FE KOHEBEEEOSHKILLERBEIRDOZRE

AR, BEFOZMITHE Y, KROHEEPHESH I
B2 REBWKOBANPEE D, SR ELORHE
FDRGE EIHBEICKEREELERIFL TV S, KEN
BT 2KOHEBERDELET LTS, EBH
KLMTIRBOTFEIIMAT0E, ZDkd, Kkob
NBROMEIFLREIL LTS, HBFEELKIUNT
HOREIFFE L L, ERI250~300 tOKBMEH ST
W3 EHEEIN S, KROWEBEILX, N (RENK
i - BF), S FENTOWNE), B (TATTY
M IRy INns, ZoXHic, MHEHEIEAINT
KRG TIIHERICADY LRIV EE TH
3.

FricJE o dbiE CAE S h 2 LKL, 35
JKkELTO=Z—AWEL, HEDHIZIZTREKDO R »
ZEDFHlINT WS (FTJE, 2004a). L7223,
JEHE k2 AERNCEGET 5 72 012 iE, HEEISBML
TOBREBRKICHRIGT 22 EBHEETH B, HEE,
SRS I N2 EBHKIE, REHRMKICH
NGB Tl LR R OFHEEEE R LTn, L
L, BEINGGERHAONENZ 5D, 2D
ARATAS S, RS, MTkiR S TH
5. 5%, thaBFoZMl, KoM —E X
fLDMERIZE b v, EBAKOBEERIZHNT 2 Z
EDRTREINT VS (RN LA, 1995).
desEEk ik, ¥EBH, MTEMEHE LToFEE)
60% % o, HilokiEay Moo CBESRE L o
OO EZMORNSZOHEICKIoNT VWS, &
FILRICIF NS KOEFEE2 Y —7 v b & LEBH
PMTIEMA &R OREN 2 RAEE LT, %
Bo/NAFED = —ZHHR & Z 0 5 ISHIG L 7 b fl
DOHFEATRLZ X2 Z EDEEE 2 B,

I E CARER P EG ALK E LUEHINTE
HE, dumEkoT hMfETchs T&55397)
i, TEWOMBEORME, BEL, Tilikoflic
FREWK) LI EERDS H D, Kilitg TREMER T
E2HMTH B DEBHKE LT—EDFEMi %4 X
nNTwsIenbifons, Larl, 5BIOFHT
ZSBS (Simultaneous Buying and Selling Tender System =
72 D B O EREARL) K& DBFANTRHI N (RN EkA,
1995), SN2 M B DIZEBHXD = —X12x
JEL 7 KRDEPE EFEEZR S 2 EWEETH 5.

EBHKICRkD 5N WEIZ, —BIEBWETOA
HRAETI373.6~81.0, 7 I H—RA&E18.6~19.9%, ¥

FAIRLEE O RO LT RRR IR B S D AR R 1

wl

VRV BEER6.8~T.4%, HKHAR39.5~42.3%, #Hh
#$493.9~100%, Ki314.0~15.1%Th 5. iz, th
BHEOEFHD S IFPHEROTHHEC A DT w
MEDXK ELLic{ k) kdsnTtws (A,
2004a),

eI, HMIEIC B WL CEE R & SRS EE X
NTW 5D, FERICE Y HEPALETH D EDHE
InTwz, —J, S, PRSI R %3
RIntwzbo0, SIRNORMEMEL, BKOK
EORD 5NT D (TitE, 2004a) |

INoDIEDS, EBMARO=Z—XIHIEL 722K
DR LW E R 5 70121, kA R 0 5
B L OREIAER (SAAY—3FL) DFH, &5
12, M ESRET 320 O A, duiEE
KOLEMREEND 2 EBEETH 3,

Thbb, LEFIIFIGHICH - WIS R
B UBEARMOMTICED 5 2 &, B L imEEEd
IR 7 A A% — 2 FILOEMTEM &L OfUE, H
e BB, FOEAH & I RSGE I X 2 ME S Lo
Bl x k%22 2 L BB ETH 5.

—75, AGHEE KRR A MU D3A <, ARG R
LML RETH 2720, ERPHEEHITIC X 25
BEHIREL I EBERMINT0S, Lo,
LFERD X & 4 b EHKEDIN | & EDEENE K
B0, KOERICKIFTHEALER T THE T Ia—
AGREY VR IHEEROEBHEREHS ML, Z
NS ZARA A X & 2 RS BN DML E E & 7
5 REYWKROEHESHETSH 5,

F28i REKRBEICHITIRRFTHORR
1. #RmiE

LB I BT 2 KO BWUGE BT 2 28121970
FERPSHHIB I N, B, BRoBBRIREPSZ 0
AHGBEEZ SlCoLTERT I Lz, 2 OREE, RECK
DOERIZKDORHAL T DT S0 -2y VAV EEE
BREPRKESCHEELTED, dLEERIIIFRKICHR
THADEREIFE NI EPPAS 2 ERD, JWEERD
BAEWAZN2 72912, 7I0—REZ V7B
GEREZET IS I EPRBI N @HS, 1974; T
H S, 1976; fibd:, 1988). 19784E (WEFI534E) 2 5 dLifE
B PR B EREBS T IREEIC R, TIirn—2&
BOMUEZBHREIAIT) 2D, A= b7 F I ¥ —
HEALT I 0 —A0iikosiiliasskln s n, #
S BMEKICE T 27 I u—2&ROMEITIGH



2 JeHmE S A 12T

INt. X 51T, 19804F (WEAIS54F) 2 oAbl i
ge, BN R, dLRo4BERES I X 5 Rk
BROOD 70z 7 Pkl TERKO FYIEI 7R
B gL SRR, 1988) B L 7. O
DORBETIE, SRR O BAL AR BR T IE O W,
R ETIC B 2 IR & iR A ET T o &I
X 2 AR ECHIREEIC & 2 BREER O KE, B
OB RZRY, BEXORHMAEZHiEL %.

OHRELE KA HBEMNIE, SO/ E Y
R & L CRBINICHEE LIS 2 B8RO F s H
s 3, BfE, FHAINTOIOWHESRIZ7? I u—2
F=b T FITAY—, FURTEHMEHA Y7794
Y—, 730777, JEv9F-ERa-7Fr74
PF— (RVA), TIZAFauir—F—, WREHLETH
%,

A= 7 FIAF—ILkB7In—2AERDHUE
1, BEZRFED100 mg TR TH 2 72 O A AL
TOHOARETH 28, EEEKL NV OBEEHRIL
6 OBRIBFRNINI/N X Wz, T BHOESE AR DU D
BRICHEALTWS, 272L, #EEHO7 I v—2
GEROEEPRICKERHAADLE R, du{EFIC X
2 H B AR Z T 2 854 B O AL O JIE
WX BEBTOEMTH 5. FITIE1IRHIC20/HTE
5, UL, Aok, Bk, FERECHEEZ100 mg
FEET 5 7 EHTUBEDSABECH D EEHF TR E W,

—J7, F U EERIGERITIEEFHC L DT
bNTE D, IFOHEIKKT mLEPEE ) 2, B
R ELEEST E b ClBTHY, WEKRMEG 1
MIPUNTH 2, 72701, ¥ rEaRIEREss
ICRE CREIN, BEREIEPNZ 7 DIAER A~
DM IFEENTwEW, 7, FURIHEERLET
Se—AEREOMICITADEBHEIED SN, KS
VRIDHFNERLTHL 7 I u—2AGENE R 51HE
M2RH2I s, WHDERZEB L OEKT 20
Hhd 5,

BHEE X AW EBROEL, 7Ins 778K 0
RVA (pvii) THIEZI NS, 7 3Iur 7 7 IEHERHD
IR C40 gD 2 E9 2 DITH LT, RVAIZRAE
FEIE F CHIE T 2 DIZFI209 TiFA, B3 gfMET
H 5 DT, EEIIRE TR £ <ok
DWTIEFRVAZAHOWTTONLT WS, Z0fth, 77 R
FauRX—F —PREFPEAIN, RHEEKED
BREMEHC O WTIIE L, BERE X OBREICHHI N
T3,

NSO FERFEN L BRI X Ik ko
BUKHEIZEEICH L, ZhETIC T255397,

A AKRS,1990), TFLOWS, FifEs5,2003), T
OlFL) @EHWS, 2002, TsH-<bAZ, Hf
5, 2008) m ERBWMEZHEELTCEL, £/, K7
Tu—REETFEEALLE TR G EEE, 1991; 7
o, 1997), P00 ERINTEL, FEEF
BRI N, K7 Iu—2%K TBIFADE) Xk
Dby 777 FELTRAIN, ILFEKROENE
H ALRERIE A R/AGEE NRFRE R x 100) 1 ki
RECHBLZ, 512, 200 8FE IR MR &
ol T X TBIFATE, L HILEM
BEN, YEBHAENTWS, ZokHic, I
KOBHITMERRICK Z2E 7 v —2{kick D KE
kL7, LaL, 73v—2&EI1E, BREET
BT 52 ENMONTED, MR, FEXRB DD
REW, £/, —BEMBEICHRT, ZhofE7? 3
O — R RS EAREOZLIE) 7 I —RAERO
EEPRECZ EPHEHIN TS (FHEE, 1988). 2D
7e®, SERAGEED R AWK & UCiHiiZ 15 5 7%
DITI, BEREMESLE L M2 ERT S 2 L BE
BThD., LEdoT, 7Iu—AEE0EM L
DEMREDOEIHES 7 I — 2 EROELEH Bk
WO ERSE TN TV 3,
2. BxmE

HDENC BT 2 REK AR E1X309,700 t (20065E 1) T,
ZDON®D40,000 tSAGHEE CEFEINT WS, JhifEEc
B B ERMEOEATERNZ8,220 haTH D, 207
Bz TEdbxr9db) BEHOTWS, HAMICAE
SN B ALIEE O RKIE, S o DIzl
, MTEBDOFEL DS LR PERFMER SN 25
Wb s, DD, ZOHIDPKREPLEIbREDE
BHELTHHEINTWS, LerL, EEHOTRHEZ
BOERSE O THB L Tw 2, i, duidEkkoikse
FEEOMTIFHD, Kffidb TR LT3, —J, D
Bf 720 & 00 T HDRRK S 1 BN TR L A e R TR 9 %
Btk oz, 2o s, MLEEoEWE
DEBEPSFHMEINTE D, T, FRED 2
PRbL ) FEETIG INT LS,

DL RS, AGHEE TIEHHIN I L 72 8
D EALTESE R OER L R B IRARKD 5T
W3, O RHIERICIE, SEOMBIBEICE VT
L RV OM TR T 2ENRAIRTH 5,
Lo L, St iy 2 SR 3 2 72 o1 1 BRI i
B ZFHE L 20U o TEROERICE WTKRE
FHO» D EETH 5.

B, duiEsic s e hiftiEomueBREO TR %
HEDDD3ODDT T —FVHINT0E, 121,
FZhdbb ) REINS X IFEEORELED



ALHEE K D BN 3 1 HEIE T MAT SR RGRLEE D528 & B IR A I B 9~ D AF5E 3

B S 2B AT 2 HETH S, ZDOHE
EHEKD 54T b T\ 2 2SEALE  AERE I 72 170 113 3R
HoNTwRy, i, BLEEsRERZELD D
BRI 7 COBRBIARIKFE LT K, NIRETH
LHEREVE SN WMETH > THIAIED X I I
RS TICB NS &2 OHERREI T,
ZH LT O BB I KD\ RIZiIRFcE v e
FEZHNT05, 20HIE, BEREE S L ELMEZ 1A
Lz HEcH 5, TIERE2905 ) 13 TiE< b 1)
b, L NELoWwd ) %R L TEED IR LIk
WLERFETHD, TLALEbLE, 1k TL#EMH290
Tk TRIBOR ) 2R LTERINHETH
3. 328H%, A VT4 TDOT I uRyF UG
FEATLEV)TFETHL. TIMBBEEBRAL
y—THERI N TBERE1725 ) &7 7V 2 REmE
MRAT109; 2K (LB & LTEHIN, b
TEVEEZ R T EBREIN TS (AR
A&, 1998),

E3E ALBEXROREALICEITEIBRHBZOEE

KDOEWIE, KEDS80% BB TR INT S 2
Eo, BRICKIETEMOMEIMETE 2\, M
KOWkE, BXZ20%D7I0—RL80%D7 I 1
RZFUDPLBREINTVES, PIo—RF /L a—x
Dla-1 4-K5E TR G L EEARNICEEHO S TH % 27,
PRGBS LR SOS T L EEOS T DREY
TH5. KOT I —RFFHEAEIFI000FEE, 1
DFHTDPI~3ROFEE b, D OHEIA
(ENV%) 1Z25~50%TH % (fgfE, 2003). 7Im~x”
F U lZa-1 A-FEATRA L7200 2 —2 B A o pgl A3
a-1,6-FEE TG L 72 BEETH 5 (p.viii).

7 IR FFHENESEIR (7 7 A8 —HE) 1<
H£FY, ZoBELEEZOECHIOBMBIZE D WD
LB S TRELEZ LTWS, 7In0F 33
A T Do-14-7N 3y F#HzZF>TW»S (pviii). A
RS IMU DB T OIS TR G 2 R B WETH
%, B#HIZ1208#HDH D 1D LTI A LT
WEEETHD, BHHIZIODDIZ IAY -t EE5B1
B, 229D FAY—IZKATVS B2H, 30D7 7 A
Y= RS B3R EDH D, CHULEILANZ R > T
WELEHTHD, TIuXIFUIGTHID 12D CH
> T\ % (Hizukuri, 1986).

AR, Wk & RO BRI BY T 2 WFZE B D 4y
THREGMRAT T (Hizukuri, 1985; Koizumi®, 1991;
Hanashiro &, 2002) DFEIC & D, BHOT TR L

BREE (S, 1994 WG5S, 1998), Bk
(Fizgerald &, 2003; Noda &, 2003), ZHREE (Inouchi &,
2000) & DRIRICOVTOMBN B TONTWE, TNE
T, 7TIv—AGREMEL, 73axR7FVD
B2+B3[li5y D RAKNMMIC 5 3 E &% L, P
MHEEDO/NIWREIZE, Ko, bbbz K
Bl (GBS, 1998) DS MICENT VS, —
J, avERRNIoBw T I usF k7 Iiny
FrOMIBICT7 I u—AEORWE (7 IuxXrFr
LCO)ZBFLTVREZENAISNTED (Takeda b,
1987), 7 207 FYLCHL\imfEIE & REAIIRE <,
AEME L MBI, RVAIKBITZ 7LvA 7%
v v EADHBIBIR SR &, RO BRI 7
TURIFULCHHEELTVRE I EMEMINTVS
K EEATH, 2000). X 512, Inouchi® (2005) [ERVAD
oy Moy 7 (R AR E T I eRy Ty
LCERDOMICIZEWIEOTHBIRRY D 2 2 L 2SS
IZENTn 3%,

ACHER TR EER O BRIZR VDY, WO 7B ICE
(YR TLENLR TV EDKEMEH S, 2Dk
b, ZLIKWROBESLETH 5., REFHEDK
BRITHILIE D 52 IRE D, REDED ISRV
fbic X 29 EE OB L <, X ok
D O EPBINEE 02 E LTHRN, BRIEE
T9%., 2ok 2YHNEEOZINT 28D
FIREDEENRE LI LIIEGICEGIN S,

oMb EZiz, 7TIn—RGRET IS
FYHMHESABEEL TV 3, BHoZEOH
L, RN IRBR o fRIESE 2 > 7. BAPYEE  (HiE
5, 1981) THIEZ 1228, %z BKEZEBEH AR X
HLMENH L L, FEPEHMETHZ Z L, FHIRNE
ERDICEAMAEET 22 EOMEESBH D, BUT
HETH 2. IS (2002) 1FET24REIE £ T DX
FALIZOWT, EREOME, XHREHT, REEER
EHE (DSCHIE), BAPHEEIC & 2 BILEMIE D3> Dl
EETHIHMI L, W oWlEERIZ B W THEWHE
B@ENH B2 %R L, 7L, OEEEZEMS
WHESH 5 2 L, XMEHTIET—2 oERL LA
TREEPSHEEIXE AR\ 0, HEMIR O R
P oRBOEEZBIETE, EEMEN R TH M0
SR DHIIAEAL DI IZDSCHIEAET 5 & LT
W3, DSCIC & 2 EEDHEDGEIC b PLKIZEE
WAL SRR BEE 22, Cnsicxl, kE
5 (1999) 1HZERIA BVEEF & TV TIREICK O 2HIlE
Tk A AER, BICERT 2 LEZ SN 2R —
7B LTw 3, REBIBAEEEHT X 2 BlE I



4 JeHmE S A 12T

BT, ERBREPEHECHD, KRE DT KB
fMIsPEMASZ LR ZDEEDIRET, HRSEMt
TIEB T 2 BN OREIZ L 2 EEHE LT, #ifhic
b2z vy -2k &by 20T &5
BTh270, BLOBEE XU Z20REELOEE
HESHREZ LTV B,

AGHEER T ERO REWRICHRTT I n—2&
BEEOD, ZOEREIZT I u—RAEENERAREIC
IOKRESHEETZLOTHY, HARMNEIMEAE T
LB T, WxPlZEB WL TEH L V> (Sano, 1987), Z#
LD ENS, EAMIZE T AET I v —2{icizE
AADET T v —ARHMEPW x> L IZRE 27
O — AR BB T OFAMREINTWV S (%,
1988; %iHh & EA, 1991). 5%, dGEICE T 5 K&K
KEMZHHES S 720101E, WxPEDREREE IR
5.9 2 8 I GRS 0 7280 & 8 PR EE 03I o 43 1
MEXE I BIE T & Z Uil ) Bl bt o 2 % 1
ST BT ENEETH D,

F4E1 AMROBHEHE

A, AEERO REWKBEFEICE T 2RTE
FEOEEAE XS 720, ALHEER O W O 5 FREE I
HHL, ZOEHERKZHIS 22T 2 & &b, W
Doy FREED & R LHEROBE TR E R EZHS »
KT EREMNE L7, £/, BB ©MEEK
ZITHICH Y, B OS5 TREEICE D W Rk
DFTE & FHIERSEHIE OFIF 2 A 7.
FomcikdpEo KRR TH S TE556397, %
LT, 7Iiu—2&gEEEHREORREZHS H
T EEBIT, TIu—RERICKITTER, BiH
Wi, Mo, HEAoMEERILL. S5,
TEYIE R I REAH D B o> & Bl A &Rl (p.vi)
IC—REHEE RO 7 S u— 2RO EF IO
THEL, 7In—REROEEHERNZMIT L 72, 3
HCRAGEEICE T 2 REWKOMET KO #ERICH
M9 270, mEo FEREZ2 - BRICRAHRKE L
THRBEINTOLKHEED THEZFH, LI
DTG EEEEZRRKK T2 2 LIk, Kkof
BRICBES 2T R 2 57, $43E Tl AU IC
REDRD SNl 7 T uXyF UV LCERDBAREIC
X2 MEMZEZHS DICT 270, TFEFK
SnrdiEkmEE AL, ATRREZFEHLT
B 2 GRS CHET L, AL OB 2K O
FHREIMB L7 I 0y F YLCEHERICKIZTHEIC
DWTHF L%, E5ETIE, ERkOA—-—+7F 94
F—iza 7 RRINRE 2 HEBETCE 2L FF v v
IS E AWl — b7 F 74 F — 2 B¥

L, SOEEZHOT, 7Iv—RA0oFEImARk
IR BIE § 2, SRREDY a7 FWRIIhRRE &
OB I T T B 2 et U, 5 8Lt iaes
DHEELEZ MR L7, eI TIE 7 T v 7 5 B
FEo i % i H U 7= Bt o HEE ko 2179 &
Ebi, FEABMICIEAT2 2L 2HMNICLZAED
FEREURHC X 2 B3l ik 2 3l 7, BB7R Tl
bR ko Z hMETH 2 TE<bxIdbb, %
FAvs, R L ML O Z BB & 2 6 N 2 RGBT
D) b, FRICEHRE L EEENEICERL, 2
NoBT7T IR FUVOEESMICKITTELH
R, 7 IuxrFrosnyis s Bt oG E B
ML, HSETIHTIEEZTIRES N0 R
5, JWHE RN O o7 REE IS RUE T SRR E o
EFTRRIHTE OB ICE T 2RI W TRAIIC
E2 =304



ALHEE K D BN 3 1 HEIE T MAT SR RGRLEE D528 & B IR A I B 9~ D AF5E 5

g2R GANUEE X OEBBE RN & 7 S v — 2 E5ROBR

E1 ®BE

BARE L 7 S —2AHEHOMICITEERADIHEA
PMESINTWD @S, 1980; UG, 1982; VEH,
1985; fifiit, 1988; 49Hh, 1988). At (1988) 1XFxIs5eth A3
T I —ZERICKITTREICOWTRE L, JWiiBE
KD 7 30— 2RI I3 R %2 5o T EiR S
IEBILBHHETHL EIHEH LTS, £, T
(1988) I, Wi, MK, P~y M, M
2y FPEEMEL, HoEBIC X 2 oL T S
077 LREOFS L EE L TR D, TRIREIZ AT
Rl RE R EL L2 2 L 2P LT0 5,

—J, 7 Iu—AERICKETEMREDINOET)
ERE LT, THRE, —fNICET 28 EEEMED
FEWIZOWTHEINT VS Matsue 5, 1994), ML &
EET% (1999a) (&, BBIEERMENDO T S u—A5&E LK
MM OBGREH S I L, —BINICE T 5 Kk
D7 Iu—AEBEREMICHBEL, T3
BEMEDBEOIC X B82S T 2 HEEOME
BBRETHEIERRELEL, Tho6DI LiF, ER
TR H3E < BRI A AGHEE IC B VLT, IR RELC
K7 I v —2AKREAEFETLLODICEELEEZONS,

AT, Eplhltpg okt chds T855
397) AL 72, BRRE L 7 S u—RE4BDKR%E
METT 5 L Lbic, R, BRI, WofsE, i
H27 s u—2A&GRICKIFTHEZHS I L, &
I, TEYTUREER RS EAEZ A L, —XEL
BE REBICB 27 I u—RAEBDOMARICOVT
FEL, 7 Iu—AEROEEER % BT L 7.

F281 EBRMPELUTAE
F£11EH HEREOREREELUERR
ERIBR G

TR, R, BRI, WomEIC kD
MET 270, INSORBEHDELE T IT—2X
GrOBRERET L 7%,

BRI AR E o BAF 72 BN GBIk
1992, 19934E, LWARHT ; 19944F) E#wIHEBT AR DR
B CA IR _BIRIE 1991, 1993, 19944F) TfT-
o, AR TE 55397, 2HWA. ROEXEZ
30X CTH D, ZOWiRIETable HI-11278 L7z, B AE
EHEA Y M OUT, HE), RER Y FE LT,
BRIt ¢, BEHBUIF435H, 40H, BRERIZSLME
WM D200 mL, By FUAD3kE L, B
R A (SHE4ER), BHERM (SHESY

f)), WAL SHESERIDIE) & L, MubiIfhEx b
B D ATHEM L 7o, BB E X OWRY 72 ) AT
ABUZ25HRmT (30 emx kR 13.3 cm), I3 IBR4AR
REZ, W IR3IARZ & Uz, FilRXIx2 KT
o7, ZHEMMEII8 gnil L7z, BHRE I IR
40 HH o H P SRIROBEM TR L, MUT, SRR
LRdl7e. 7 3 u—RMEHBRHE S LPEX O KoK %
BILL, abricvie,
BHEOER LT S n—2A5H0BGRERHAT 5%
O, 1991~19924F I iF FJIEFIZ B WT TE 5 5397,
ZMEAL, #EFE MR g/mT, HEHEW] SHE5 M)
ICBREL 7o, WOREE B HEE X ORM 7 b R f
IABEZDTO XS IKllAEbE, Thbb, 1991
EICHEW HEE 29, 36, 430, RIG:29, 36, 42,
48H, #EfEEZ P AN CIA NS D200 mL, JEH:
Ry b4, 3, 4, 6k E L7, SRMEZEEIIRH:
25, 45K/, BT 258/, MR b REAR AR
W2, 4, 6, 8AK, HH:2, 3, 4, 64KE L7z, 19924EIC
IFE W ABE 30, 35, 45H, AE:35, 42, 49H,
AR 2 TP A 24 7 D EEFRN200 mL, BRI R Y MY
7202, 3, 4, 6frE L7z, AAEHEIZPTE:25, 500K/
i, A5/, PR D R AU R4, 6, 8
R, B2, 3, 4, 64KE L7, BAPEXEIZ19914E38
X, 1992fF2XTh b, IRKETIT-%.
BHIRRE L 7 S v —2 & OBRIcO»TIE,
1993412 TE 55397 27 7 F)LA Y b (1/5000 a) Tl
HRAAR, 2RI A THIE L 72, FREFHR O 5 ATA
RE (24 b buv SH) TEAAMOREWREZ T -
7o, WL EIRX29/22°C B OWi~17HF) / 1 (17
RE~9lRf)] , X 25/18°C, (KiRIX21/14°CD3ELRE &
L, FOE2Ry PO L 7. B, HEAZARK
Tiro 7., KWL b FEICHFEH L HEH 2 &
L, BAfE#e10, 20, 30, 40HHDOBEZ AL 2. &8
IH oD s X KkZ IRBICE Y2y PETIDHL,
TAAYBRBETE kM EMEL, 7Iu—2X
SNt OBELE L 72,
H218 FIO—-AEEOANAE

7 IR —RAEREOIHTIREE (1988) DAIEICHE,
F=F 7 F I — (77 I —_EEUE) &AW,
Bk % 72 13K %204 MOKEELT b Y 7 LR TT IV
AVEULE R, a-1,4-70H v EITEOEAERE620



6 LB ST R AR W

nmDE—JR DWW & Y HlE L7z, BT
SE—RAEE20.1%DKMEHEIEL L, 7Iu—RE
BEOONTII2RETITo 7.

HEH OEMRE (40 HE O H P55 D
BHAE) &7 S0 —2GBOBRICOWTIE, 1RERX
W7 b A SERIC O LRI I FEH 20N L 7 AL %
g, IR, WEEHMICHEZ ST, 2nFno 7 s
v — R & TS aHT L7z,

F3E REOBELEMEBEOANSLVRE
AEE

199541213 B ERME T T& 5 5397 24631,
FR 7200k 0> © A BRER L 7. X0 i3 fERE1S cm DA
F, 13~15cm, 11~13cm, 9~11cm, 7~9 cm, 7 cm
DIFEL, —XEMBOEI RS %h > RS embl 1
DFE (67TA) 23 LT, BHEEMEN (1~9) IT—X
FERL & R 3Rl U, B oA iE@sl (Al
1788 o7 S u—REREFW L. 2k, BiEEE
PRI FED SO BMED 518 Lz (pvi). RICEHD
AAEMEN O LBRSEE X OILER & BARMSE L
TIn-—AGROMBRERAEL. bk, AAKEE
PRG3R 185 mmBl EDOZRIC>WTAHLTHH
EEOERD & NI BRER b G 7 HlG E LT,

F41E  HEHLEAE
HEHEIZIMP 5.1.2 (SAS Institute Inc) %\, 4

H127 5

R, TR, Mo ZHALSE LT, BiE L
A ETIENT L 72, ek, BEICIIRD 2T 2 v
fo. AT, HEEDE TV T DORNR &2 ThiZ i
BAEICEE L2 L&D, AT 3V ANABIROKKE
BT TFUETH 2, I zfE e x, FRRED
MR & AN (EADHEDIT VLS & ZIIINE
1), HEREDORNR % & BARHETHE S N RED
FETH S, R, SERICN LOREZ1T )
LEICAMRMEIRTH Y, HET -5 CHEMR DR
2T L& LD, FEERWT TR o
219 LIRS NS,

3 EERER
$£1E R, BHENEH SHOEEHL7S
O—RAEERRIFIHE
T In—RAEREER, BN, #oMEO &%
BN RN TR L 72 (Table 11-1), 72, 2D
O HTEE % Table [I-212 78 L 72,
FlHIEAOFERTIZ, 7I0—RAEHOEHIZHE
K, R, WomEIc L) Z2D98% 2T X -
23, ERDAER (FE226.11, p<0.0001) THo7z,
RERDERTIE, 730 —XEGROERIIIER, B
TR, WO X D Z2D88% WHHTE 1, 4
ROMEPAETEICTKE { (FfiEi60.87, p<0.0001), KT
MoOMETHHEE (FfH5.01, p=0.04) 72580 51

Table II-1. Relation of planting year, planting time, kind of seedling and temperature during grain filling to amylose

content.

Location Factor Level Amylose content (%) Temperfzﬁllli;egcl(lircljr)lg graim
Kamikawa Year 1992 207 b 762 ¢
n=12 1993 214 ¢ 772 b

1994 18.8 a 907 a

Planting time Earlier 204 a 814 a

Standard 202 a 813 a

Kind of seedling Mature 203 a 815 a

Middle 203 a 811 b

Chiiou Year 1991 200 b 827 b
n=18 1993 21.7 ¢ 714 ¢
1994 19.1 a 940 a

Planting time Earlier 200 a 838 a

Standard 203 a 827 ab

Later 204 a 817 b

Kind of seedling Mature 200 a 841 a

Middle 20.5 b 813 b

Data are least square means.

Different letters are significantly different at 5% level by Student's t.
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Table I1-2. Effect of planting year, planting time, kind of seedling on amylose content (ANOVA).

Location Factor DF SS F value P Value (Prob>F)  Adjusted R square
Kamikawa  Year 2 14.11 226.11 <.0001
n=12 Planting time 1 0.16 5.24 0.06 0.98
Kind of seedling 1 0.01 043 0.53
Chiiou Year 2 20.51 60.87 <.0001
n=18 Planting time 2 0.78 2.32 0.14 0.88
Kind of seedling 1 0.85 5.01 0.04

7o, 7, MBEXNOEAREL 7 In—AE&ED
BIR % Fig. I-11CR L 72,

22.50—8
S I g ! ® 1992, Kamikawa
SIS ° | ® 1993, Kamikawa
21.54 = |
= ‘ , A 1994, Kamikawa
£21.07 0 S |
g, g © 1991, Chiou
$20.57 ey
$20.07 v2 > 0O 1993, Chiiou
219.5 | 3 o d O 1994, Chiiou
E | ] All
19.0 N ]
18 5 +———— 1] Above 800°C ——
650 700 750 800 850 900 950 Under 800°C -

Temperature during grain filling (°C)
Fig. II-1. Relationship of temperature during grain filling to amylose
content.
=—0.0125X+30.5, r=—0.926"*, n=30, all plots.
Y1=—0.0134X+31.3, r=—0.664**, n=15, under 800°C.
Y2=—0.0081X+26.6, r=—0.784***, n=15, above 800°C.
*xx % Significant at 0.1%, 1%, respectively.

7 I u—AEROEII8.5~225% TH o7, FR
LBz AL LG, T I —AGE SN
EIZ120.1 % /K HETE R ZADMHB 1=-0.926%%*, n=30)
MNHY, TARE X) KNTE7In—288 (Y) D
\aEIE Y=-0.0125X+30.5T, SHEEDI100°CHZ %
ETIU—RAEGRIFI2ZSBET T2 LHEESINL. Th
ZalBAlic a3 &, BIIIBRICBITE 7 In—2&
EIX1993FD R D i\ 021.4%, 19944FED R H KV 18.8%
T, HRDERDEBIRIEIZTT2°C, 907°CTH- 7
(Table II-1), XD 7 I 0 —RA&EDH#1326%T,
BRREDED35°CTH o, 7 I 0 —AEEITEH
RIEDS100°CH £ 2 E1.93% KT 5 LHfEES N, 2
BOBRRX»SHEINL 7 I u—REROK T &
Db REPo, PRERICETS27I 0265
W 19934EMMR B EI21.7%, 19944EDMR B 1K\ 119.1%
T, ZNZIFERDEIMEILT14°C, 940°CTH > 7-
(Table II-1), XD 7 I 0 —RA&EDH#1326%T,
BRREDEIZ226°CTH D, Z I T, EREEDL
100°CEE 2 L7 IR —RAGEIZ1I5%E T T % & HEE
SN, Fig. I-1OFFX» SHEEINE 7 I u—2A4R
DIETERED NS o, TOX I ICHEHIIZ XD
7IU—AAROMETRERR L7, 22T, BH

iAE800°C (AiBRX D Hefl) TIX4r LTHRET L 72,
800°CAI M TI1EY1 = —0.0134X+31.3 (1=-0.664**, n=15)
DOIESAS, 800°CLA E Tl Y2=-0.0081X+26.6 (r=
-0.784**%, n =15) OMEAVED SN 7. Thbh, K
VIR IR YR ERE (Y1) O ZIZRE L, ELinE
BCIFEER (Y2) DIEHEIZANZL, TIo—REED
KT IZREETH > 7.

FE21E BEEOER, HER, SHEH

L7 I O—-RAE=0OMEFK

T D T 13 AT O LI e 2 2 & 3AI S
NTEH, FUHIZBWTHRRERTCIIHOMEICLD
7 I —RERICENREOoNL I Eh s, BHEED
ERB T I —ARRICKIETHELHRH L, £
B ORER 2.6~5.13E) L7 In—2&ROBKR%E
Fig. 21278 L7z, BIHEOERE 7 I v —A &=
WTNOERE SADHB (19914:r=-0.634%**,
n=26, 19924F:r=-0446%, n=22) »HH, 7Ia—A&
BB OEMINMEATLHIEEE T L%,

A D KRB ARES R RS B 12 B 1 % P o Bl
I3~ SBRETH L. 22T, TH EREICE T
273 0—ZA&ROEBIIOVT, WO Z3 55D
EERMEOMICHEIL, 7 Iu—RAEROEHHEDE
2RI L7, ZOfE, Em3 SEREO T I —2&
HOPIIEIZ19.6%, FAMEILT60°CTH o7, i
N LR 3 5N o7 T u -2 &R0 FHHEIZ
19.1%, BAWREIE801°CTH 57, FMDIERDSIS
WRWED LOBADT I u—R&RITIZ1 %/KETH
RaErRd o,

HEEH A OBIRE L 7 S v —2 5RO 3 % Fig. I
“3IZR L7, SHFEI O SR I3619~804°CIZ 4y
i, MBI O SRR DO F-113739.8447.6°CT,
BEHANEVIT EB AR IR, SHSHMBO X AR
HRETL7Ie—X&REP AT 2HATH -
(Fig. I-3 C, A). FHBEHICHHL o7 I u—2
EGEIZ18.3~22. 4%l L, MO IZ
19.9+1.04% T®H > 7z (Fig. I-3 A), HEEHM D7 v —
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O Amylose content
20.2

) Y —8— Temperature during grain filling " . - [
gfggi o o ® $FIE FHEEEMENTIAO—RAEEICK
519.6 g200 R 72(2)3 25 e
51949 £19.54 5 < - . e
S 191 . | E F780 T B A E E 7 20— A& ROMG%Fig. 11I-51278
219.04 19.04 | ® 760 £ 2 . - .

e ﬂ T0iZ Ln BMEERENO7 S0 -AGRE, K
1864 e 720 & PN N -
FPAE I K- - P ‘ 00 Kr321.4~22.4% 125340 L F¥921.950.35%, —REAEHE
25 30 35 40 45 50 55 Under 3.5 Above 3.5 N
Seedling age (leaf number) Leaf number f)§21 0~22.0 % 1z %ﬁ L I|ch’;321 4+0.3 % T % ) 7": . v )3‘

Fig. II-2. Relationship of seedling age (leaf number) to amylose content (Kamikawa, 1991,1992).
O: 19915 1= —0.634", n = 26, @; 1992; r = —0.446", n = 22, NOBHEEMNBEICBEWTD —RXEBRO7 I a—2A

GRIZTRERICHRTE L, ZF ks Eas
A EEOEHER120.38~1.34%TH Y, HR{EIZ

1.01%C, WHANIEELTT S0 —2&5RIEFH1%0 -
ZBid ot HELELTRTOROT T v—AGkE =
12152~22.8% (250 L, “FHMEIZ19.6+1.22% TH - 7 £ 18]
5

(Fig. II-3 B). S 161

Rz, BB DWEN 7 S n—2 GBI KIETH 214
R L7 (Fig. 1-4). 7 I 0 —A&RIIERK TR L
FATER20H H, Bt o eI o fR IR (AR o
%(Eﬂfg) 75;‘5000(:?03‘0&“#% L ti S7H {E(EulZ&i Eﬁ?ﬁ 0 160 26() 360 46() 5(30 6(‘)0 7(30 8(‘)0 9(‘)0 1000
. , - ;L' Accumulated temperature after heading date (°C)
{§3 0 H 'E' ’ F#ﬁﬁ{&%%{meGOO"C“G#E k tﬁ e 71: . i Fig. 1I-4. Relationship of accumulated temperature after heading date and
7'«: , %(J]EIIIX 5&1' rl—I(ﬂEIlllX ﬂ: Hﬁ’\éﬁﬂ FEﬁT 7 E a— 2 %% @i amylose content (Kamikawa, 1993).

. - — . Numbers indicate days after heading date.

BB L, —7, KEXKO 7 S v —2 & 8I3FiR O High: 20/22°C (day/night), @; Middle: 25/18°C, A; Low: 21/14°C.

XEherm L 7.

Appearance frequency number of ears

0 20 40 60 80 100
T T T T

}{Wﬁgi »*

B

Amylose content

- 40
an M o & &
§ S 750 © See 058
gg w0y T TR
g £ 7004 -26 & &
2= 1 o 2
£ T 6507 20 ¢ E
S5 ] -15 £ =
£ & 6004 8§
& ] -10 2
] S
] mﬁr% o
500 41 0

7/24 7/29 8/3 8/‘8 8/13 8/18
Heading date (month/day)

Fig. II-3. Relationship of temperature during grain filling and amylose content to heading
date (Kamikawa, 1992).

A : Relationship of heading date to amylose content. Error bar means standard deviation of
amylose content on the same heading date. B : Appearance-frequency number of ears and
amylose content. C: Appearance frequency of the number of ears on each heading date.@:
Temperature during grain filling.
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Fig. II-6. Relationship of grain quality to its position of rachis branches (Kamikawa, 1995).
@: Primary rachis branches, O: Secondary rachis branches (see Page iv),

EETHRAR1%, FHTO.5%DENH -7, —RKEHE
k& “REFERI O 7 S v —RERIE, BRI TE
MR RR TlE D 5 72,

RIZ, 730 —REBICKIT TS SMEO M
2 BEF B XXM E OB R MR L 7. B
A ENER O BTG S E & B (1956) DRAEIR
IZHE> T\ 7z (Fig. 11-6 A), BUEEEMEMO 7 21—
AERIE, NBMIRIE EK SRR T 2 D fE T
MR EH» o7 (Fig. 11-6 B). £/, FLEK & EAKOH
Ak, TREEARIZES K, WU G4 AET
VW RBERL & D b /BRI TR o 72 (Fig. 11-6
0). 51T, RAKHESFIROMHEATH -7 (Fig. 1I
-6 D). BiEEMEN DT I n—2&RE, LAk
ARG L AOMBEPED &, AR & AR
BDNE T L, R SRR CKdr > 72 (Fig. 1T
=7).

21
Y=-0.029 X+20.3
X r= - 0.823"* n=16
=
L
o
Qo
o
2
]
=S
E
o
18+

10 15 20 25 30 35 40 45
Amount of milk white and white belly grains (%)
Fig. II-7. Relationship of milk white and white

belly grains (%) to amylose content (Kamikawa,
1995).

***. Significant at 0.1%. @: Primary rachis
branches, O: Secondary rachis branches,
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Amylose content (%)

20.04
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Fig. II-5. Relationship between location of grains and
amylose content.

The values were obtained from ears of above 15 cm.
@: Primary rachis branches, O: Secondary rachis
branches (see page vi),

FAHT ER

B1E SR BERSSH SO0EEHL7I

O—REEICRIFTHE
ER, B, WMoBE?7 S u—2&RICME
THELPMAET O BIF & BIERR E AT ARARD
PREETHE L7, I oiic B LT HHEX
DWENR D KE VDS, B, HomE L2
LD 5 N7 (Table 11-2), FERFIZENA U 72 HAIZ
BHRIE DB L E 2 ot FRdt (1988) (%, dbimE
KDOT I a—AEGRPMFERICHNTEHVER L L
T, AWEEDBHMREIME NI ENREHELTL
22 EREMHL, BAREDRL ZERE X O EE
D7 IU—RAERIIBRRE L HELRAOHELH 2
ZEZRHSPII LTS, KB THRRDOHET
Hoto. —7, RIBREER O T IE B AR S3100°C
HEZETIU—ZAEEIZI25%IE T L, Zoffiz,
fifdt (1988) DWME IR TRRE Lo, L Ly
5, AR CTEIRAES00°CL KXy LT, &
PIRE L 7 I o — 2S5 BOMBRERI LR, 73
U —2AEGROETRECENRD 6N, WERKIGES
Hiro7: (Fig. TI-1). T7%bb, BEIRES00°CHL Lic
IR>THERS L 728556, BRI 100°CHEES LT 3
0 —2EEIZ0.8%{E T L, fiEOME L HBREICE >
7. AFBRIZEIGREDT50°CLL T D ¥ b & TR WAER
ZEATED, ROUBHARETIE? -2 &2
BRGNS RE 2D, BYRGRE D MHEE E -
o, TOZEDPEFE LTHBtoREORME D b
(ol REEZEZ NS,

21 BIEHOEER, HEH, ZHEE
&7 SO—-RAEEDHER

— M R O B & BRI 3 BB R BIR R
HonTEh, KES (1998) IZHFEE 7 S0 —2&
BICEOMBAZREOTWE, Ziid, HEEINENIZ
EEBARENMELS BB DS, TIOn—REEDE
Cp b, MRS RL 42 213 EEMREIE W
&, TIv—AGEaME Ko7 bDLtEILNS,
Thbb, BHEEOER IS ALEEIC BT X
D7 IU—RAGEROELHER L LTHEELFZF I LN
35, 22T, BHWHOERE 7 S u—AG20MK%
MR L7 E 25, HER3.SEM EERBTIETIn—2
GRICHERERAZZFO KL (Fig. 1I-2), 72, HFEHET
Su—Z2EROMELS, TIn—ZEEEZ20%T
AR 2 EL S E B 708 HSHETICHE ¥ 3
CEDBREEEZSND (Fig. I-3), L7225o7T, KT
fbick b i ET 2 2 EOBEBEEIEHRTE 3.
INHDIEDS, TIu—AGEE2K T2
I HIFEIER AT & U CRETERE (R D 3E#3.6~4.0
KAL) SEE L EE 2 67 (Fig. 11-2).

Rz, BRI OWREL 7 S v —A&RmICKIETH
BEMS L7, 7 Iu—A&=R3RE%SHE D S8
L, 19~23HEHTIZIFEL %22 I EBHSPIZEN
TV % (Asaoka®, 1985). AiRERATH, Z D & HML
LE#BRZRL, 73Io—2&RIEERKCIZBER
0HBICIFIT—E & 7o 7z (Fig. 11I-4), ¥ 7, BfE#10
HE? SIREIC X 220580 o7z, fadt (1988) 3%
PP E D BRPEOREDS 7 S v —2A &8 % LRI
Tz E2HsrIcL, ZOBMHBE LTREbO
WA BB L L D DATRICS W I L2 T
5.

ZDkIHI, TIu—RAEGRIIEIRL LD EHINM
MEEICEG SN D720 (BMKEA, 2006), EAAMIRIR
ER7In—2E7IaR7FUEED BB T
Mgl IFTHELZBIT T2 L 3EREEZON
5, 20k, 7Iu—AEGEROERE MK T
37 diciE, B0 ESRICKIE T EAMIRE D
BHERT HMEND 5.

FEKBENE 7 Sm—2 7 InRIFUnsinb,
7 20— A DA G B IR & BB & B SR
(Granule Bound Starch Synthase:GBSS) 23BY45. LT\ 3%
(Denyer &, 2001; Hanashiro 5, 2008). Jiang & (2003) (& 1]
R A I EID G B & O F B 13 B I R iR
22/28 °C (Ki/JER) & D $29/35 °CTRVAS, MK
12, MAF O FEEEL , Biff I3 8 X O'GBSS
OFEMEE L OFBIREI1322/28 °C X D 29/35 °C TR\ Z &



ACHEE K DBy 7y 1 HE G BT3B R B D 528 & B R E I B9 2 PSR 11

ZHOII LTV, Is OFRITEIR TR D
BT EROEEMET §5 2 itk 7IiaxrsF
Y OGBHREREA L, RADT7 I urF DR
BIHSEEM$ % 2 LR 72, —J7, Larkin® (1999)
A FDO7 I e —AE&ED18% DL LD MFEIZIZGBSSD
V¥4 b V5 A7 54 A% A FIZAGGTATADIL
Flnsd b, 7 Ia—2&EOEMEICIZAGTTATAD
BisI238% > C, T OH—IEHLRINGBSSDHIMRNA 7
Bty IDOREERLETED, TOG-THREIE
WHRBHOREERZEOEZICEBLTVS I E2HS
PIZ L, AGTTATARLSIZE T 2 mETIE, 18°Clck\»
T25°C$32°C & b, JRAGBSSIEEY DO ER M T %
ZrERLE, ok, BRI B
AREEEZTEL, BRoEzElsy, DEvs
RICHEZRIET I LEBRGICHBRTE, KETRD
ENTe7 I u—AERORERIGEDERICH, In

oI A IRREZ DD BIR L 72 2 L osHfEgi I %,
HE3E KEBRLEMEN7ZIO—-RAFEICK

FIRE

HEHE 7 v —2&BOB%R» S, FUHFEHT
HoTH7 Iu—AGRIIHHBICEIZTD 5Nk (Fig.
-3). ZOEMEUZERIZ, FHANICE 2 HEHELE
MEICLY 7 I 0 —2AaRIEREL D EEZoNE
(Fig. T1-5). FHNIC BT B RSB IS X h ZOREE
PEREZZEFRIEDONT VS (R ERREL,
1968; M ETLIE, 1974). ZUIFERNICB T 2 HiiEE 4
P EBNCBICIER 238 5 2 &, & & ICHi A i
WL DB ENEL B0 TH B, BATEIEF 1F A7
B OFED BB L, FHEM o it 13 £ BATED
ENBMEEICH 2. Fi, “REBOFE IZ—KEHE
DFELL Y SHTEENZHAICH D, —REBEDFH
e ZREMOFIL L OBTEH 02X, Mz e
KEL RBMHARMSNT B (RS EEP, 1956), T
bbb, LRWERZIRICEEN B EE L EERE
R3H D, P O FEIELIR BB KL D P BEREE 1 72
M RESCHE LTV EEZONS, BARXOAA
PEHF TR, 7Iu 772 bR LMEER & 2K
WMo, B X OB OS@BIEL T 2
EBHSMZINTWE  (FEF S, 2000). I & B
(1999b) IFFRE+FHEDORE I X h BEE X OB LS
WRHEICZRZROTE D, Zno DRI ORHE
EERTEZRTREOEBIZE S HDEFHIT T
5. 2Ok, BEEEMEIC X > TRE~D#RE &
BAEEOBATICHZBH D, AUSARETH>TH
TRBERERL R AR T I A BRI D TR B A3
PO ORIVRMICENEL 2 EEZON

3. 2O &, ARETIREMIRR T AR O 59
BHAATHBRENS D, o, BEEEMEN DI
AL & AR ALY, TAEBERCmE <, B
F—RER I RE P72 05 biEHTE 3
(Fig. 1I-6). —77, 59BAFHMTIIT S 0 —2AGKICBS
T 2 FEA B & RS O TG MEDMb O SR 12 LE KR IC
B2 EDHS T 5T % (Umemoto 5, 1994), L
7oy T, REUBERLSC T DL R, O 55 B A0 1 3 I8k
DRENS L7290, WHOETTHLT7Iu—RADE
BBV RV, 7I0—20BREASEINZ L, HBRW
BEOEWVW? I —ATIa vEBHNMANH VD,
F—= b7 FIAF =0k B 7 In—RAEROUEMT
137 RS S B E 2 5 1 s (Fig. 11-7).
— N ABERIE 7 S e —RAE@mPP R uABR L E X
N2, 7IV—RAEGEDD 0 REHR RE
RiZE b E 2, U3 O RER R ICERK T 2 B
REEZZON5G, FEBIZ, —XREERO7IarS
LRFHEME Y, T REMRIIC R CTRERE IS, 7
LA ZF D EREL, BLRBREE N & h
5, —RIERIRE Z REBERLIC LR TRIKMEN S
EDRINTV S Matsue 5, 1995), L723->T, I
SEMARIZEZET Su—2{LIZREBWRICHLIZE
AEFG LWL EHERINS,

IN6DI ENS, TIu—AEROEHERIZE
PIRENTERNTHZ L, WoBEMBEICLD Bk
2ZEPHS D E RS, JWFEED X 9 I ERKIRD
il clx, ARME M EEF Lz %701
FHSBFNTH 5 KBRS EEZ VB TH T L
DEELEZOSNS, LENoT, BEHE LI
3o EEMREsENEEZ NS, i, Wl
BRICEWTE, —XEMLEOF WML AT 2 W
FEOMAVEELEZ 5D,
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FREICEWT T I 0 — A REOLHIEN % fEHT L,
GBRIRE L EmELREREHS T 2 L E b, FHAN
TOWEEMBEIZ L 2EZRSHS I L. 5, b
HERE LR IRBENER S 22D E 5058
W EBBETHD, TIn—RAEGROALLTK
W VAR & TSSO MIE > & b B
HDFEIRT B 2 ENEELEZ NS,

F—= b7 T IAF—2EH L7 I e —2AE5EOH
ESHEIZ, Williams S (1958)D /5 % Robyt & Bemis
(1967), Juliano (1971) 23R L, FaEE (1982) »SHEEHE
B 2BRTFIEE UTHEL L, K Eodak e 7
2EETHL. LrL, o-14-7AhrEavizEn
BE%E 620 nm OB—EREOBOGEIC X D HIET % 7%
O, PIV—AMAT7 IR FVLCEIBRI N
HEBLEENLMEMBTH S, Lo T, RET
HESNZDIERP»TDO7 I u—2&E (Takeda b,
1987) TH 5. FEic, avEBoEA v T4 h
KDT a7 FUET T 0 —AFOR VR (7
TERZFUVLC) ZEOIEBHONT, IR T I
H—A Lt LTHIE SN % (Takeda s, 1987) .

—77, 7 Iu—AEEOHMIEK (15.1~17.9%)
KOWTIEY R ERAa - 7FI54%— RVA) 1Lk
27LA 7T ET Iaxy FEMAEE S DM
RERRIAER, 7 I ur FUEHNS (B2+B3) &
X EOMHBERRAS, 72 uxXsFrE#ENS (A+B1)
LR IEOHBBERSRO s, TIuRIF ot
K& DSBS M & BB BIR T 2 LS T &
71T\ % (Han and Hamaker, 2001). 51, HDO 7T I
0—AEGRIIKRBOT 7 AF v — I LN 8
LORIZEST, 7300 Fr0aTHEEBR»d
% ETRBINTWD (Reddys, 1993). 2D LIHIT, 7
S n—2EEIZ1980FENRT TIIKRDOBWERET 2Kk
BEREELFERO DL LTERSINTE LD, RED
HETE 7 IaRIF b EFL7 I 0 —RAICISEHE
RERE LTMESITSNTWVS (Reddyb, 1993), L
7eD3oT, SHBORAHKMEDRERKICIE, RO T
T —REEOMELFTEATITHD, 7Iax
7F OB TGOS L DEELEZ
L5,

—MIz, KRB/, HXPRD 7% &R
PR EQCHEELTWD (114, 1971). 2 DYk
WCRRI R D7 S u—2AEREY UV HERDEREI

VRFERBRG AL 1275

ALHEE R D 57 R & PEE

BRLTED, 730 —20%0IEERDIZETL,
GUNRIENLIFEBI ML, BERMET T
3.

ALK I IRERER O BIRIZ R VA, 10 7 5BIE <
O3 cELLPTVLEDERBH D, ElhLicl
WRDHRBRKD SNT V5, EEHIIELER > S Z
LR £ Y, Ko ictbvuEbic & 2 MRty
DEADFE L %5, BALOETIZIRERE D KA D [H
Kz RRH % 72 £ 0, X oMY o e
WHETEEOELE LTHN, BRIXETT2

D& ) RYBE O ZITR T 2 8 0 4y R
BOWENRE LI LIZEGICAGRIN 23, BAM
MORIRIMEL 730 —2DERBE ZHITHE) &%
T 232 U T AbiRE kK 12 B 1 2 K880 0 4 745
EWEIZOWTIZHS 2Tl e\,

AT, JWEEBICE T 2 REWKD HEE KO E
BIZEMT 2720, g koTiRfEchds &5
5397; TZLOWYH | BLXUOHATHO THERI N
K7 20 —RARAREEIBEdullTH 21 B M
T, LMHEED ThE-2%6, OBMoOn T
WEWEZRNZ, B, AR LL TZLo
W, IIMEAWRNE bl Fb, L RA LG
MR DEdb4ss ) DF12EHE L, & RAauRiRE
D TES5397) #RELT, ANLKEL%EIT - Mk
RPSBEREINTZHDTH B,

F2f EBRMPELTHE

£11E HERE
AR REE TE55397,, TELoWw
O BLY T¥y TH5, BUE, dEEO KRR
i T&55397) BLE NFLOW®,; THDH, 2004
FEOENTHRERIZZNZTN44.0%E X U349%TH 5,
M) ME7 v —2ARRERIHdulle oL b b1k
DFFETH 5 BEGHEIZ L DR, HEHIVwTR
19974 T, At 3 1 AL 7 ) 1S
D HEERR IC X 2 b O TR (kg/10a) 1IN:
9, P205 : 9, K20 : 9TH VD, hlmfd & L <l
OMHEE ThE/-2Fb) 2RV,

$£21H HAHORBAE
A, BEEIURKEE (v iR R RER) iR
FHE0% IR L, BRI T LA ) BIEE (Takeda
5, 1988) THML 7z, BUEEIHIS X F LA ILEF >
Fick W iEfB LY ) =)L I S EiHE L 72 (Takeda
5,1986), 7 IU—A L7 IuR7FrONNIFEER
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Jit T CSchoch® 7% 7 —)L ik (Lansky &, 1949) DUk
(Takeda &, 1986) Tio7. 7 30 —Alsr DM DM
EXTVIE#E Y a2 + 75 7 4+ —(Toyopearl HW-75F,
HY —(HR)) (Takeda &, 1984) TfT> 7=,
E3E MERHEEDRE
PRy O XARAITIEPLEEE R EL (Model RAD-RB) 74
777 A= =" HOTHEL 72, HWELEME, X
J:.Cu-Ka (B vy—F/70aX—%—) XEFsEs%
fE:40kV, 100mA, FEHE L OHELRGIEAY v |
1°, ZXAY» 015 mm, T=FX—5—LEH
B 17 /mink L7z, B{LMEOMIEIX, Newport
Scientific Pty. Ltd (A—A FZ2 U 7)) #MDO Iy F - R
a7+ 749 — (RVA) Tiro 7. #BKI10% (W/W) D
R 25 g &2 7OV RIS ALL, 40°CH & FRHE3°C/
min"C92.5°C ¥ CTMEL, 150 MIRRHE, WHIBE 3 C/
minT40°C ¥ THEIL 7z,
FAE BHOLFHNRFES T
2 B 2 7 FEREEE (Larson 5, 1953) D
YR (Takeda b, 1987) TIT> 72, Hfili & SARPINBR
BIXOUB-7 2 7 — B EREE IXSuzuki 5 (1981) & Takeda
5 (1983) DHIETIT>7. &MOERIE 7 =/ — ViR
75 (Dubois &, 1956), FEI0H4 D & 1% Somogyi-Nelson
1% (Nelson, 1944; Somogyi, 1952) TfTo>7z, 7IB—2X
DECEHEAE (DPn) 1%, ®HEPark-Johnsoni#E
(Hizukuri 5, 1981) TEJILH %2 E R LRI RE &4
Moo BB L, £/, SRS VIEEHPLCHE
(Hanashiro & Takeda, 1998) THHEL 2, 7 Iu—2A
(Hizukuri 5, 1981) 8 X U7 S u X7 F ¥ Hizukuri &
Osaki, 1978) O F¥8HE (CL) 1%, THSmithsy gk ¢ IE
HILARME A ERT L HEE, 737 Fricown
TEA Y7 27— ¥ TRt %2 &Y % 71k
(Suzuki®, 1981) Tifr-o7z. F¥#HEUT DPn/CLIZ X D
Rz,
%85l FIO-ABLUVF7IOARIFVE
ISR DHEE
TIO—Z2D (ENL) SHEIOEEDA L
Hanashiro & Takeda® /735 (1998) TfTo7z. 73wz
FUYOBEENMHIF, BERES ALY Iu2 ST
7 4 — (HPAEC-PAD) (Hanashiro 5, 1996) & Hanashiro 5
(2002) DHOGEGR 7 WVIEWMHPLCIEICHELC 72, T 4db
L, 7IuRYF R4 mgE ZEHKL6 mLICHEE S
¥100°CTHIULL, 1 MFR#Ny 7 7 — (pH 3.5) 16uL%
mz, pH 3510 IMEFECTHEEL 7:1%, A V7 IT7—
X (M AEDLAEERT) 0.67ul (003 U/stEmg) %0

A, 45°CTISHMIBIG & ¥z, KiZ, 100°CT102RN
BLBFEzRIGESE, KbhTwmalL, iR
(TOMY CC-105, F 3 —LERAath) Clzaikl e L
7o, ZOHMBHI0% P AFNAFFT R 111yl %
Z, MEGAMRL 72, ZiucigKgouLE2-7 3/ €Y
Pr o (1gD2-7 2/ BV Yy REHSE) % 12MOHCI
TOULTIFME L 72 b D) 200uLZ M A & CEAL, 60°C
ERTCIREA v F 2 _—F Lz, 20%, ¥ 7/ K%
LR v FEF F U T LER @ERERNCS 7 KEMFD
FF Y7 L529 mgE KL mLTIEML7ZH D) %
200uLfll Z 24H5# 4 » ¥ 2 _—+ L, Z#NZHPLCHR
Bl RicCoRdBEAY T Iy 74 08—
Millipore LR 744 20.20um) THEME L, FEHK20uL%
HPLCIZHEA LT L 72, fEFEEIE L H A BHPLC R
> 7'PU-20801ZShodex OHpak SB—803 HQ (8x30 mm) &
Shodex OHpak SB—802.5 HQ (8x30 mm) 24 % ik L, #%
Jekritds (FP-2020, HAIE, MBH&HER315 nm, HI%E
P3e400 nm) TE (B V) AR &R AR (R1-2031,
HAS ) CEBEMMZHEL 72, BEHIE50 mM NaCl
BEL50% Y X FNARF Y FEHGHH0.2 mL/minT
BHEE 7, &8, »7LHEIZ50°CTfTo7%. DP
(degree of polymerization) | HOGIEHIRR & /R ZEJHITHEF O
BHBRE D & A7 S 0 —A (AS-10,  (¥k) KRR
M) ZEHEL LTk 72, SHTIE3RETIT- 7%,

38 RERER
F1E BROEHMLSEDRR

RVARMEHRHR B & ORI EfE 2 2 2 Fig. 1T
—1, Table HI-11Z7R L 7,

BIEBRIREL X,  T#) 2966°CTR AKX, fhodfi
FEIZ69~70°CTRIRETH > 72, REGHE (HARVU)
i, THELIEL BERLEV323, KT TE
297, TELOW®, 261T, TE5 5397 EHE
255 TH o7, RICKEIX, THELIFb) MBERbE
V186, RW\T NELOWwd, 155, T, 146T, &
55397 3RO 128TH > 72, IERE & IR,
BHEoETHITVLA T VIE, TR PROKEL
151, RWT THE2Fb, 137, T&556397) 127
THY, TELOYDD, FRHNZIWVI106TH o7,
NELowd, & TE6 5397 ORMMEIIRERE
IO bEC, REKE L RIERE DA TH 2 mHID
FERSI (v b w27y 1F, TELOW®D, BiRbK
F200T, RWT ME656397; 187, T¥, 133TH
D, TELIFEFL) FRH/PIWVITHo, TiZ
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Table I1I-1. Pasting properties of rice starches (10%) measured by RVA.

Pasting Max. Min.
. . . . Breakdown Setback
Cultivar temperature  viscosity VISCOSItY
(°C) RVU)  RVU) (%) ® RVU) (%) » RVU) (%) @
Hoshinoyume 69 261 155 594 106 40.6 200 76.6
Kirara397 69 255 128 50.2 127 49.8 187 733
Aya 66 297 146 492 151 50.8 133 448
Akitakomachi 70 323 186 57.6 137 424 120 37.2
a Percentage against max. viscosity.
Table III-2. Iodine affinity of defatted and non—defatted starches.
Todine affinity (g/100 g)
Cultivar A-B (A-B)/A
Defatted (A) Non—defatted (B)
Hoshinoyume 3.80 2.03 1.78 047
Kirara397 3.87 2.10 1.77 0.46
Aya 327 1.42 1.85 0.57
Akitakomachi 332 1.51 1.81 0.54
Table I1I-3. Todine affinity and amylose content of rice starches.
Iodine affinity, IA (g/100 g) Amylose content (%)
Cultivar Amylose Amylopectin Actual 2 Apparent ®
Hoshinoyume 19.2 0.5 17.7 19.0
Kirara 397 193 0.5 18.0 193
Aya 19.7 03 15.5 16.4
Akitakomachi 20.1 0.2 15.6 16.6

aCalculated by (IA defatted starch—IA amylopectin) / (IA amylose—IA amylopectin)x100.
b Calculated by (IA defatted starch / 20)x100.

Lo, £ TE556397, 13 THE/2FH, IR

%, 3 Thx
INSDT L5, B
ML, &

FrE55397, X THELIEL ) ITHRTRERED
L, AHABOMEMMBE W LWL EL S

$£21E AVFRFNHETIO—REE
K DR HTH: D 2 7 FERIRI1T % Table II-21278 L
2. TR, BBERHZO I IEHNDOESR L KE

400 — - 100
0 S S IO RIS 5 72 15,
200 | L 02 ZEL ) ERABREIKL o .
500 | B WL (3 SRR C 2 2538 0 5 1,
S 100 | - F oo &
== [
§ - —
> 300 | - 7
200 | a
100 | -

0 10 20 30 40 50 60

Fig. III-1. RVA Viscograms of rice starches.

Time (min)

10 20 30 40 50 60

A, Hoshinoyume; B, Kirara397; C, Aya; D, Akitakomachi.

ol 7Ia—20avEHNNIEZE, TELoWw
Oy & T&E556397) 1384192, 193 TH-o7%, 73
uxr7FroavFER L, TELowd, L '
55397 1FK40.5T THELIEFL D02ITHRT
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255 DfEi% 7R L 72 (Table I11-3),

BilgBmE L7 Ig—RE7Iaxz2Frnay
EFHRM Ao 7 —2482EHHLZ 7Ing—2x
E7iuxrFroavERNroROLEDT S
O —AEE (Table II-3) &, TELDOWD, 177%,
r%55397, 18.0%, "1 155%, "®E7:2%
51 15.6%THo7, £, 7InrFroavE
BRI ZERLCRD7In—2E&RIIE, TELD
W & TE556397) 919%, Ty & ThEZ
5, 1316.5%Thot. WTFNOREEH 7 I
O—2GEPEDTIT—RAERLIDOLEL, TFL
DD, L TE556397; 1 T, & ThEklFh,
Xy 7Iu—2EBBEPo .

3 FZIO—ADHEEEHSFIEE

7 20— RADFEME % Table M-4127R L7z, Hili & &
RPIGE R D FfEHZE NS Do 7z,

BOPHEAGE (DPn)  1F, Mtk & BOGERRHPLCHE
(Table 1I-5) TIFIF—HL, TE) (DPn ~1000) K
<, T&55397; £ NELOWH,; (DPn ~900)
X, T™@E/k-2Fb, LALUTHh-7. ThoDfEll
Takeda® (1986) 235 L 72 v R = A FEDMEIC AN
T, IUFEBNG, FHili, mARWIER, DPnE b

Table I1I-4. Properties of rice amyloses.

10000

£ 1000

£ 100

10

o
a

Detector response

£1000

£100

10

T T T T T T T =TT T T T T T
50 55 60 65 70 75 80 85 90 55 60 65 70 75 80 85 90 95
Retention time (min)

Fig. I1I-2. Molar— and weight—based distributions of amylose from rice starches.
A, Hoshinoyume; B, Kirara397; C, Aya; D, Akitakomachi; solid line, fluorenscence response (molar);
dotted line, RI (weight); @, DP; number with an arrowhead, DP at the elution position.

PRPNSVHEHETH -, FHHEE CL) X TES S
397 (CL290) 2%ikb &<, T, (CL 410) 25 bR
ot TES 6397 OFHPE (NC) 1o hifl &
B LThT»IcEhrot. B-7 37— oRE
2, TELowe; & TE556397) 1FK83% T T#,
& THELZEFL ) ORI T/INE oz,

T IR —ADFTRAMMZFig M-21cRm L%, 73
0 —2DSFRIAAE, TR E b BRI
BO(ENL) A EDICEM LT3, S ED
E—7JDPiF THELIFL) ICHRTNS o7, F

Property : : Cultivar : :
Hoshinoyume Kirara 397 Aya Akitakomachi
Blue value 1.32 1.31 1.35 1.31
Amax (nm) 640 641 642 640
DPn# 840 910 960 920
Average chain length (CL) 350 290 410 380
Average number of chains (NC) 2 3 2 2
p—Amylolysis limit (3—AL) (%) 82 83 85 86
DPn determined by Labeling method 950 940 1040 900
Apparent dp distribution P 3050 - 230 2970 - 230 3320 - 250 2890 — 220
aNumber—average degree of polymerization
YThe dp values of the elution positions at which 10 and 90% of amylose in mol were eluted.
Table I1I-5. Properties of rice amylopectins.
Cultivar Blue Amax DPn CL . f-AL
value (nm) Iso—A2 Smithb (%)
Hoshinoyume 0.07 527 8000 19 19 60
Kirara 397 0.06 528 8100 19 19 60
Aya 0.05 525 7600 19 19 58
Akitakomachi 0.05 524 9400 20 21 57

aand b, determined by isoamylolysis and the rapid Smith degradation methods, respectively.
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7o, &7 Su -k TE, OE—27DPIF, HESM
2370, # (EN) FMEIOTHROBKRED»S7, TELOD
W, DE—I7DPIX, "TEZFb, & TE55
397) OHEZER L. AT OHMMIE, wInomED
DP 3000~2307C (Table IlI-4), DPI000LL FD 7 I 11—
AT DEIGHT0%FEE % T 7z, DP1000LA T D
AR, ALHEE T TIXDP200~30025 b % £ 13.8%,
ZHIZRLT THELZEL,) IEDP100~2000 R b %
{14.4%, DP200~3001314 2% CALIEEMNF L D b b
ToICE LA LT,
F4E FIORIFUOHEESFRE

7 IuR7FOWEZTable M-512R L7, NEL
DWW L TE55397, OFE(MiIZ&40.07, 0.06T
MhE72Fb, IKHRTHOTICEP-, $,
NELowsd & T&5 5397 ORRKRIEE b &%
527, 528nm & THEIEL) IHRTHIDICH
noiz.

DPnlZ, 7600~9400T, (H&E7Z%bH, (DPn 9400)
PO REL, RT FE55397, (DPn 8100), i
LDOWH | (DPn8000)TH D, T, (DPn7600) 23D
INE Doz, EHEHE (CL) 1, A Y7 27 —X¥oR
%, SmithZffiE & b L @238 5 ke, dLiEE s
FMOVHEEIRZWITNGI19T, THEFLIFb) &0
I~ o7z, B-7 2 T 0RIREE, TIELo
Wy L TE556397) 23%460%, "#, 58%T,
TpE2Fb) BRLEWVST%THo7=, ZN6D
fifildTakeda & (1987) ST L7z v R = AMEDMHE & #H
BLTW 3B,

T IRy S ORMERS M ZFg.  TI-31TRL
7o, 7iuxsFvideThoffii b T iy S
Y A+B1Hi45y, B2+B3M4r &iEEH (LC) D3>DE—Y
DRD SN, BESMOKFE—7 DDPIEF{L 15~
16, 19~20 (¥ a/L¥—), 39~41CTMfEREIZRD 5
Nhdot, BRI GRS - FHEWTOHE %
KD 7AER (Table MMI-6), AFHEITIX, TE 5 5397 o3

=1

1275

10000
A

F 1000
100

z 10

z

o o

glc =

2 L1000
E100
F10

i T T T T U, T T T
60 70 80 90 100 110 120 130 70 80 90 100 110 120 130 140

Retention time (min)
Fig. I1I-3. Molar- and weight-based distributions of amylopectin unit-chains from rice
cultivars.
A, Hoshinoyume; B, Kirara397; C, Aya; D, Akitakomachi; solid line, fluorenscence response;
dotted line, RI; @, DP; number with an arrowhead, DP at the elution position.

RHA235.0%, ROT T 36.6%, "HEH-IF

51 36.9%, "ZLOWD ) BPHEHBLW3IT.1%TH-
7z,
BIgHHEIZT X, TIELDOWdH | Db H136.7%, R

WT TE556397; 37.6%, "HERTFH, 38.6%,
¥, DPRb%\»39.5% Th-o7. B2+B3#HHIT I,
%, b P70 22.2%, RT HELOWD |
22.5%, T&55397, & THELIEL PRZ VL

Relative peak area (%)

70 5 10 15 20 25 30 35 40 45 50 55 60 5 10 15 20 25 30 35 40 45 50 55 60
Degree of polymerization

Fig. I1I-4. Chain—length distributions of debranched

amylopectins from rice starches determined by HPAEC—PAD.

A, Hoshinoyume; B, Kirara397; C, Aya; D, Akitakomachi.

Table ITI-6. Carbohydrate amounts of the fractions of isoamylase—debranched amylopectins.

Carbohydrate amount (%)

Cultivar

A B1 B2+B3 LC
Hoshinoyume 371 36.7 225 3.7
Kirara397 350 37.6 23.4 39
Aya 36.6 395 222 1.7
Akitakomachi 369 38.6 234 1.1
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Table III-7. Molar distributions of unit chains of amylopectins.

BT3B RR L 05278 & AR I B9 2 02 17

) Amount in mole (%) Ratio

Cultivar
A+B1 B2+B3 (A+B1)/(B2+B3)

Hoshinoyume 913 8.6 10.6
Kirara397 91.3 8.5 10.7
Aya 91.7 8.2 112
Akitakomachi 91.0 8.9 10.2
23.4% CThH ot 7 IBRTFYLCITHYST 3 HAKL " /«%
WEE, (BEEIEL) PRLSHVII%, KT \5;
%, 1. 7% TEHBIKIBETHo7, NILOW gl %'/f Akltakomachl
By 3%, T¥55307 9%, ThErxs, o F g % \ W/ R
35 LTH R, s, B (EV) DD RO T g 'V\ 'm“\ ava
27 FABIIST (FISH) & B2+B3MIS) (RE) O g f\/ﬂ M, ﬁ?‘xagm
We, BLXDOY 25—k ) OBBIHILTE B W”/ M) Mo,
JEEH & E# DO H(A+B1)/(B2+B3) (Takeda & Hanashiro, \»/ Hoshinoyume
2003) IZDWTHIE L 72 (Table I-7), 7 I w7 F v M\,/ﬁ’)
HAHZThoREL9I1% U L2 L, ThEkZF

IR TEE R TR <, TR BRSO 3 9 5 21 27 33
91.7% Th-ote, 7IuRIFUVREIF THELT X 20 ()

51 89% THLL L, B, BRLPHVE2%TH-
72. (A+B1)/(B2+B3) X T E4ZFH ) 102THR DN
X<, T BF112TRLKREL, TELOowd,; &
&5 5397, EZ2NFN10.6, 10.7T TH&E/TF
Lt T offich-o7-, BlEEES Ay 70<
k29 74— (HPAEC-PAD) IZkbhEohrz7 IR
7 F VAR % R L% (Fig. 1I-4), DP55% T
i ClEWINOREE b EDLOTHLL ZHEEST
L7, ThERLIEL) 2HHEEI, ML DOH
oD%z ROER (Fg. -5, Tkl
L IHRT NELowe, , TE55397,, TE
IZDPOLL T DRSS <, DP10~30% 472 WHIANIZ &
0, DP30~55F CTOZEIZHAKETIX 7% d>> 72, Hanashiro
5 (1996) DFEIZ L Y, fa (DP6-12), fbl (DP13-24),
fb2 (DP25-36), b3 (DP>37), (Z47ilii L &5 D AH % i
Wiz ol U 72551 (77— ), LK I3 % 31%,
49%, 11%, 8% Tl IZFRD S eipo 7z,

Fig. I1I-6. X—Ray diffraction patterns of rice starches.

0.3
0.2 A
0.1
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Relative peak area difference(%)

6 11 16 21 26 31 36 41 46 51 56
DP

Fig. I1I-5. Comparison of the chain—length profile of amylopectins
from rice starches.

A, (Hoshinoyume — Akitakomachi); B, (Kirara397 — Akitakomachi);
C, (Aya — Akitakomachi).

$£51E XREHrIC L 2R OERBEDRR
iy
LRI O XM X % Fig. 111-6 (278 L 72, XHkmlyr
M x, KHEE TS b PARTH 2D
NLUT, JWEEEO3 M E DIEIRIED 51,
HidaBR L BBALBRMZITH U METH 5 5, HeaBiic
PRDEND I L5 Calll (AT uxcﬁ'l) &CHIT L
7-.
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B4fT EE

g LEAETH 2 TE55397,, TFLOW

O] BIMME7 S0 —ARRERYHdullZHET 5
M%) CRKHEED ThE-2 kb, 243010, B
DI FRERE D WK & 175 72, AWk 3 s o W o i
I Ccatl, ThE-Fb) BARZRLE, —#K
IR IE Py v a s RIcRBESI NS ARERT
S, ARFEBIHEEA U 72 A0EHE KR O K 23S Call 2 7R L
FENE LTERIMoKENEZONS, Thb
L, FBE L % 19974 0 BT 1 FR 20 AR SEHE T,
HEi 15 HR O FEH AR A318°CT, RIS R T2 CK
{, OB FED24%RETH o7, Hizukuri
(1961) 1FFHHEYAL X2 AV EBHT, 13.5°CTHRYEET
LCTELBIZBAL, 30°CTAM, 225°CTIZAMIEB
RZIFERREALCHMEZRT L, £/, 7307
FA MY VORELFERGEREZEOBIRY & IRE LR
EREVIEEARIZR LTI E2RE LTS, 2
DT EDS, IR L 72 199 740G PE Sl T 13 8 2
MOEIRERIC L D o caflfifGz2 4L 2b 0
LI NG,

BEo7Iio—2&E81Z, TELowd,, TEs5
397 DI8%T ¥, , THE/LIFEFH) XDK2%E
otz dGHERIZFERICERT? S u—2 &8
L, TOBERE LTERAREOR NI EXZEIT S
T3 (fiid, 1988). TELOWd,, T&55397;
i ThEhIEs) IV 2%EL-D, T, &
MH&7-2F6, WThH, K7 I v —RARALERY
Bldull H20: b B Mo MR S AR O R MR
BHICEWT7I0—RA%2 KT IE27-0HEEZ
L5,

RVAIC K 2 OB LRI TZLowe, ,
F& 5 5397 TREMEMEL, 7LA 787 VHV
S, WHKEORSERNAE Y, TRy, ThEik
CEBH ) IERERELE S, WHIRE O R RN
ol Ko7 Iu o R, B o
2RI 25D THD, BRZHEET220ICEDLD
TEETH S (Kurasawa b, 1967). dLHERKIZE T 52K
Vo7 a7 AOREIE, REREIMR, LB
AIREDSEN, kv by 7 (AR IR ) 28
BWI EPRHMEE LT o d GEF & RIER, 1963).
T IO —2AEREMECIEET IR ST LDRE
KEEDSEODS, (K7 I 0 —ABRERIEdullZET 5
FIR D EREEE X IEF KIS IR TR W 2 E SRS
NTw3 i, 1988). ZOERIE, K¥hIcHET B

RERRGWME  F127E

a-7 2 7—¥iEkoEROMu, 77 —EEHER
2 ORGEICD ZDEKDDH 5 LHEEINTVS
(B, 1988), L7:235T, Zi15 DERILERE 2B
D TREENBEE L TwE b D EEZ s N,
7Iv—20avEHNNE TZLowsd,, TXZ
55397 BRI9T TRy, THERLIFL) khbT
PINE Do, NHELoWwe, & TE55397; DO
BRI B T2 a v RBMNDEZ, T#) L THE
ZFL) LI ErS, TELOWD, &
rE55397) BIREET? Su—20BE&EBDRVD
EERRLTED, HHIRORERINCEEZ KIFLT
WEHDEFEZ LN, BTHEAE OPn) & NEL
DWW & TES556397 B THELZFH, LITIFH
L (~900)T, %1 (~1000) 23R KE»ro7, F
BEEUI2~3TH o7 B (V) oAn i AniEE3 R
L ThHhELZEL) KDEAP-., ZhonZ &
5, L ESEO7 S u—2ADfEI: THE I %
L) LHRTRELRZEIZROoNT, ILEREOE
LR dwiEER7In—20f&Elrb7In—2
EERNEWI EITMA, R XHlc7iuxy
Fr DN FREE LOENIZE B D EHEZEI N,
TIuRZFroATRHMNE TELOWD, ,
rs55397, 250.5Cchh, ¥, TbElF
5Ly kb2 5f513EEL, DPnld THEALZEH
(9400) 3K E L, T (7600)2/ NS o tz, FHHE
FAEHE3 N REAN9T THELE b kb i1~25k3tE
, B-TII-EOMIREIX THEHEL, XhbT
WICE o, T&556397, 13 ThELIEL, kb
NCPEHEEIHE L, DLW L@ DR, <
DI EDB-T 27 —EFMRBEDIPAED > T HER &
LCEIFons, Zhonlihs, NELOYD,
ETE556397) D7 I0R7F V3 TFITIZLC (Takeda
5, 1987) DED%\» EHEZ I N, HERICS VIR
HPLCIETT S u X7 F v BRI 2 R,
LEERD NELowed, & TE5 5397, 1337 EB
MO SRBINAET I ORI FVLCHELET S Z &
PBHELE RS, 7IaxX7FULCERIZ, TEL
DPH, L TE556397, 13 THELIEL,) ICHRT
W35 chot, i, INH6DTIURTFUVLCE
wmi, K EEATH (2000) 2YRE L72R 28 A D3T%
EERBREDMETH > 7. Inouchid (2005) IZRVAD X v
by 7 ELCERBOBICIZE WIEOMHEIEIRS S 5 Z
EEHLPICLTWE RS, TRLOWwD, &
r&5 5397, 28 THELIEL ) ITHRXTRVADGH
REDOR RN DSE o 2B E LTT 2 r7 FVLC
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DWENEZSND, E5ig, LiFEKkDO7 Iny
FUI TR — BRI T OB THE T FD
IHRTEH W EDHERFE LT, WMEBZE M T
Lowod, & TE5 5397, (ZIZIFE U HEHTH %208
M%) 1 ZALE KR O T b T AN < BRR B DMK
WZEHS, BHRELHEL VWL EEILNTL,
DEloz s, ™, o7Iiu—X&8IE THE
7ZFb) LEURBETHD, fhodbimEsifiic i
WHIRORERMbSEI N TS, L, ThE
<2 EL) XD LWARORER TS, R
ELTR7 I — RO TR T Iy FVH
MR DA OWEEZIF T3 2 EPRBR I NI,
JLBERIEZINETIC? I 0 —RGRETEKL, H
—EHRTH > THYMEL BREED R 2 F6I25HUA
INTE, AEOFERD S, JWERiciz7 T e
JFVYLCHHEAET LI EBHO L ERoT:, Thb
L, R EA—7 30 —X&8BTHoTHYEDPE
RN B 2 ERD—2 L LT7 IaXTFLCD
HHEpEZ N, LENE-T, 638K LR
HigL BB R ZITI 20k, 73y Fv
LCOBZEETZRE, 7IaX7Fr0yiiEc
EHLBKFEOMLLSNETH B, £/, EodH
MO IE 7 = v — A& & FRICIBH O3 TR
HELEb-oTE D, BAWMOMRE M2 bEE XD
W D TG IS SUT T E R BT 5 2 Lix, 5%
DIHERD BRI It > TEDLOTHEHELEZS
ns,
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VRFERBRG AL 1275

A LD RD 7 S R F RATEERIA & LCERICRIE T

L8 #S

ST IR ALIRE R IR O > TREG & R 2, db
HERICHD 7 I uRIFULCHEENTWE Z L2
52icl, FEOBERD—2ELTT7 In—RAERIC
GEENDTIORIFVLCOFERIERL /2.

deigiEko REWAKREHETEBL V24— 7 F
FTAY =L BT I u—RAERBOSHIE, 7TIn—X
GRERVPPEHIORE 2R E LT, a7 EEBETH
L 2R ZIER 620 n m DWRHEEDL S 7 3
H—R2AEGEH (ZITERA»TJDO7Iv—RE&ETH
%, LFRU, pixZH) ZMELTVS, ZDd,
BAWRDOEKTIEI7T I u—2GRBICEENS T30
R FVLC (Takeda®, 1987) EGEDHEEIZ DWW
ATy, dWEEEERBES TR, TIn—
AGERPY VRN IEERL ERICEEN DS AN E
BRERERRIC X 2B E2ToTCERLD, THETOD
EHBRICBWT, TIa—2&ENARETH-T
b, BRPYHWEESRL 2 bOPBREAIN, 20D
BRI S 2 STV R,

K EATH (2000) 1F, 7 I0R7FUVLCERNS D
VEERBUII S, BN EME NN, RVAICKD
W7V A 75y v EADOHBZRD, BHALO B
EPEICLCOBG 2R L 72, ¥ 512, Inouchib (2005)
IZRVAD X Y b Xy 7 L7 IuxyFVLCEREDMIC
BIEOEEZHBE 2RO TWwWa, £7, Horibatad
(2004) (EAEHARTE R S LRI W TIRELBR O
7IaxX7FVOF. AR (EEE~120HEG) LT
SRR FULCERE DBARIZ KL, KOEA
W2 RSB L TS & RIS T 2 51k % R
ELTWw3,

JLHRER I EREEMEL 7 I v —2GEPE (6
2F), ZDT7 IR—AEGHERIIET IvR7FULCER
LEENTED, 7307 FULCIE EBDE D IR
KOVBLEE & BIfR23H 5 2 L5, JuiEEkoy
HWREEIC 3 EMREMES 7 I v -G8 EH W Z
EICMAT, 73Iu—RAERICEENL T IaXRTF
VLCOWENH D EEZ NG, —H, TIuxXF
YLCIE7 S u—RAEHEEE & OBES I T 5
(Fulton, 2002; Aoki5, 2006; Hanashiro®, 2008) . 7 &
O—2DAEMIZEMObL LHEEEXETS T
(wx) FE| DBBTFEVITH 2 WS ST & R
(Wx%Z V878 I2& b3, wxEDBEBTHEYTH

ZWx¥ U7 E 7 2 u—2AEGEOMICIZIR OB
WO LD (Sano, 1987). WxF v 7 HEET I a—
A ERITBAWIMICE T 2RO S IIG U Tms
% Z L3RS 54TV % (Hirano & Sano, 1998). Inouchi
5 (2005) 3T OWXY R VB ET I aRIF v
LCEREDMICIEDEREZEMEZ RO, o7y
78 X OO E 2 12 81T % IR O RELEH I,
7 I a7 FULCERD0.0~13.4% D P THBLN IC
FHLTWBE I EZWHLLICLEL, IN6DT L
5, 7307 FULCERDMEHIZMHEDOERN S
FEEMORIROBREWET 2 LEEI NS, B
BROREE L LTIERRESRE R ERDO—D L7k
B0, TNETIC, 7IaRI7FUVLCEHERICKITTE
AR OB BT 2 13,

ZITARETIE, 7307 FVLCERICKIZTE
AREORE L ZoREMEZHS LT 2720, I
FHER I N dupERNEZ KL, ALRRE%2 M
H USRI % 70 2 IS0 T#5% L, Hanashiro
5 (2002) DHOGEE 7 VIEEBHPLCH: % F TR L
7-.

F28 REMRBLUAE
E1E EBRME
20044FPEDBERFEE LT, T&55397,, TELo
W, TheeolFL,), K7 e —2ARREHR
dullfE (LLF, 7 Su—2AffE) &LT, T&iFsr-o
1, "B, THP0D,, NRECKT IT—X
B rIL¥—r4—rv) BIUOHERRH4RMZ AL
7o, BRI 7RV Ay b (159x190 mm, FHF200
cnd) IC3ARMHZ 3R TR L, &2MECRiE L 72,
HMETE=Z— WA ANTHEEL, BRI 7320
Ry bz BIERRALRREICEH L, SRR E
[°C, B (FHI9RE~FHSRY) / B/ (PRSI~ FHi9NF) ]
34/28 (HH), 30/24 (H), 26/20 (M), 22/16 (L) TH#sL
7o, 72720, TE565397) OAEMIHMEIEE29/25
(H), 25/21 (M), 21/17 (L) THHF L 72, IR, Bon
TeXKk#E =L 2 b (Kett) THIEHE90% £ TR L,
TV 7 ) IZEYE (Takeda &, 1988) TR % SAHL L 72
7 2u X7 F D3 HIZSchoch® 7% ) —)V ik (Lansky
5, 1949) DR (Takeda &, 1986) TIT - 7z,
B2 FIONRIFUEMMERSHODT
AV T 27— THEYIYD U7 KBk o AR 4
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l&Hanashiro 5 (2002) O HOGHEERR7 VI EHPLCYE 12 #E
Ule, Thbb, 7MY REECTHEL ZKREN 4
mg% 2K K1.6 mLICERE S 100°C TR L, 1 MEERZ
Ny 77— (pH 3.5) 16uL% il Z, pH 3.5120. 1M T
LM, AV T2 7—X (MEEDLEDIR
0.67uL (0.03 U/akklmg) Z A, 45°CTISRHISIG S &
7o, RIZ, 100°CTI0EMER L %2 G S &, K
THHIL, &OEEE (TOMY CC-105, b I —T2kk
Aoty cizistk e L7e, 2 okl 93 Egfisges
JHE FRRIC M L7, o33 g T o 7.

SB3E1  KREREER
B1E SREEINRVOHEMUERSMIC
RiFITRE

defREko T EE TE 5 5397 2L T, B
T FE A3 IR O AR SR 3 A6 IS S TR B 2 AT L 7z,
Fig. IV-112i34 V7 3 5 —X T Y L 7Kgk o
R oA % BRI RN R U7, KR o 84 1
W7 S —AERICHY T 205 (7Iv—RA+7 3
OR7FULC), T IuRyFUEMMS (B2+B3), T
TRy FVEENS (A+Bl) D3IDDE— 7 DEEL
7.

Table IV-1CHEBDMICE T 2 KMTOEEERL
7o, A+BIlHEZTIE, KiR64.0%, Hifk67.3%, ik
67.4% &I ES WHHIAITH - 72, B2+B3Mi L, K
M17.8%, Hiii18.3%, Mili20.3% &ELIZE% D>
. —J, TIR—ARLT7IuXRIFYLCOEITIE,
Kih18.2%, Hili14.4%, mii12.3% &z &Pk
ot ¥, BESMICBIT2EEDOE— 7 EA
fE&Fig. IV-1ICR L7z, 73 0—2+7 307 FVLC
WioriE, fKiR1560, k1350, Sifi1180, B2+B3iHsy
1%, KiR39, hiE42, Eif44, A+BIESIE, {Kif16,
hifile, @milil6 TH o7, Tabb, SAENRLELL
AWIEET7 I —RET7IvRIFVLCOMSTDESA
JEIZ/NE L, B2+B3ITIREIT PR AR E L, A+BI1H
AT D 520> 7z (Fig. IV-1). Table IV-21Z#( (€
V) DIICET &M OEEGZT L. A+BlHIZTIE
#190% % %, A+B1HlioY 13 GRS RV IE £
%<, B2+B3HIEEAMMIREDE VIZESL Do
oo 730 —R+7 07 FULCHIGIE, EiRIZE
D70 2 (Table IV-2),

F21H ERMRAEELZIORIFVOD
BHHRAHELCEEICRIFTHE
Fig. IV=2I12 T& 5 5397, OBME I 7 I urF

Amlose+LC B2+B3

Detector response

| 1
T T T T T T T
60 70 80 90 100 110 120 130 140
Retention time (min)

Fig. IV-1. Chain-length distributions of isoamylase-debranched rice
(Kirara397) starch produced under different grain-filling temperatures.
Grain-filling temperature (°C) of day/night; H, 29/25; M, 25/21; L, 21/17.
Solid line, RI (weight); dotted line, fluorenscence response (molar); @,
DP; number with an arrowhead, DP at the elution position.

VORNERESMOERN M Z R L. £, B
BRSPS 7 I 0y F U OBENZ G TRD
L7 iu—A0ESHER L, 7IuXsF U
RIBEEARICIE, 7 30— RS HEH T 2 e IR R
70~90%r D DRO~90571Z, W F DB IR 1
BT 7IuRI7FUVLCOE— 7 035D 57 (Fig.
IV-2). Table IV-UZ &7 DBEESADOEGZ T L 7-

7 IR R F U DA+BIET L BRI EIE E

Detector response

=TT T 1 T
60 80 100120 60 80 100120 60 80 100120140
Retention time (min)

Fig. IV-2. Chain-length distributions (weight basis) of
isoamylase-debranched amylopectin and starch of Kirara
397 cultivar.

Grain-filling temperature (°C) of day/night; H, 29/25; M,
25/21; L, 21/17. Solid line, amylopectin; thin line, starch;
dotted line, amylose.
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Table IV—1. Weight distributions of unit chains of starch and amylopectin of Kirara 397 cultivar.

Grain filling A+B1 B2+B3 Amylose + Amylopectin LC A4BI
Sample temp. (°C) (%) (%) amylopectin LC (%) iB;?)‘
Day/Night (%) (B2+B3)

Starch 21/17 64.0+£0.5* 17.8+0.4 18.2+0.6 3.620.1
25/21 67.3£2.3 18.3+2.3 14.4+0.5 3.7+0.6

29/25 67413 20.3+0.1 12.3+1.3 3.3+0.1

Amylopectin 2117 75.8+1.3 21.7:0.4 2.58+0.89 3.5+0.1

25/21 75.2+0.8 23.5+0.6 1.30+0.62 3.2+0.1

29/25 74.4+0.6 25.1+04 0.48+0.27 3.0+0.1

*Mean = SD, SD = Standard deviation (n=3).
Table IV-2. Molar distributions of unit chains of starch and amylopectin of Kirara 397 cultivar.

Grain filling A+BI B2+B3 Amylose + Amylopectin LC (A+B1)

Sample temp. (°C) (%) (%) amylopectin LC (%) (B2+B3)

Day/Night (%)

Starch 2117 90.5+0.3* 9.1+0.2 0.4+0.1 10.0£0.2

25/21 90.0+0.2 9.7+0.2 0.3+0.1 9.3+0.2

29/25 89.2+0.2 10.5+0.1 0.2+0.1 8.5+0.1

Amylopectin 2117 91.7+0.2 8.2+0.2 0.11+0.02 11.2+0.2
25/21 91.4+0.1 8.6+0.3 0.03+0.01 10.7£0.2

29/25 90.7+0.2 9.3+0.4 0.02+0.01 9.8+0.3

*Mean + SD, SD = Standard deviation (n=3).

D7, B2+B3MIFEAMIMIRIES R VIZES L,
7 IuR7FULCERIFEE2.58%, Tik1.30%, &
1048 % TEHAWIMIRE AN\ IE EA %o 72, Table
IV2IC BB D8 (BV) SOEGZR L, 73ia
R F v DOA+BITISTIZ0% DL 1% (5o, BRI
PEWIEED ot FX, 7IvTFVA+BIH
4y EB2+B3HIy DEILEL (A+B1)/(B2+B3) 12 B SR
REDBEVIZ ENE o7z,

INHDIENS, 7IuRTFUOEESMILE
PHIRIEEIC X D EB L, 7 I u7FULCEIZEH
HHoOWREREVIEEP RS R EEZNT, —
Ji, TSR—AGBPOLT IURIFVLCEREEL
FlwZEO 7 S u—A&EIE, HEDMM TR
TEDECIEED o7, B (BV) DATIRER
DR THBR 2 EAIERD s ko, kB,
TIaR7FYLCOERY % T % TH - lIZ#E
WS 2HMEEHZEZ 6N D, RFETR SN (£
VY DO T T uRyFULCEHEIIBHEE O R

WFWETH 308, KIEXD7 2 a7 F Y LCOBFEY
HAE%, A+BIHZOERE% % T % TE - 7l
E—J7#HE16ICWIET 2 ELTHRAELTAS E, T3
07 FYLCOETFHEAEIINI6OTH >, I
5 OAfilx, Hanashiro® (2005) A8 L 72330-490(2 3T
WEE R L7z,

$E3E FIORIVFVILCEEDEMEM

BREICNT 2 RERD
ALE I BRI L2 X 2720, K7 v —R%ER
BRI Edulle BT 2E7 S0 — A WO E K % D T
w3, L2Ll, 7TIu—AG20BAMMEIREICX %
EEIIRE T 27 S n—2 B CcRZ 2 2k
PRINTVB 3 EHILS, 2005). 2D, REWXKD
G AR I B PRI I B S U { wimBEDSR
Hons, 2T, WBETERINLT I u—AE
HOBL 2B ERNEED TS VXF—2 14—, 24t
AL, BUWREIRES? s —2EGBBLU07 IR
7 F v OESMICIIE T WET L 7. Table TV-3
IR AERRE O ERHMREN O 7 S v -2 52 %R
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L7,

7 Iu—AERIEFOTNOMEE D AR
FWVIEEERT LD, ZoZH)iRss Rl cRg-T
Wi, @EFRAARIREOFE T S n—2 &/, T3
LOWD | BRLEV16.1%, THR0D) DI
W4.6%THoT, T, BEMREEZNZEN16%,
81% & KERENHED SN, R, HEDA%ET 2
07 FA+BIEG, 7 07 FUB2+B3MT, T
SR—AMES (7 IV—A+7 IuRTFVLC), BLY
7IiuR7FULCHAICEL, BHHREIC X2
M5y D2 B i 2 LR R A 1 VI i & BRHE R A2 TR
L 7z(Fig. IV=3). &8, ZNZTNDI T —N—|3EHE(RH
MERL, ZOMEBKEVIFERMBEMZERLES V., A
+B1H A IEARE X (L) % B & EEE ST L, B2+B3il]

23

EERIFEEM L, 7Iv—RA+7InRsFV
LCHZ IFEIZ T L7z, 72 ey F VLalioix
Bpdo7iuo—24E L RAKICERIEEET L X,
B2+B3lIZA+B1lZ T S R —A+7 I uxXr F v
LCHIST I R TRIER D ENNS oz, £z, 73
OR7FVLCHZIE? S0 —R+7 I BT F VLCH
RTINS <, WX D b SR
BB KE LI LRI N (Fig. IV-3).

F41E FIO—-ASERLVT7IORIF
VICEEICH T 2ENIMEE L REDS

5E
TIO—RERELET IURYFULCE RGN
RELRED LS S DML Z T 2002 HE D
2T B0, BHMIEIRE & W2 HHE S E LCHE

Table IV-3. Amylose content (weight %) of rice starch differing in grain filling temperature

Amylose content (%)
Grain filling temperature

Cultivar L M H HH Mean SD CV (%)
Hoshinoyume 19.7 16.0 152 13.6 16.1 2.6 16
Nanatsuboshi 16.6 142 12.3 10.1 13.3 2.8 21
Line D 14.5 11.5 10.0 9.0 113 24 21
Milky Queen 11.2 8.1 6.8 6.3 8.1 22 27
Line A 9.8 7.5 6.1 5.1 7.1 20 29
Line B 149 9.7 55 44 8.6 438 55
Oboroduki 13.8 8.8 4.7 3.7 7.8 4.6 59
Line C 159 8.8 55 44 8.7 52 60
Aya 10.3 53 2.7 1.7 50 38 77
Ayahime 9.8 4.6 24 1.5 4.6 37 81

L=22/16, M=26/20, H=30/24, HH=34/28°C.

SD = standard deviation.

CV = coefficient of variance. Calculated by SD/meanx100.

Table IV-4. ANOVA of temperature during grain-filling and cultivars on amylose and amylopectin LC contents.

Content Source DF Sum of squares FRatio  Prob>F Rsquares N
Cultivar 9 282.1 314 <.0001
Amyl Filli 0.95 3
mylose ome 2422 809 <0001 ? ’
temperature
Cultivar 9 18.8 25 0.03
Amylopectin LC Filling 0.77 38
543 21.6 <.0001
temperature
Cultivar 9 2879 142 <.0001
Actual lose* Filli 0.86 38
ctual amyfose e 63.6 94 00002
temperature

ANOVA, Analysis of variance.* Calculated from (amylose content—amylopectin LC content).
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Fig. IV-3. Amount of each fraction of debranched starches and amylopectins from 10 rice cultivars

produced by different grain-filling temperatures.

Grain-filling temperature (°C) of day/night; L, 22/16; M, 26/20; H, 30/24; HH = 34/28; error bar, standard

deviation.

[BlF I & D I L 72 (Table IV-4),

7 I u—RAERICUTTEAIAMRE & R0 E S
F30.95ThH H, WMEOFEE 1L L Mg T,
TANMRE OB IINED26f5TH o7, T, T
T UARYFULCEHRICKIE T EAMIMIRE & D7
53130.77C, EAMMREOFE L MHEDS 65T
ol ITNHDOI LG, P7IV—RAGELT IR
A7 FYLCERIGMEL D b BRI OB K
XV EDBHH LM E R o7 (Table IV, —J5, 73
B—2AEERNPET7 IuRIFUVLCERELWIEEDT
Sw—REEE, FRHMRE X D b REORENK
Eolc (Table 1V-4), 22T, &FallilX L, M,
H, HH) OVETAHMIREL, 23, 27, 31°C%
19~23°C, 23~27°C, 27~31°CD3 D> DX}, %
NoDORXMICB T2 7 I uRXsFULCERD1°CY %
D DB R % KD 72 (Fig. IV-4). Z DFEHR, 19~23°CDH
P TIX1°C4 72D 0.542%, 23~27°CTlX0.152%,
27~31°CTI30.037% T, KR EL1°CH7h D7 I
R FVLCERDEHPRE o7, Ld->T, dk
HE O X ) IRIRGE TEAT 2Tl 7 S ey
FULCERDPEF LT W EEZEZ SN,
xic, ML RO 7 T n—2AgRET7 IR
7FVLCERBLUVHED T 2 u—2&E% SRR
EERNCR L % (Fig. IV-5). RAZERE, 73Inxy
FYLCERIFVTNOME L b FANMIRE N E N IZ
E&po 7, FA—BRWMRECE T2 72 F
YLCERDMEMZEIZ/NE {, wIno Hffb I 12IEH
HToHot, —f, TID—REGRBIVHEDT S

0.6
0.5
0.4

0.3

Increase amount of
amylopectin LC (%/°C)

0.2
0.1

o] .-_

19~23°C  23~27°C 27~31°C
Temperature range of grain filling

Fig. IV-4. Relationship between the temperature
range of grain-filling and the increase amount of
amylopectin LC.

The temperature is the average of day and night.

O —2&ElE, BAEICHXTE? S v -2 T
<, RHAZBROTERARNRESE VI EKH -
72 F, BN OE? S o—2AWficoEL, 73
0D—2&RET IR FUVLCEREDOBEFBEHRH L -
(Fig. Iv-6). HHBIMREUS, BEMTE r = 0.959 (p<0.001 n =
8), &7 I m—2HE r = 0935 (p<0.0001 n = 14) TH
D, VINLERAEOMHEPEO N, 7Iinx
7 FVLCEROHFIIHRNE LK ? S v — AR TE
BRSO SNRVY, T In—RGRIERRICIERT
K7 iuo—2MThhhrot, Dk, K73
O—ZAMEEESEC R T I e -2 ICED S
TIuRIZFVLCERDEIGDEH I LRI N
7.
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Fig. IV-5. Relation between the temperature during grain-filling and the amount of

amylose or amylopectin LC.

® Low amylose

5 O Nonglutinous

Y = 0.177+0.425X
4 r = 0.935 p<0.0001, n = 14
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s

Y=-5.942+0.716X
r =0.959 p<0.001, n = 8
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Fig. IV-6. Relationship between the amount of apparent amylose and amylopectin LC.

BAET EE

7 IiuxXyFvRMEESM & LCEHRICIUT T EA
AR DF 2 % Hanashiro 5 (2002) DGR 7 L
JEHPLCIE TR 7, dupEko FERfETHE 155
5397 D7 I FULCERIZ, KR (21/17°C)
2.58%, HRIE (25/21°C) 1.30%, TS (29/25°C) 0.48% T

BHWERENECIZ E S o7, 2D EnS, 7
TURZFVLCH T I 10 —R kAR ISP ARIREE A
I EMT 2 VA ERS, £, T3
a7 F A OA+BIE S & B2+B3 O ERILE
X OEIVH (A+B1)/(B2+B3) (3B H MR E AR 1 E
REDp ok, N6 DGR, EEFHS N duiEE
*SDE@E4%/L%JQU\\JI/3? 74— a5
BAE R 6 LS Nz, 2 2 CoXBMAMIRE X

22/16, 26/20, 30/24, 34/28°C(E/K)Tiro7., 73w
R FVLCEHERD VSRR 1°CX4 72 ) DZEH)
=¥, 19~23°COHiBHT0.542%, 23~27°CT0.152%,
27~31°CT0.037%TH H, KHIZERE P>, 0D
e, dLiEO X9 I BRI 2RV U T
E7IuX7FUVLCERPEMLSTVEEZON
5.

—7, &7 o —2AFEEREIC R T S n—
AERICHED BT I n Ry FUYLCERDOEIEGDED -
o, I, WEICED 7 IR FULCOELRIC
EERPHZIELERBL TS, £k, TIu—2AH
HE7IuRIFVLCERIZMIEL D b SRR

DWEPRKRENZ EBHS L E o7,

T IuRTFUVLCOEARITIEIWRY 87 BB
LTWw3 EFEZS5NTED (Inouchi, 2005; Aoki s, 2006;
Hanashiro 5, 2008), Wx¥% v 3 7 EDOMRERIGEES L O
TIaRIFULCHEARICKIETHE LB T L
&b, LROREEZET 2MEIER I NS AR
BREOEHWING, KROWHEEEHE T I v —
A GRS (Wx) BEEETIEA VT AL T 3
WxaRNEIR T & 2 v B = A RIS T % Wxoxf 328
BFBHoNTY 525, JHES (2006) 134 v 74 A1
WxafSEEF I, 7T IuXRyFULCR AT 5 R
SOBBTWxe-LCWTEEL, 20D 7 2/ BRELFIH 5
EREREZLILTVE I EFHSLIZLTWVS, F
7z, Aokin (2006) 1, KRz 7 I uxX7FrItEEN
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ZHEAGI00U LOREOERET, LV (12%M 1), +
TR (4~8%), P 72\> BBLLT) DO3ZHBrCHHL,
T IuXTFUYLCDL R E DR E DRELE
RICOWTQTLIIT 2T o 724558, 7IuxR7FVLC
DEHIET T v —RAZ AT 5 WxnB B 12 & > Tl
INBHZERHSDIZ LA, E 512, Hanshiro5 (2008)
X, WxaBET2bbMEICEAL, MABHICT
D=2 E7IURTFULCOBAREIND Z &£ ZHER
L, 7387 FVYLCOESGHIZGBSSIPES LTw»
52 EZHLMIT LT,

T IRRTF DTG R L ORI O W
TRE SR PRBETH 2, 7IuXTF UHH
W73 235 RIS BMRF D K RFE S R <, BMERE D
MEL, ZoMV0H2YMEEZRL, S 6ITKEK
BOKRTHBREEINL T, KOO LT 5%
OB T2 EEZ6NE, TIiaRIFV
LCEHERITKBMEICHELRIFT I EBHMONTE
D, BAMMEEMECIGRERIZ Y Se—2A 558 L
FHERIZ7 S X7 FVLCERDERIC L DML T
{, INPBHROETEZHCEREEZONS, Lk
MBoT, 7IURIFVLCERMEL, Hix 2B
FETI B 450 C O B O REIE DY EEE LT\ 2 i O F K
PELEEZOND,

Doz tds, SBORBAWKDERICE VT
X, ko7 i u—2&GRICKZERIIMATY IR
R F v ONTHEICEH LGBV EELEEZ o
2, CNETT7Iu—AERRHKEFHL - RREM
FHOBFRBITONTELD, 5B BEHKDFERIC
X, 73RV FVLCEEEFRVRELT I u—AE
MK  FHRLREE CEHE M VEB LI < Rk
DBEEBBETHY, 7IurFVLCEMNEGET S
GBS SIOD 2R 2 O FEHHIM 2 A = X L D@kt
WHRELEZOND, 8, KEOHRE»S, 730
R F v Doy TSI SR I X > TEHT 3
ZEDBHSLTH D, RFEOBERSC MR ZE DR I
RS T COEMBMBELEEZ SN S,

V7 fet SRR R
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L8 #S

FIRBLOEA4EDL S, SHDORBHKDFERKIC
i, 73R —RAEGREITHL T IR F DT
HEICEE L7GBROEEEZER L 72, Fig, 73
ORI FULCEZEERVMEPEDO T S 0 —AEE)
i BRI CHE DA SN L2 < VKB
HlEZoNn7, L L, BRERS CEBRICKBNO
G2 FRTOEE T2 Z ERWEETH D, THICED
2 (B 2 BRI O R EDS DT TH B

F— b7 FIAF kB 7In—2EREONE
1%, Williams & (1958) D /iik% Robyt & Bemis (1967),
Juliano (1971) 2SR L, &AL (1982) 237KHR K AUk i
DOEMICE T 2B RE b Ak s LT L, Bl
ETE—MIASIEHINTWS, ZohETIR, 2
v EROSOGEFH LKBICE EN 2 WABH O 7 2
u—2 L AVKOEEEEL MR (620 nm) DL
fEICE DHELT WS,

L2L, COHETHESINE 7 Su—A&RIEH
PIDT IO —Z2ERBTHIILICHEET ZLELRD
%. Banks5 (1974), Juliano® (1981) %, IV HEME
L7 I —REROUETIE 7 InRIFUIck
23AVRBOOFE LTSI LREHLTVWS, %
DIz, FA (1994) FHEKREZT S0 X7 F V05
BEEZF2NTII0 nmiCFET L2 ENEE L v LG
LTw3, LAL, 770 nmDWIGEE XK 72 © 5URHE
ExEDZHEPH D, EEICIET I v F ok
INERET 2 EICIIRARHZ L LTS,

InFETl, avEBEOEEHWAES T Ia—
AEBDIIICOWTIEE S OMERH D, LTS
(1994) IR2WRIMEFEICE D 7 I v —2B LT Iax
7FvDERERA, KOT Iw—RE7IuxrF
VERDPIEMICONERTEL I EER LKL, Ly
L, RoMEIERL 28546, MBS OGN EE
GBI OREZZEZ THBOLENE L WIEE) ZHEIC
O 20ER’H 5 E2ERHLTY5, GBS (1996)
i, Ko7 Iin—2E7IuxyFrOHERIUSHE
1, MEZTTREEFEICL > T REZ LR
He»IZ L, 7, 73I0—AD001ERNI0IZ
ERRBIOE L, SRR & DIES RE 2 L2
5, TTRICL->TCEOENIELLZ I u—R&8%
EHEICHIET 2 2 &1, 2RIEETOAIRTH S
ELTW3, —J, H/HNS (1996) 13 7 FWRIHTR
DIRRBIE R EBEE- 7w MEIc k37 I 0 —RE
mEOROEYRNICK D 7 I u—2E&REES I

Kk D 2 77 FWIHERIC K 2 B REWRRHiliA

ETELZLRBIBLTVS, ZhsDiiklE, K
BREICB U 2ERICESEEZ SN S, KinEIC
BUOTHIRMITIEHA T3 2011, 27 BRI
S BELT 2 00 H 5.

—77, FMEKE DS 73 u—2&EEwILEE K
D7 IV 7 LORIE, REATEDME, BLELR
TENE, £y bNy 7 (RISHE-RRRE) 258
WZ EVH TSNS (BT EFE, 1963). RVADEIL
HEAR V2R DML E IO REEE 2R L, B o R L%
EWHBOMOYEHETE 5, —RICRAHKIZ
EREME, TLA 08T URREL, By P RXv Y
IBNE W, KEES (2004) 1%, RVADRILRRM:AED &k
DOYEE & VB Z T 2 HEZ L, RVAD
B RS, ARG BE, IR MRS & AP R AR
(Retrogradation index, RI) DHEERZIEH L 72. RVAD
BHLEEE 282 - 01213, $3gDEE L 200 B ED
AR ZET 258, X0 EEICEERE RD 2H#
ET D70, A= b7 FIA4AF—2IFEH LTI vHEK
I B D RFIEAE D & Z LIRS RD) B L ey by
rafEETENL, BRERICE T AREEIZE N EFEZ
55,

Z T, KETIE, kA= b7 F 745 =232
v ZRINERE HEHETE 520 FF v v 2 Ui
WMEMAT Wl A= 7 F A =% L E+
A& BB, 2004c). ZOEEZHAWT, Bohlen T
AR P NVELSERT—Y LR LT (7EX b
Yy 7 2AFHE) L, 73Ia—2A00FRBRERRINEE
I RIETRE, BRREE D 3 7 IR 3 & OB
b RIS E LB L, BRESICEHTE 5
5 ix EALPERRR RD) OHEETE 2 BRES L 72,

£2f1 EBRMBELUTHE
F1E FIO—RAEER LTI VRRINE
ROBESE
SREIOHELZ, XK10gZ -V A+ (Ketth:
Wy oA, 77v¥—5 Ak 3 (Brabender
Quadrumat Jr. Mill) TEE L, EHIS0X v & 2 Dffilc
WL, IMET4CTHERE L, 7In—RERE
Oz BRI OME L, K100 mgET¥y /) —
V1 mLE3%KEELT PYU DA 5 mLTRIELBEZ
H, CORBEF— T IAY— (77 v —
) 12310 nm~1100 nm (B #hiR400 nm~900 nm, il
EMIFE3 nm) F CRIKFHIZHIE T & % Monolithic Miniature
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Spectrometer (Zeissth:BY) % #¢ L 72 2E I ), 1REE
22080 37 FWINEAR 2 WIE L7z, 7 In—A45
1E, FREE (1988) DITIEICHEV620 nmTELALER L 72,

F72, 2 ERINIHERIIFg. V-1ISR L7z L 912, 600
nmfiEz E—27 &35 TH % 2 & 6 HEAYIT600
nmmTX4 L, E— 7 (2400~900 nm), HARKINH
£ (Amax), 400 nm~600 nmDWIEEDOREREAE (Fr.l) &
600 nm~900 nm D WV EEDREHAE (Fr.dl) D MR (E— 2
Wi, Py %2Rk, B, BHoOREMEIE TV

VRFERBRG AL 1275

by, %, LR T2t ZHVE, 7
fTe—RE7IuRyFrD5HlIESchochd 7% ) —)
HDWRTE (Takeda b, 1986) Tiio7, 73I0—RE7T
TuR7FUDOAFTHRED02 mgmLE %% k912004
mgfElfR TP ICRAL, 7In—2Lt 7P IurFv
D R 3 RN R 12 BT T 58 2 e L 7z,
$41H ZERAEICEZ7Z7IO—RAZED
HEREE
FEoO7Iu—R L7 IuxyFroRaREH
WT, HRENEICL2 7 In—A&RBOHETHE%

BBIRT 0% BRI L7, 7 S m—2i[£20.20, 0.16, 0.12, 0.08,
0.40+ QualltatlveA rI:;):e Fmrelr;;l 0.04, 0 mg/mLD6EREE L, 020 mg/mL%100& L 7z1H
0.35- DT W% TR L7z, PEROH IR0 nmDWILE, a v
0.30- Quantitative movement TR R SR D 72400 nmD> 5900 nmDIEE DR

5 0257 Usual method, 620nm BifE, 522 nm&778 nmDWBINEDE (LTS, 1994) &
;‘: 0.20 7Iiu—RRELEOMHESIE, AT v 774 XET
2 o5 R L 72595, 713, 716 nmO3E % BIER E L
0.10 FUFAHTCT7 S v —RBEZFM L, Z0ZnoHtE
0.054  Frl Fr.1l F5E % RMSE QI MRERZ) TR L 7.
0.00-F——— Sy $£5lE ERNREELSIVRRINHRE
400 500 600 700 800 900

Wavelength (nm)

Fig. V-1. The conceptual drawing of iodine absorption curve of starch.
$21d 7P IO—-ADHFEIFRKBIER
IERIFTHE

ARESR 7 S0 —2AST U —X (bR &thh ik

&), AS-30, 70, 110, 320, 1000%fikL, 7 3Iv—

A DRI R I T T E L W,

ARLABRT7 S v — A0 PFHEGEIZSZELX 140,

430, 520, 2300, 4400CTH 5. Flz, EHEDLSHEE

INB T mIZFR 422680, 69660, 84240, 372600,

K UEBHEEICRIFTHE
FAMIE DY 2 7 FWIL AR & K VB I ST
W Z DT OB FlCTRET L7, dEatinfEld 1998
AEREE 7 )1 SRR N TR TR L 7287
S0 —RZEE (duil) R G TdulliWiE L ELT) TR,
FEHE433%5,, T2EH1645, , "HEHE239%,, T
BEZy, HRE 55397, TELOWD) TH
2. BAIRNRE X, &R (29/25°C  (B/R) ), Hhili
(25/21°C), &I (21/17°C) D3EBECTHREE L 7,
FE6IE ML OEEELHILELE

712800TH 3. EotE
$31E 7 IO—REEHNIVERRINBLRIC RVAZUIMURF NG (iR e, mefEORGEE, FReiRb B,
RIFTHE ty bRNw T, LAY ) IZBES (1997) DTk

BERRE L, 19984FAbHEE N, I3RS (ki
EHAGTE ) TIRFEL 7 T 5397,, TEFLOW

ICHEC THIE L 72, BAVBMLRAEE & 2 7 FBIDUhsRE
PEME DB 217>, 37 R & 2 & 5 7%

Table V-1. Influence of molecular weight of amyloses on Amax.

Molecular weight DPn* Amax

(nm)
AS-30 22680 140 580
AS-70 69660 430 597
AS-110 84240 520 598
AS-320 372600 2300 598
AS-1000 712800 4400 597

*:Number-average degree of polymerization.
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B OHEE % il 7.
EFALIRIZIMP 5.1.2 (SAS Institute Inc.) % FAV>TiFo
7z,

3 EERER
F1E BRARNERICRIET7Z7IO0-R%
FELLU7IOARIFVEEDHE
IAVBROSIEOCH Za-1,4-7 0V H v DEEE L BIR
BHY, HEBEWIIEECERMTS (Swanson,
1948). Z 2T, 7 I0—2ADSTEIRKRINGEEIC
AT 2 G L, mARBINERIE, 73r—2
DT RIS /N E VAS-30 T b V1580 nm T, T
=;AWI70000 (AS-70) DLETIERWTINOSTETDH
597~598 nm T & - 7z (Table V-1),
RIZ, 7Ia—RE7IOaRTFVORAHEI R
KRR R B3 mfEEOME 2 TE 55397, ,

Nzl ows,, T, ThEkIlFzt) 2L
TS L7z, 2R, RARIGEE IR W o miE

TH579~594 nmD P TT I 0 —AEE L IEOHEID
RO 5Tz (Fig. V-2).

600

5903 _ %

580

A max (nm)

570

560

550 T T T T
0.16 0.2 008 004 0
0.04 0.08 0.12 0.16

Amylopectin (mg/ml)
0.20 Amylose (mg/ml)

Fig. V-2. Influence of the concentration ratio of amylose and
amylopectin on A max.
@: Kirara397, B: Aya, O: Hoshinoyume and [J: Akitakomachi.

H2IE ZRRAEICELZ7ZIO—-REED
AEBEOMR L
TIR—RALT7 IuRTFUEIREL AMEDRE
ZHWT, 730 —RAREEZEROF—HEE620 nmdD
OGRS, 2 IR D> & K 72400 nm#A> 5900 nm
DWIEFEDFEEAE, 522 nm&E778 nmDWRBE D2 (11
T5, 1994) &7 Iu—RAEELEOMHBISH &, 595,
713, 716 nm®D3IWE AL L L 2 ERRITTT
Su—RAREZFML, ZNZNOHERELZRMSE
QTP RGEA) THE L7 (Fig. V-3). ZOf
H O OLTFNoOHEDIEHL_ANVOBETH > 7208, H

620 nm ¥ (400-900 nm)

100+

801
< 60
g 40
g R%=0.996 R?=0.995
o 207 A B
2 RMSE=2.36 RMSE=2.46
2 0
% A A522 nm-A778 nm Multiple regression
3 100 595nm
£ god 713nm
g 716nm
= 60

40

20— R?=0.997 . R?=0.999 5

0

RMSE=2.03

RMSE=1.34

T T T T T
20 40 60 80 100 O

T T T T T
20 40 60 80 100

Amylose content (%)

Fig. V-3. Evaluation of amylose content by multi spectrum measurement.

As for introductory remark the same as Fig. V-2. The amylose density made 6 phases of 0.20, 0.16,
0.12, 0.08, 0.04 and 0 mg/mL the relativity that designates 0.20 mg/mL as 100 %.

A; The absorbency of single wavelength 620 nm. B; Integrated value of the absorbency of 400 - 900 nm
C; The difference of the absorbency of 522 nm and 778 nm. D; Multiple regression, which designates
the absorbency in 3-wave length of 595, 713 and 716 nm as explanatory variable expression.
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Table V-3. Coefficient of correlation with set back and iodine absorption curve characteristic value (n=21).

Peak area
Amylose 3400~900 Fr.I Fr.II Fr.J/1I Amax Setback

Amylose sksksk sksksk sksksk sksksk sksksk sksksk
Frl 0.991 1.000 skl ok ok s
FrlI 0.996 1.000 0.999 ok ok s
Fr/I -0.915 -0.922 -0.922 -0.921 ok ok
Amax 0.902 0.901 0.897 0.903 -0.983 ok
Setback 0.832 0.809 0.801 0.816 -0.638 0.642
*k%x %% Significant at 0.1 % and 1 %, respectively.
— 620 nmDTIEEE &£ 400 nm7> 5900 nmD G D PEBRESZ EBHS D E RS,
BT IE, SIS & DB T OEAEDH h RMSEN® 595
PREDPoK, —H, 522 nmET778 nmDWSEE DT 590
IIRMSEAVNE K, 51, HEEUFA TR IR HRMSED? 585
NSdpote, TOTEDS, 522 nmE 778 nmDPOLIE E 580
DAEPEMFRZ AV HTEE, EROE—IE620 §5%‘
nm CHIE T 2 TR R TEOBETHETE . < 704

$#31E ENEMEBEEATIO-REE, 3 565

U RIS EES & URVASRLSE 560

KRIFTEE Low Middle High

CAMMREYR 7 S u—2 &8, 37 ZWRINIhHRE
PEAE R & RV A BRHEA M IC BUE T B 2 iat L 72
(Table V-2). K¥E L OEHOT I u—A&EIE,
THNOMMEE DBAREINE T ERDL -7, KD
FEMEL 727 T 0 —AER KNS ML 7230
THELZT7 S —AaR2ET2E, KLD D
W CHE L7 Su—2A&RBOBEL-, Tk
bb, 7In—RERIEFMET oM RIc LD R
ol Fl, KELBHOT7I0—AEEDEILT
SU—AGREPECIZERED S (Table V-2), 7
FWRIHh#R D ©— 7 il (2400~900), Frl (400 nm~
600 nmDWOLE DFEEAE) 8 X C'Fr.dl (600 nm~900 nm
DPSEEDORERAE) (LB AIERE S IZ ENS o
72, —7, E— 7 HiRHF I SRR A3 13
EREL, mAWINER (Mmax) (2B DN
EER» o Fi, BREED TE5 6397 ITHRT
aullinfli (B, LH4335, EEH1645, EH239%5, &
7 5 E) IFEPRIERE I X 5 2 ERINRR o 2B hs
KED ok, RARRIEE O M & RFR O 2 13K
XTIE/NEho%h, minX TidZz DAL %
D, EH4335<EH2395=13 8 5 3<EF1645<ED
M i RO R D3 e > 72 (Fig. V-4). DI &
5, 245 dul R I AR IC R Chmax O IR EE G

Temperature during grain filling

Fig. V-4. Influence of the temperature during
grain filling on A max.

@: Kirara397, O: Hoshinoyume, W: Aya, [I:
Hanabusa, A: Jouiku433, A: Kuikul64 and <:
Toiku239.

RVAZWILRAEAEIX, I oMl & B D S
MR E O ERERE, 7L A 7287 VR EL
o 7Dy, FBARKEE 8 X QR AR EE I IR 72 22 1338 0
Skd ol —J, dulfifEDX Y F Ny 713G
ICHERT/AAE L, BRMEREIC L 228N 0o
72

$£41E ZBLHIEE (Rl) OFEHTEEOR

=]

Table V-21Z7R8 L 7 SRR EE 0 5275 2 50k 2 v
T, AV FEBIROREME L 2y b Ny 7 OMB %
Rt L7z, a v RRNER» 6B N7 Ia—RE&
E— 7, Y— 7 ERLEr UL, R &
v Ny 7 OHBIRIR % Table V-3I1T7R L 7z,

v by 77 In—2&E ¢ = 0832), 3400~
900 (r = 0.809), Frl (r=0.801), Frll (r=0.816) &1%7K
HEDEWIEOMBDS, RRBIGEE ¢ = 0.642) L5%7K
HOIEDOHBENRD S, —J, E©—ZELFr.yI

=
E’
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Fig. V-5. Relation between apparent amylose content and setback.

Dull: Aya, Jouiku433, Kuikul64, Toiku239 and Hanabusa. Non glutinous
rice: Kirara397 and Hoshinoyume.

H: 29/25°C, M: 25/21°C and L: 21/17°C. Dotted circle is non glutinous rice
of the high temperature district.

(r = 0.638) LIFSWARETHDHBEIED SN, T3
u—2&8 Lty Ny 7 OBER%EFig. V=518 L 72,

ty bRy 77 I 0 —REED15%L o T
i, MR LEERK ORI R E, EREIICH
MUZDIZR LT, 15% KM TIHIZIF—ETH> 7.
72720, RMCHAZESRX ORI T, 7Iir—
AEGEDPdul RO ERX L ABRETHh>Td Ly F
Ny ZIZEPRDON, TIn—AGREITI Ty b
Ny JRFHETE L LG A R»oT, Rig, E—=7
MRELFr. /I E Xy PNy 7 OBER % Fig. V-6I1ZR L
7=,

_ A5 _
= Y = 0.0625x-0.598 =
~ 4.0 r = 0.973"

< - 2] =
£35417

o

23.0

<

%2.57

£2.0+

&)

~

1.5 T T T T T T T
40 45 50 55 60 65 70 75 80
Setback (RVU)

y = (29.7x-27.1)/(0.73x-0.72)
RZ = 0.799

1 1.5 2 2.5
Fr.Il/11

Fig. V-6. Relationship of Fr.I/II to setback.

As for introductory remark in figure the same as Fig. V-5.
The plots of surrounded by dotted line are non glutinous
rice high temperature district.

THIEEL LCE— Vb /T2 A L 72, £,
E— 7RI (X) £y B3y 7 (Y) I2I3Y = (aX
+b)/(cX+d) DEEFEMARCEAL, Y = (29.7X-27.1)/
(0.73X-0.72) (R2= 0.799) D [nlf7\ % 57- (Fig. V-6). ¥
72, kv by 7 ERFES (2004) DEALEIRE RD) &
DFNTIFRWIEDOHBEY (r = 0.973%%%, n=21) ¥H % Z
EERBOH (Fig. V-7). X512, E—ZMELF/IE
MR RD) DOBIRD 5, Y = (221.5X-180)/(126.0X
-120.4) (R2 =0.905) DlJg=\% 157 (Fig. V-7).

Y= (221.5X-180)/(126.0X-120.4)

RZ = 0.905

Fr.Il/11

Fig. V-7. Relationship of setback to Fr.I/II against the retrogradation index (RI).

As for introductory remark in figure the same as Fig. V-5.

The retrogradation index (RI) = (—0.105—0.0081 X maximum viscosity) — (0.0025 X minimum
viscosity) + (0.035 X final viscosity) (Ootsubo et al., 2004).

v by 73— 7 HEHFr. /51250 T Tl A
BB UL, 125 ETiZIE—EICHER L. £
7z, Fig. V=518 VTR TR L 2SR X 0RE b 13
ECORPFE LIGER LT W, £/, 7Iu—2%5
BT ZE DA T H - 72 dull TR D iR X 1D
W, E— 7 HEMFr /T MRS TH D,
BB DR TE 2 2 ERBE N, Lido
T, AVRRIERROREMED» 52y PNy 7 2 HEE

FA4ET EE

AW T, kDO T7 S v —A0HAA— T F 7
A #'—12307 nm~1140 nm % T3 nmlHAlF D256 2 Wi
IRfIZlI%E T & % Monolithic Miniature Spectrometer (N4
VZEISSHES) 2R L, 1RERIC2058 0 2 7 RPN
Mz HEMETE 2RE L FTHBOI N 70 7 7 4
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ZRFE L7, ZOBEEE, ERD620nmEl—K RO
HEEEESZ 2720 CHHETE %,

7 I —RADFFEIRRRIE R ICTUTT 8%
rEt L 22 RS, O EA3700008 ETIREE IZIZIF—E
THIS98 nmTH -7z, FHE (1997) DA IC kg, H
NEEKD 7 I v —2ADHEYEAEIZ630~1421 (T
#102060~230202) TH 5. L7z>7T, K257 5
LA 7 0 —AD0 B R KRG R IC I T E
BAhhwekEZoNS, B, 7IuXRIFULCOY
HBIZOWTRERBEHNTH 2037 S0 R7FVLCHS»
B, RARNEEDMEIZAE s LigIns,
Chinnaswamy & Bhattacharya (1986) (&, iKWK E
B7 IR —ZAE7 IR FUORALEEHENH
D, 7IuXrFrvORENEWIEERRKII R T
HGWZEEHASHIZL TS, AREICEVTY, [
CHEAPRED SN, Thbb, 7IuxXsF vt
127 2 a =R Ta-1,4-7 VA v DEFIRS T35
, BRARWINRESE B0, 7IaxXr 5y D
DEVIEERARINERESEL, £/, FARICT S
0—ZREMMEL BB, TIn—RELIATEDE
GEPD R R Y RERMA~T 7 F T2 012385 o
Lot RING, 20D, RRRINIEEZE
THIEICEkD, TEIu—REBETIORIFUE
Bofftensufgr£ions, £/, 7Iu—24H
DRI % LD H—E (620 nm), 400~900 nmD WK
FEDREEAE, 522 nm&778 nmDBIGE D%, B LW
595, 713, 716 nm®D 3R TIERK L 7z ElFE=lc 2w
R L 7. wTnoBaEGd FHL IV OREET
Hoteh, B—EE LD 2R DN D ELE )
REHOLFEREOBECHETCERL, avEREMN
HICk 22— E2 AV HETH oMM R EE
TH205, /NS (1996) 133 7 KU D H i
(680 nmDWGE) LEFE-—ru< MEICkE 7 I n—2
EEOBIRY 5, amylose extender (ae) EnTFZHT %
BTk, BRERE» S K& 2 e x@tL,
37 FZWRINAR O KRR R L #EE- 7 v < FRIC &
27in—2gB2rkokoERRAICLY 7 In—2
GREMBICHNETCELZ I LZRBLTVS, Lk
o, FlmM %A EMOBRRE LR EILE
WC 3 FIRINHHE % T T 5 54, LIRS
BAAREEIIENEEZO6ND,

Rz, HBERZLEEE R) 252740, E—2H
BWF/ILE £ v PNy 7 (RO - RO ) D BIfR
EHE L. 2y Ny 73— 7 EELLFr/TA51 .25
Adi Tl AT 28, 1.25M ETIIZIE—ET
botz, £, E—7MBEEFI/IE LY PNy 7 DR

%225, Y =(29.7X-27.1)/(0.73X-0.72) (R2 = 0.799) DA
JFREEL, Zhuc kb, E—2mEEkEr/nENE S
2707T, vy PNy VOMENTRE LT, F
7o, &y PNy 7 KIS (2004) DEMEIRE R &
DRNTIZE GIEDOMHBY (r = 0.973%%%, n=21) 2% 5% Z
EERRDI (Fig. V-7). 361, E—7MNELFIIE
ZEIRE RD OBIRH S, Y = (221.5X-180)/(126.0X
-1204) (R? = 0.905) DA %z#7 (Fig. V-7). L7
Do, ZLMRE R) OftEdkE LTE— 7
Fr./UER LA L7z, 8, AGBRTIEY vy A=A
MDA TI L 72D T, 4 ¥ 574 A OG>
WTIRSHBOFETH 5,

MEnZ s, RFEEEROL—-T7F 74
P—I2X 27 I u—REEDOOWTIE L 2L AU BE
Ta RIS E ABHETE 20O TOHIETH
D, 7Iiu—A&E, F/NS (1996) DHEKIKUH
¥, IS (1994) O REEICmZ, 27 FEWRIN
Hhfk oo ¥ — 710k, Y— 7 mEREII, SRR
DOWEZ TRTRKHCIT S 2 EIckoT, SRICHENT
DU E oz, S, T 7 AF ¥ —7 EWHENRTE
P BERBREHO P2 SIWCICHTE 2 S H
D, REHXEREICE T 2N ZERKICHAHTE
%,

—H, AVEBRANNOE T I a7 FUICET S
TR FVLCHH ) (Takeda b, 1987), 7 I w7 F v
LCOS% Il IE ERAIEEE <, A8 & /s 110355 »
EDPHILGNT WS, o, 7IuXIFUVLCERLE
RVA BT 27 LA 757y DRICIZEADHBEDFRD
S, WBMRLO I Y S u X FULCHBE LT
W3 (KEEAFTH, 2000), X 512, Inouchib (2005) &
RVADLX y FNy 7 L7 IuxXrFVLC GEDMICIE
EORELSHBEZADTVSE, IN65DI RS, fit
K, aUEEMETT I 0 —RAEEIELABERNS S
EHEESI NS, 7 IuRYFULCOMERZ
TR H 5. I TIiBERIEIT I u—
AGEZERE L TEEZEDTE LY, A—7 3
U—2AEGETH>THYHECEWRMEI R 2 2 HH 03
BEINTE 2, T TIg, FI3FWIIRA L&) icdhiE
KIZHBT7IuRIFUVLCHHEET LI L5, FA—7
SH—RAEETH>TOHYECEWRE 22 2 B
D—=DELTTIR—AERICEENE T IaXT T
VLCOWEENEZ NS, £, ECBLTHR
EDKRSEDOMZEIE T S0 —AD56 7 I a7 F U
DEHBK S NTE D, KEKOT 7 A F v —I137 2
U7 F DTG ELEBEREPH L EEZLNTVS
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(Reddy &5, 1993). Han & Hamaker (2001) |ZRVA® 7L A
¥ v ET IR FrEHESORICIZADHE
BIfRDY, 7 I uxXrF rmEEilia Lk EDHEBE R
HDHIERZHSLIZLTWS, Lo T, E6%5
B L B L 2 RELBEEER 2T 2012,
TIuXIFUVLCOREERT HRE, TIiuxrF
VO TREEICER LB IR FIEOWY P ERETH
5. 20O, Sk, 5 - AL 7 IvX7FVLC
EHROME LD BRETH 5.
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ek 7 IRy F U HNHHEIC & S HHELYED S

F1M ®BE

BHEIHARDEHNAERTH D, BROELEHITE
WK RPERVHDTH B, EHE, RENTHZIE
TERZFHEIZBP LTV E—F, A—N——H
b, aYEZ VAR T RETIZES, #f, KK,
Bl EOBEDBIGEINT WS, Thbb, Bk
F—FEE X D BRI TAEOFHNE L oTw
3., Zokd, BREIAEMTEMBOFERE LT, M
a2 @ISR & 1T 5 (L, 2001)
kxR L2808t B0 E, b6, 82b,
AYAERZEIT N, o DREINCEEHIRD 5
N B RED % 5 (FFH, 1997)

HWEIT BV B R R I1X309,700 t(20074E ) T,
ZDWND40,000 tHBILHBHETHEEIN TS, JhiEEIc
B 2RO ENTIR1X8,220 haTh b, Z DT
Hz I brIbs) BEDTS, FHICRE
SN BB ORI, BtAHomikai izl
(, MITEBOFS I LMY PERMERS SR
BBH 5, 20D, ZOEVBRELEIbEEDTE
AL LTHHEENTVS, LaL, ZAHAOFEIZ
BOERHE O THER L TR D, dEERKOBEHED
fOEID, KAfIETHE LT3,

—7, MLA@&EE T ORI, BEEREH W b
DHRD SN B, B OBEAEEE XML R IR &
EOHBIBRDSH 2 Z EBAISNTE D (FE, 1987; #l
WE S, 1982; TRFF &N, 1998), fFAE MO fs {8 EE | & fif
DG ax MZflb B EE bz, HFOAKRLINTE
ErEAT2EELRETH D (FHE, 1987, HINES,
1982). L7d->T, EFEED S0 W RELRTE
ffi¥ncsh, FTY, WEED TT2xRbb ) IFH
fHCTHEI ST w5,

D& ) RRWBAH S, AGHEHE TIEHEM TS L 7 6
M D EALYEDSE R OER L R B IRAR D 5T
W3, RO RHIERICIE, SEOMBIBEICE T
L XD TS T 2 MES AR TH 5.
Lo L, fekofbpEdik s itk z Esiil 4 3
7-®, ZOFEE & FMH D, BEOYIHE
B 5% DRMEME LiERT S 2 L IZWEiTHh -
7. BHELMEWEERES OLE L EERETH D,
B ALE o e R I3 MR M o I ) D AR R 23 B b
DTEMTH S, LidoT, itz Es i
$, REPHMEPHEETE 2 L9 2z, Kk
HEROMFIIELLALETZEEZSNTVRE (I

5,1999),

Tl (1994) 3@kt RS S BUEE 2 ML L, 8
AL D MRERTZE (IR S, 1995) ZHH S 222 LT 5
B TIRBELME IS S LT v 3 B LR M2 & B
EM otz H#ET 2RAB BRI TS, Thb
L, B IER VA CHIE L 72 MILBRARE ()R,
2002; fEHES, 2005; WA & HRA, 1998; 2 5, 2005),
v— 7 imEE (M5, 2002; e © , 2005; #21H &, 2005), %
RRGEE (R, 2002; fEHES, 2005), RACKTE M,
2002; RS, 2005) B LKLy by 7 (EHES, 2005)
EIEOMBEBRICH D, TLA 05T v EADHBR
% (EHES, 2005) 12H B2 &5, BULBIAIRES &
CE— 7 R IEIE . 22 L LT 3
(2 5, 2005). fig, &6 (1995) 1&, & DAk
CTHEEICEMTE 2 L9, A= 7T IA Y —3%E
AL ZavEEOED» S, SO LYED D
THETHS E LT3,

2D & ) ICHHAE M o I L 1 Bk o PR L B R
LEBERBERPEDONTED, BROTHDITH 3
T7IaRIFUOGTHEEPERLTVS Z LIRS
B TESL, IRETI, BRorIaxXsFro
THEE & EALERE O BIRIC O WTE L i
3% % (Suzukis, 2006; VL)1 & EH:, 1990; ek & & H,
1997) 28, 7 I X7 F Doy THEED & B %
EL, BRoH@EEHANT 2HEEIEHS McEnTw
R, 7 IRy T v OsEED o BN % SR
TEND, BAEHICEVLTHE2 T2 Lk
EWMNTRE E 20 5. E7-, SRS S WP
B LU Lo SE S RSB TE S, 512, #
MERIEEEOFKBZHIH T 28 EFOEA L EXEH
S E 2 ) BEOSFICHFLTELLEEZION
5.

ZITARETIZ, 7InXRTFUHRMBEESNZE
L =@ bt ol ik omE 2179 £ b, ¥
KREMICIEA T2 2 L2 BN L 2 B0
& 2 ST T 15 D RENT & FR A 7

FE281 RBMRBLUAE

F1E HERE
20034EDILHRER T3S b xH bbb, , THEOTH
t,, ARRHACKE02082 (AG82), A4S
(JG451) , ALERE2905 (HG290) , EHIEFE TZHhhd
b (CBIICEBREE T2hhbb) 2 TP i
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AL
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bbb EWESHDEEE) , Te X/ EF,, HHREE
Fr7%2a%5,, T2x3xF, BIOERERE Tt
a7 €5 OFH0EZ AL 7.

HE21H EHEMOY L ESDRAIEER

fitEHb D &L BAOMEIZHHERO HEICK 5720
AL SR 27 (AT EFH, 1990; HIK S, 1988)
iEo 7z, iR T kb, Tearzes)

NI<BbxH9ds, ZAVTHIAEMZ TR 72, L5
HOEOHEIIREK kg Z VK L, ISRERENRE L 7242,
I BICHIF307MKEY D, BLAHOEZH CRZAFC
-166) T LKiH245y, 8f> ZRMISDTT -7, X
12, BEEHLO PRI & HASo B R ID LS (R
Z50cm, JEX1.5cem, 5 cm) I AN, EZ—LETH
F, SCCOWEICHIR L 72, Tk 24881, B
sz o5 L, ¥LESR ML 7.

#3E FIOARIFUVEMBERZGHDOH

&

T 207 T DBALEIR A O 53 HT IR 3 E A 2
HSIHE FRRICIT > 72, 18R 3 Cfro 7. F£72,
HDPICE T MR, HEREE L DPICHEEEI%K
(Y=bxexp(—axX)) #i# A (R2=0.998) L, WKL 5
HeE L 7-DPEICE T L 72,

F4IE  BHEMORR

B EH O FE A HE, 100 mLAR T (RS emxiE
I5.1 em) ICHAE SAREZ A 0 v 2y T (38-GO)
Z U RRR U 72/ NRZRBEIC AR K8 g 2 W EERIIC 16~24
Rk X, 300K D, FERKy P 7L —
b (RAESAER ) L - EP-TY45) T, ATV
LAY v (ERE26.5 cmxim &4 cm) D _EICTEPE27 cm®
ATV LAGMEEE, 20 I/NRZREZER300
AKU7, b, AZEIIAKRELS LE L, ZERBNCH
HE210°C TR X &, KA P IZ140°CTH VIS
2R LTiTo 72, 22 LAKRIZAEFIR20 081
KE4 mLNZ 7z, ZEHOREH, REH/NEHO =
B QOHARE SRR =74 %) <8 MuHE
Exfrol. Rz, BEHVBoLHHT VKRR
WEEET mmDY ¥ —LICHE AN, ZDLkickan
VIR, BHEHOEI YT oEAE T
HIREE T COMEBETHRAEL 2.

SE5IE WELMDRAEE

FHELL 7RI —E IR (2, 24, 48[
%, HEmDOe Ny 2L, TI7AF YT+ 74
F— (SMSHBITA-XT2i) CHRELME (Hifzg) #MIEL
2. WEIRG2 mmD 77 v v —% v, 2x2cmPUf

VRFERBRG AL 1275

ICHHELL 7o A O B A Z2JIIE A E— F2
mmEAI ¥, ZOBROEAEY 2B (E S HAL
g L7, &E, 2RO MEIIEST mmD
Sy —LTHBL AW THEL 7. W{LHEE
1%, BEO XHOBGERN (X) LB (Y) 1IcHRk
BIElY =bxexp (axX) 2 HTIE®D, ZDOMYFREa s L
7z, bidEFERES OffO FEB O X 2R T,

861E RVAIC K 8L DBIEE

KKZ NGRS — L A b (kett)  TI0% I HEHE

L, Iz 77Xy —thT A 2L THEM: L S0mesh
D55\ REE I 155 N7 [k ZRVA (RVA - 3D,
Newport Scientific Pty. Ltd., Australia) (28R L 7z, £
7o, WRNZ90 % IKIR D ITKD S 7L A V) BIEIETH
B 72, RVAMIESMSRHE4 g (iZ9) , 004 %l
SAAEW2S mLIAIL, #IIREE30°C, A EE6.5°C/
min, 95°C37fR¥FCTHIE L 7z,

BTE FBIERIFICLDI7ZIOARIFUOH

IERI DR

RXR R 2 B ictIli L, Z2hZnolih % il

AN AFNVANEFS P21 mLlZ, 74 —%—
NZHNZTYT°CTIIRFHINEA L, &7 AETXRZHL
DR, LML oM LR 2D R, XK
12, TNZELTEE (2500 rpmx10 min) £, L&A % (0]
MLy —n%3 mLIZKFPTHAL, L7
a7 F v EELITHE (2500 rpmx10 min) 12 & Y [E[IYX
Ltk E Lz, 7 2Ry F v o HAEEE 54 D530
F5E3TH & FIRRICAT o 72,

mm/sec T3

B3 KRERER

F1E #SEoEtEe7IAORIFY

BUSHRD %

ftEHh D HEIC X 272 bAAED &SRR Ht4 o

ifetEix, TEdB x99 bbby RHEL, Tea”y
T FPEE, TIhdbb) RRbE»o7 (Fig.
VI-1/)., ki, Zno3mflolmz A Y77 —¥
TRYID L7 S vy F v BuBHES R 2 #H 7.
WITNOMEE b7 Iy FUHEHE RIS K52
DOWMER E— 7 FRD 5N (Fig. VI-1£). £4D
E— 7 HAMIE, B (EL) 41 TDP13 & DP40~41,
HEMiCTDP16 £ DP41~42, DP21ICY a V¥ —%F
TR L iz anm Lz, ¥/, Fig. VI-UIRL7%
I T7 IRy FUA+BIES EB2+B3EIST (ZHHY
LMWL, B (B AOFMTOE G E T
a7 FUEHEEHDE L (A+B1)/(B2+B3) D
T2 % F 72 (Table VI-1), 7 3 @7 F 2~ A+B1[f
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53 DEIEIES%KETHE 2 WMAEMZEIES 54, Fig.
VI-1DEEIR L o Em Wi (2280 b5) 13
Dipd, WEEOEVRE (3519 bb) FEho
72. B2+B3ili5r DFEIA DS %KETHE LM ZESS
Zoon, EEoRVREIZES C, kR
mMEIEE ol £, TIuRIFUEHEE
D E IV (A+BD/(B2+4B3) & 5% KHETHE 2 s
EZ0RO s, o REIZENS o, 7
TuXyFUEEHEREBEDOELL (A+B1D/(B2+B3)IX 7
SRRITFUDIODT FAY —ERET BHEDOEUH
249 % (Takeda & Hanashiro, 2003) Z & 25, M{LED
ORISR FIDIOD Y FAY — 2T
BEDOBDA IS EDBHS I E o7,
INSDIEDS, TIaRTFLONTHEEICIE
S%AKHECTHEMZENTREO SN, 7IusF Dy 7

(A)

Detector resopnse

The deflection strength of the rice cake
material

37

AT —DH T EEEGEDE LD, BHEOYTEICKE
CHBILTW S Z R INnk,

7%, Table VI-1 &[AERIC, HEEIAIZDWTTable
VI-2IZR L7228, ERAMDO T S a7 F v A+BlHESY
DEAEE, 750~78.1% 12310 LI (Bv) fRicHiN
THEEMER AR E , MR ITHRE Lkd o7,
FkkIC, B2+B3MHy DOHEIGE LU 7? I 07 F 4
LREBMOERLL (A+B1)/(B2+B3) IZOWTHE (£)
ST AR TR ZE IRHR & Lo 7z,

$2lE EELIELZIEREO7ZIONRY
FUHUBERS N

BEfLEDE - T2hndbs ) S EEMEY TE<

LxHIbb) OF I FUHEMAEESMRE LK

100
- 10
' 100
(B) ®g zl ;ﬁ}ﬁ CL=18
(=W
L1058
=S 100
6
€ oq 21&_ CL=18
L 10
T T 1 —T 1
95 105 115 125 135

Retention time (min)

Fig. VI-1. Deflection strength of the rice cake material and the unit-chain distri-

bution of amylopectin.

(A) , Hakuchoumochi; (B) , Hiyokumochi; (C) , Koganemochi. Symbols: solid

line, molar basis; dash, weight basis; @, DP; figures with arrow, DP; CL, aver-

age chain length of amylopectin.
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L, 738X F VOG5 FREGEDERZH S I L &
HE L7, —BICT S uRTF VMBSO L
Ik EERERE A A v 7 a~ 79 7 4 — (HPAEC-PAD)
BHVSNTWVBA, 2T, WM %M e T
BTH B HOLE S VIERHPLCEIC X DB o
(B DHid s, BloFHRic kL hEE L 24DPicE
72BN R—ZADMHENTETHIRYT 5 2 & 2ilAl,
WO 7 OVIEEHPLCHEE T, EotERiREH 72 h o
BEBHAL TH 2O TERWICIHMITE, ERESME
B(EL) HERIRICHETE S XY y b23H 5, %
DP (6~60) 1217 2% (E) DI 7k % e

L, ELR—RAOEEDIMERD, HEORL S
FrZ2nds) & MEdbx9bb, O7IurF
VRN R DR PR (Fig. VI=2), Z DOFEHE,
MI<bx9dbb, iF T2hdbb, KL T,
DP10LL T D48 & DP23~34DE|&53% {, DP11~22
EDP3SPL B EDFRD ST,

$3E TFIARIFUHUMRASMERE
{LEE S L URVADOHMEFRKERE & OREIF

FF A DREA I 2 FAN B 13T It T 2 DR O ff
Atz S 2 BN DH 203, IRETIE, HFO SHD

Table VI-1. Molar distributions of unit chains of amylopectins.

Amount in molar (%) Ratio

(A+B1) (B2+B3) éﬁiﬁg%
Cultivar n Mean+SD Mean+SD Mean+SD
Koganemochi 3 91.0+£0.14 9.0+0.12 10.1+£0.04
Himenomochi 3 91.320.2¢d 8.7+0.2% 10.5+0.2¢d
AGS82 3 91.4+0.3¢d 8.6+0.3% 10.6+0.3¢d
Hiyokumochi 3 91.4+0.0¢ 8.6+0.020 10.6+0.0¢d
HG290 3 91.5+0.3¢ 8.5+0.3b 10.7+0.3¢
Anekomochi 3 91.5+0.0¢ 8.5+0.0b 10.8+0.0¢
JG451 3 91.6+0.1¢ 8.4+0.1b 10.8+0.1¢
Yukimimochi 3 91.7+0.2bc 8.3+0.2bc 11.0+0.2bc
Kazenokomochi 3 92.0+0.2ab 8.0+0.2¢d 11.5+0.22b
Hakuchoumochi 3 92.1+0.12 7.9+0.14 11.7+0.12

Letters a, b, ¢, d show significant difference in the level of the property (p < 0.05) by Tukey Kramer

HSD.
SD is standard deviation.

Table VI-2. Weight distributions of unit chains of amylopectins.

Amount in weight (%) Ratio

(A+B1) (B2+B3) éﬁi%i%
Cultivar n Mean+SD Mean+SD Mean+SD
Koganemochi 3 75 .8+0.420 24 .2+0 440 3.1+0.120
Himenomochi 3 76.3+0.7% 23.7+0.72b 3.2+0.12
AGS82 3 77.5+1.6% 22.5+1.6% 3.5+0.3
Hiyokumochi 3 76.6+0.120 23.4+0.120 3.3+0.020
HG290 3 76.8+0.5% 23.2+0.5% 3.3+0.12
Anekomochi 3 77.2+0.6%0 22.8+0.6% 3.4+0.1%
JG451 3 78.0+1.22 22.0+1.2b 3.6+0.32
Yukimimochi 3 75.0+1.5b 25.0x1.52 3.0+0.3b
Kazenokomochi 3 77.1x1.12b 22.9+1.12b 3.4+0.22b
Hakuchoumochi 3 78.1+0.82 21.9+0.8b 3.6+0.22

Letters a, b, ¢, d show significant difference in the level of the property (p <0.05) by Tukey Kramer

HSD.
SD is standard deviation.



ALHEE R DB 7y FAF IS

BRDHEADETORHO I & 2o, IBHRE
SELTMIFFEIT & AGEE 37 T AR s R [ B O L 7 Bk
F/NRIBED SR S = 0 9 X i3 A k8 g TRfAE M 2 JHHl T
5. Iz THD ZHROFBRFE & fF AR i
DT TIhhdbt,, Tex/eF,, THOT
Ly, NIKBEIHIDE) DAMHDARITDOWTHAR
7= (Fig. VI-3),

QHF[EIFE DRI IZ44~529 T TZhb b BEd
Ko7z, 24K TIX114.7~163.8¢g T T2 d
L BERLEL, TBEbxIbb) BRLE»-
7o, 48MERIE DOREREIZ415.7~539 g T, 24FR# & FIkE
I FTZ2dbb ) PRbEL, b ridbs, 28
RLEro7, SBRISICHRNZ2ET 328, o X%
DGR & SR OBIRIZIZ Y=bxexp (axX) D
BHEIBDSEA L7 (Fig. VI-3)., BonHEEE%ko
(et (R 8a % B AR OB EE & U 72, ALOs I3 Sl

)

fMERRDN, TIPhdbs,, Tex/7eF,,
MAoFbs,, TE<brIbb, DOEICHLEE
MREL, AEMOBHEICL2-0bAMAEDPS R7-6#

etk & RS — L 7%,

RiZ, 7IaXrFrofEHEE#HOELIE (A+B1)/
(B2+B3) EE{LHEE S L ORVADRILE — 7 JE £ DB
REHART (Fig. VI-4)., 7I0X7F v OMHE RH

Mole (%)

6 (A)

0 10 20 30 40 50 60 70
DP

0 10 20 30 40 50 60 70
DP
Fig. VI-2. Molar distribution of unit chains of
amylopectins and their differential histogram.
(A) 5 Hakuchoumochi, (C); Koganemochi.
The amount of each unit chain was determined from the
chromatogram obtained by the labeling/HPSEC.

(E IR EE D

& BT REEAM R BT A ST 39

DE IV (A+B1)/(B2+B3) EWH{LHE R L oMb E— 2>
R IZAOHBRR?ZED 54, (A+B1)/(B2+B3) 23
REWERME— 7 REME C BLHEEEDNE N 2 & 23
B S0z 7z,

F41E FIXRINICLDZPIORIFVOH

(ISR DT DD DR
FEX KO IR EIXMEIC X DR 22, BR20~25
mgfETHYH, 1RT? Iy FO#EESHDH
EDVAREEEZ OGNS, 2T, 7307 F UM
EEHOENL (A+BD/(B2+B3) # LA TllE Y 2 Hik
EME L7, XK (3B xIbb) 5, EEHME
LAHEICR LM@Y 7 I u sy F v 2 FE L A0GEER
FVEEHPLC TN L 7265, BIFriERsH o
(Fig. VI=5), ¥7:, 73InxX7F s E#HDEIL
e (A+B1)/(B2+B3) 1311.9TTable VI-1IZ/an L7z T <
LrIobt) OfEERS—EL, Lo VEERT
HHEHWTEL,

$0E FIONRIFUVHEMBERAHICE

S EHRE(L 1% D FE
Fig. VI-6IZI3 7 S m_ 7 F v EHE RO EILIE (A
+B1)/(B2+B3) %Ay Y iz & 2Lk E RO IE
IR L7, 7IigXyF U EE#HOELL (A
+B1)/(B2+B3) &t #fA: i bz 1 A OMHBIBI RO
o, Thbb, SHEMOELEIECHED 7
TuR7FrOHEHEEREHDEILIL (A+B1)/(B2+B3) 1
N, o EMECREO Y S vy T
I3EEH E E#HOE L (A+B1)/(B24B3) XK E I &3
AN, £, ORGSR LEE T 5 F
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] f(x) = b * exp(a*x )
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Fig. VI-3. Progress of hardness of the rice cake
after preparation.

Symbols:[], Koganemochi; B, Himenomochi;
O, Kazenokomochi; @, Hakuchoumochi.

f (x) , hardness; a, hardening velocity
(regression coefficient) ; x, time; b, regression
constant.
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Fig. VI-4. Relationship between the hardening velocity (A) or the peak temperature of

starch (B) and (A+B1)/(B2+B3) of amylopectin.

The hardening velocity of the rice cake was determined from the equation in Fig. VI-3 and

the peak temperature of starch was determined by RVA. Symbols, see Fig.VI-3.

BRET7 IR F U HEEERE#HOELLLL (A+B1)/
(B2+B3) 2811504 F, ELiifbiEsssked o2 LA
NUFHEE L w Wi I N,

F4H EE

B (BN DHDOT I a7 FA+BIES DEAIF
5% /KHETH B R MERZESZD o 1, BLEOE
iz, BEoBEeREIZS 2oz, Wi,
B2+B3Hiy D& AiE, BLtkoE Rz ES , 3
LD mfEIE ED ol 2Dk, 7Iiax
7 F R E RO E IV (A+B1)/(B2+B3) 1%, Lk
DEVIEIZENS o, TOELH (A+B1)/
(B2+B3) X7 I uaRIFUDIDDY FAY —EHEKT
DB Y T % (Takeda & Hanashiro, 2003) Z & %>
5, B{LEOEVMEIZ 7 I 07 FDIODT F A
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Fig. VI-5. Molar and weight distributions of unit chains of
amylopectin obtained by using only one grain of
unpolished rice (Hakuchoumochi) .

Symbols: solid line, molar basis; dash, weight basis; @,
DP.

L, 7307 F O TREEICIES % KHE TR ZE
WEOSN, 7IaXRTF VDI ITAY—DbOT %k
MEEDE WD, MO RECHEE LTS
EDIRBI N,

HEDAOT7 I 7 F 2 A+BHTDEHEL,
750~T8.1%IZ53A L (BL) AR I e TR HE R
BREL, MEEMEZHRE L b oz, FERIC,
B2+B3l57 DFEIEGE L7 I uyF UM ERED

EELL (A+B1)/(B2+B3) 22T HE (BV) Ak
NCMER IR E Lok, ZOHBIELT

I, HOBHEEIERICRE L7 T — 7 035 6 Ui Bl
HEDE DS, REBPGICRERELEED Y 7k
DWBIZIDARREL R 2E60H0, KIET—5 D
R AN KR E P IR L TVwE EEZLN
7o, L3> T, WHoME L YIEOMRz R 1 %
By, HOBEER7OVIEEHPLCHEE X R E TR 0 A D7
JVIEGEHPLCES & D b GEMTICENRTw» 3

LD RZLZ TIhndbs) & B D
L OT7 I uRYF MRS DT TR
BNkt x93, 3 Taahdbb) ICHEEL
T, DPIOM T OEEHEDP23~340H A%,
DP11~22 £ DP35BL_EAsd e s 2 E 338 5tz
NS DR S, WEOEY TECH I
B 137 T a7 F U DOB2+B3ST 23 7% { A+BIli4y
MEBIEDRS, 7IaXIF VI 527 =YD D
BENL L, BT NVOBRIKINEL, o0t
WicmaeEzon, TE<bxHIbb, ¥, 73
0y FUEENS  B#EIA R, BT LT
Pk d 2HE%# AT 5 (Chend, 2003) Z &GS
nNTEY, FMAKREIFET S, £/, TE{b &
IbL) & TIBRbL) OF7 IuxyFUHENEE
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Fig. VI-6. Evaluation index of the rice cake hardness of various rice varieties.
Evaluation index was from (A+B1)/(B2+B3) of amylopectin in molar basis.

SARDFEFIZ, Satohd (2003) 3B & %12 L 72SBEI (8
B ) RIBRM & WAMOBEENOE LS D
OTHEBLTED, TEH<BxIbL, T TIHNRD
L ICHIRTSBEIDEEME NI L2, 7IuxsF
VEBHGOMME b5 LTV B ARSI
72. ¥72, Tanaka® (2004) 1Z A FBEIb (BT
%) ZEMAEICA FBEIDDY/ 2 v JDNAZEA L THE
I ERA 2 A L, BEIbOFHEL NIZGELTT
a7 F RS EE I IS 2L L b BE
FIET B LI HERER TR,

& 512, Nakamura® (2005) (&SSIMaFEH L ~)LIZH U
T7 a7 FVvHIMEES ML, RAEEEE
mal (DSC) DMLRIRIRE Told 7 S v R 7 F ik
(DP=10)/(DP=24) L EDOMHBIBIRD S 5 Z L B 5D
LT3, S e & M LBHIRIRE X, BRI & %
BICHERLTED, BAREPEVIZEEEEZ N
HMSNTWD (FHE, 1987, ML 5, 2002). —Akic, fif
R LI BIR 9 2 BMLBHARIREE 1k, S OZE X D D
B OB 2 M RIS ehs, REEEOT
T7 U7 FVHEMEES DR S K E L YR
FEARETH B LHEZINT WS (AR, 1994), L%
BoT, TE<bxrHIbb, & TIxhbL, Dk

MoxEEz, WHEEZCE2DEETFREICL2E
PREOHENNbobDEEZONDE, ZN6D
Zihn, AHEEELZ2FEEZE T MEE BRSR
MoO7IaRyFVRMNEEIMOEZHS2ITL,
FRLTVEHEDARICESE T 2 8ET28EL
ZORERICERBHTE L, ZOBEEBTORNIZ
M2 LiIck D BRHEHEOERSTRE &2 &
AbN5,
SHISICHHAEET 50, B0 XHORBRR &
FEAE M FE DO BIFRIC 13 Y=bxexp (axX) DIEEEHEHE
A L7 (Fig. VI-3), 55 N 555 Blmtakaz Bt
A ORI & Uz, fEEE I R ES RO S
n, TZoshdbs), Tex/xF,, THoTbL,, M
(B xHdb ) DIRICELEENRE S, fiEo R
ICX B 7bArAEDS Rzt B - L7 73
07 F O EEHDE L (A+B1)/(B2+B3) & 1H
LI X A OMHBBIR S ED 54, (A+B1)/(B2+B3)
BRF W EHEEIE D Z EDBHS IR,
TUT RS I ELE R WL E T 210116 (1990)
DGR E—FT 5, fHHEEMEE, RV A DORMLBRIR
B, ©—JiE, ROKE, REBEBXFEy b
Ny 7 LIEOMBBRICH D, TLA 75TV EAD
HEBRICH 2 (BB S, 2005). 05 ORHEMEIR 7 S
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(Suzuki®, 2006). L7:23-57TC, 7IaXZFrOyT
Witio o Aot 2 i cE 2 EE 26N 5,

Kk D B HLERIC B\ CHEEHL O (L 2 2ILE K
BT 2 2 L3RR EREZT) L TEbOTHE
BEThsd, LrL, Lo blsHiiciirzh os
DB PHETH 2 - OFHLEEIEE L LEMAT
Ehwv, s (1995) 13 WERECHIEICEHITE 5
kI, A—FrT7FIAYF—LERHL I VEROE
P67 20 YT NRPEE & e e M R o HEE & i
L, BEkONaCIlFEMIC & 2 3 7 HE O cl{ki:o
FMMAHEETH L E LT, F, BERHEETRIC
B 2R & UCORIMLBHAA TR |3 B2 2 B R Fa
Lo T B (AR EMRAR, 1998).

AEICEWT, 7307 FvEHE E#HOE LI
(A+B1)/(B2+B3) & @t dlins b iz X 2L X
ADMHBEBERRD s, ZOBFRD SR
T A EEARI7 I o7 FUEHEE#HDELL
(A+B1)/(B2+B3) 511580 E, ELEfbiEsskd 542
ITHIZ I T E L LW S s, dbis o
WMERE N EERRAS1E 0G451) 1k, "7 %a€F,
Wic7 ey FvEHEEREDOELL (A+B1)/
(B2+B3) V&L, T<BHxIHIbbH, kb I
BLENE W EB7 I a7 F v OoFEGED S b
o ThHot, LEd->T, W{LEEE X URVAD
WHEHIRE & s CHBRER IO o7 2 u Xy
F v ORI L REDEINVH (A+B1)/(B2+B3) 13Hf 4D
T Lz FHli 3 2 HE1E & LTIEHITE %,

ZIT, TIuRTF Oy REERNT R B EIC
B AR EEBICEWTEMT 22 E2EL
T, BERZKIRIC X 37 2 uRy F oGO T
ERET L7, ko UNEIIMEICE ) B0, M
220~25mgRETH Y, LRTT I a7 FrOHE
FHOWENARETH D, AETIE, 7IaxX7Fv
KHgH L RO EILIL (A+B1)/(B2+B3) # TR CHIET %
Hagat L, RIEFE/ERERME S (Fig. VI-5). L
72030 C, XKD UBIC L Z2HE I TH .

DEozZ eps, BkorInyF v ifHES
MICFERRNEMAENRED N, 7IvXrF Vi
$H & BTV (A+B1)/(B2+B3) &, HIEHAED/ME
CFEE b oz DRk O B o FEm R & LT
BEITHD ZEPHS I,

V7 fet SRR R



ACHEE K DBy 7y 1 HE G BT3B R B D 528 & B R E I B9 2 PSR 43

H7E CEAIEE & EFRMERPERO Y Saxy F v
PR A IS S R
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I 5 OALIFEIC B 1T 5 RF K EE H o R 52 1R I 12
1, HBOREZE» Lz ke y B REERE R
EMICHE T2 2 L rEETH S, TEEED XK
DEFZFFEEL Z OMYL AR 2B L MR, X
KAES L OHRAEEONEINE O LYERE F
Kz ) HAEHEE X R % & I TARZE) 2558 <
FUAINTW 5 (P, 2001)., fRko VB iR & L
T, ALHERERBGE (2000) MR L TILRERE b b ok
DEHDOERGH, OFT, ¥ EEES%, kK
HEES0, RVADE— 778 COR_RINT W5, B
#, o ORBKMEZE S OREEMIEH (1
A5, 2004b) DEES N, ZHIHEDSEREINTL
2. L»L, WEOLBERIC SO 3 BHIREDEE
MREL, KREMFTOLE L M EOREKDEED
RKDOSNTWLD,

Rk o B2 R X R BEARE, PEME, MR X
DEZLD, Ko, BAEEOWEELZ TSI LIPS
T3 (EFREFR, 1999). SHEE(LYE: & Bk O L5
IRIREE X, BEEE L EBEICBRLTE D, BIAEE
DEVIZERE 2 Z EDBAS TS FIE, 1987, IATL
5, 2002). —Mtic, SEEAGE & BUBRIREE L, SR
MZEM I ERREOME LM 21, BAREIC X
273I0X7FVEHRENMOECHELSELTWE L
PHEE I N TS (IRTL 5, 2002).

HOIMICB LT, BHELMEIZ Y S oIy F Uk
KD E IV (A+B1)/(B2+B3) & EHELRBEGRIZED S
n, ZTOENLH (A+BD/(B2+B3)IE, HIEHAEL/PE L
FHELE S S 7z DRk o SHE M O e & LCh
MTHDHIEBLPoT,

22T, AETE, LBEERKOFEIRETH S
NI b xo b,y 2RV, EREEBMMOZEIER
EEZONLRIGREERO 5 5, KB O AR
BET 2 EMREL ¥ vV EERICEE T 2 EE
JERICEHL, INoB7 IRy FrOE L KM
DENE (A+BD/(B2+B)IC KUTTHE 2 TR, %
7z, 7 30aX27FvOyFEE L B OB & iR
L.

P28 KREMBE LUVTE
B1E KERMR

afflE TE< B L) e, 2L 7. 40HMEN

LERERY FHEiZ7 72 LEy b (159190 mm, #
AIfE200 cnd) 12 3AVAH 2 34K T20024:5 H 20 H I FEAH L 4%
B %, #FREIEEIZS (D), 12 @), 16 ) o
me L, MW (7TH25HE) FTE=—U NI ANT
Bt L7, HE (@efosEsERELEZR) &, 77
IRy b EALLKRBICBHL, K, T, SiRko3
T O B AIARIIRIE (B (PRI ~T1£5IRF) / I’ (‘T145
WRE~FRI9KF) = 29/25, 25/21, 21/17°C) THME L 7. %
B, HHKMZAREOATITo 2. IR, Bon
7oK =L A b (Kett) THIEHE0% Z THBL,
7 IR —T A IV THIELS0 mesh?D S %\
MBI, RN EZREL 2. £, 90%EHED
HKD> 5 7V A ) 1217 (Takeda S, 1988) Ty % FHH
L 7%.
$215
iy
7 2 uRyF RS O N I3 R 2 Hi 5 5
H LRk T 72,
%31 RVA I & 28 H{LEDRIE
RVA (Newport Scientifictl: RVA-3D) DHI%E S £l
JEDFE @R, 2002) 12w, KkdkhEd g G2,
0.04 % BRI 2 SBRHRIE16 % 12 7 5 X 9 1SRN
L, FHEHEE6.5°C/minTHIE L 72,
$41E ERADPREICELDZIIVIRIES
EDAE
PR 2 it & B (1983) D UFIEICHE WL NTRIV I HT
1% (BRAN+LUEBBE 360) 1= & b HlE L 7=,
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F1E FIOARIFUEMBERIFHICK
FTENREERE L EREREEOTE
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Fig. VII-1. Molar and weight distributions of unit chains of amylopectins.
Symbols: solid line, molar basis; dash, weight basis; @, DP.
Grain filling temperature L, 21/17; M, 25/21; H, 29/25°C (day/night);
Nitrogen fertilizer application N8, 8; N12, 12; N16, 16g/m2
Table VII-1. Molar distributions of unit chains of amylopectins of Hakuchomochi cultivar.
Nitrogen Grain filling Amount in mole (%) Ratio
application temp.(°C)D A+B1 B2+B3 (A+B1)/(B2+B3)
(kg/10a) Day/Night Mean =+ SD? Mean =+ SD? Mean =+ SD?
8 21/17 932 =+ 0.1 6.8 + 0.1 138 = 02
25/21 92.8 + 03 72 + 03 12.8 + 0.6
29/25 920 =+ 02 8.0 + 02 114 + 03
12 21/17 928 =+ 02 7.2 + 02 128 =+ 04
25/21 26 =+ 02 74 + 02 12.5 + 03
29/25 919 =+ 02 8.1 + 02 114 + 03
16 21/17 929 £+ 02 7.1 + 02 131 = 04
25/21 26 =+ 0.1 74 + 0.1 12.5 + 0.1
29/25 919 =+ 0.1 8.1 + 0.1 114 <+ 0.1
Nitrogen application (N) * * *
stk sekok skt

Grain filling temperature (GT)
N*GT ns ns ns

1) Glutinous rice was grown in three phytotrons during the grain filling stage.

2) Standard deviation (n=3).

* %% and *** Stand for significant at the 0.05,0.01 and 0.001 probability levels, respectively.
Ns; not significant at the 0.05 level.
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Rz, 7IaRyFUHEEEREHDIL ABlY (B2+B3)
WRIE B AR & BRI OB 2 G L 7.
7IuXyFUHEEEREOL (A+B1)/(B2+B3) k1D
DY IR =BT ODBFEBUHY TS (Takedal
Hanashiro, 2003),

9 B (BN HAFITOVTTable VII-1ZAR L7z,
T IuRYF U EEHOBEEIZ91.9%~932% T, VI
BIONL EEEHD, i, 7TIuRyFUEHDOHE
G, BEBERICEIDIEEAEEMNML DS, [H—
EEMEE R T EAMBERESSVIZED Do
7o, 5, TIuR7FURHOEAEZ T IuRTF
VS SIS EAIRIRE SR IE E S o T T
a7 FUOMEEEREDEIVIL (A+BD/(B2+B3) I
114~138TH-o7, TIuXrFVEEEEHOE L
g, S|FEEERICLDIZEAEZLL RV, FH—
EEMEERB TR EAHBRESEVIZE NI 2o
7-.

FIfEIC, BEESAEIZO\WTTable VII-2IZ/R8 L7z, B
BOMADOT S0y F VEEOHEEGIIE (L) HAEIC
T LT\ \0hs, (KR & &2 kg
TR E 7 S Ry FrEa#HoE & K Efm DS
RO o, EEMEEOFEIE (V) A6 & Ak
KR SNahot, BEDMOT IurF U EH
DHEEE, PEXZRE, EZAMEE»EVIEES
WA TH o, Fo, TIuRTFUEHEREHED
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HERIIZ3.0~39T, B (&) A &Rk EEIN
RERECIZ ENZ Do Tz,

RiIZ, 7 IR FUVHEMHOEN (A+B1)/(B2+B3)

12 R E g SR & SR L D BIR 12D T
EAGHECRENT U 72145 5 % Table VII-31Z/R L 7z,

7 I a7 HEAEOE IV (A+B1)/(B2+B3) D2
B2 S AR & SRR T86.5%HHTE /.,
F7o, THMIRE L SRR EOMEE % KT 2
L, TEFLVAKROFMEIS5 . 218 LRI E T
66.0, EFXRMETIZ4.4T, EHRMNEOEEINE
CHEAIMIREDWENE OO TRECI EPHL D
Thh, TFAHMEREDA TS 1 %HHTER, 73
07 F U EAEHDE I (A+B1)/(B2+B3) 1343 X
DFEHAE12.412 8 LTI TIE+0.83, il TlE+0.20,
IR TIE-1.02808 7 % Z s fEE S, £, 20
HEEETNMICE D EAIRIRES 1 CRE S L7 I r
7 F v HATSHD TV IE (A+B1)/(B2+B3) 13#540.234 7% <
Kb EREIN,

SB21E B ORVARM LT

RVA (T & % E{LRE (FA7RVU) % Table VII-41Z7R
L7z, BLREME O Wb SRENEMICE =%
EIFBO N eh o, —JF, BRMIMRE S VIZ
ERIEMENE L, TVvA 777 v hE L, ML
AREE L O E— 7 BEDE P> 2

Table VII-2. Weight distributions of unit chains of amylopectins of Hakuchomochi cultivar.

Nitrogen Grain filling Amount in weight (%) Ratio
application temp.D A+B1 B2+B3 (A+B1)/(B2+B3)
(g/m2) Day/night Mean =+ SD? Mean =+ SD? Mean =+ SD?
8 21/17 784 + 1.6 216 = 1.6 3.6 + 03
25/21 809 =+ 25 19.1 + 25 4.0 + 05
29/25 766 + 10 234 + 10 33 + 02
12 21/17 785 + 0.6 215 = 06 3.7 + 0.1
25/21 776 = 19 224 = 19 35 + 04
29/25 747 = 14 253 + 14 3.0 + 02
16 21/17 794 + 0.7 206 = 0.7 39 + 02
25/21 790 = 10 210 = 10 38 + 02
29/25 769 =+ 04 231 = 04 33 + 0.1
Nitrogen application (N) * * *
Grain filling temperature (GT) ok ek ok
N*GT ns ns ns

D Glutinous rice was grown in three phytotrons during the grain filling stage.

2) Standard deviation (n=3).

* k% and *** Stand for significant at the 0.05,0.01 and 0.001 probability levels, respectively.

Ns; not significant at the 0.05 level.
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Table VII-3. Two-way analysis of variance and interactions of temperature during grain filling and

nitrogen fertilizer amount on ratio of the A+B1 chains and the B2+B3 chains of amylopectins.

Source SS DF MS F Ratio Prob>F
Whole model 17 4 4.25 352 <.0001
Nitrogen application
1.05 2 0.53 44 0.025
™)
Grain filli
rain frang 15.94 2 797 66 < 0001
temperature (GT)
Errorl 2.66 22 0.12
Interaction (N*GT) 0.69 4 0.17 1.6 0.226
Error2 1.97 18 0.11
Grain filling . Nitrogen .
RSquare Intercept Estimate™ . Estimate™
temperature application
0.865 124 17/21°C 0.83 8 0.28
21/25°C 0.2 12 -0.18
25/29°C -1.02 16 -0.1

*Multivariate statistical analysis, the Quantification Type I method.

Table VII-4. RVA Pasting properties of glutinous rice flour (16%).

Grain Pasting Peak
Nitrogen filling Max. viscosity ~Min.viscosity Break-down temperature temperature
application temp! (RVU) (RVU) (RVU) °C) O
(g/m?) Day/night Mean = SD?» Mean * SD?» Mean #* SD? Mean + SD» Mean + SD?
8 21/17 385 + 13 104 + 5 281 + 16 60 =+ 03 68 =+ 00
25/21 387 + 3 118 = 4 269 =+ 7 62 + 05 70 =+ 03
29/25 406 £ 5 139 + 6 266 + 4 64 + 03 73 + 05
12 21717 397 + 5 108 + 3 290 =+ 5 59 + 05 68 =+ 07
2521 370 = 4 112 + 1 258 =+ 4 62 + 03 70 =+ 03
29/25 401 + 4 140 + 4 261 =+ 1 64 + 08 73 + 03
16 21717 401 = 3 110 + 1 291 =+ 2 59 + 06 68 =+ 05
2521 375 + 10 118 + 2 257 =+ 12 62 =+ 03 70 =+ 06
2025 400 + 1 143 + 1 257 + 2 64 + 03 74 + 04
Nitrogen application .
(N) ns ns ns ns
Grain fllhng skskok Kk skeksk skskok skskok
Temperature (GT)
N*GT ok ns ns ns ns

1) Glutinous rice was grown in three phytotrons during the grain filling stage.

2) Standard Deviation (n=3).

* %% and *** Stand for significant at the 0.05,0.01 and 0.001 probability levels, respectively.
ns; not significant at the 0.05 level.

RIZ, RVARWILEMER X0y v 7 BE&ERET RCKEE  (r=—0.952, p<0.001), MHLBHAIRE (=

e FUOREEEE#HEDE I (A+B1)/(B2+B3) I -0.867, p<0.001), E—7Z7HE 1=-0944, p<0.001) &

D\ CHIBEIRER % Table VII-5127R L 7=, BEEGEVCAOHBMMEGRIRY o, LarL, &
B TERD SN o,

T IuRyF MO TV (A+B1)/(B2+B3) 25K Fig. VII-2IZ BRI & ST E— 7108

FWIF E AR, BMLBIRIRE, ©— 7 iREIET L7 I uRYFUHEMBEOE L (A+B1)/(B2+B3) 12X
L, 7387 FVH#HOE LV (A+B1)/(B2+B3) & FETHE AR L. E— 7 RE IS AIRIRE 2 v
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Table VII-5. Correlations between (A+B1)/(B2+B3) and RVA pasting properties (n=9).

(A+B1)/(B2+B3) Max. Min. Break- Pasting Peak
Weight Mole viscosity viscosity down temperature temperature
Max. -0.357m  -0.443ns
V1SCOSIty
Min. L0638 0952 0.531ns
V1SCosity
Break- 0380 0.651* 0327  -0.627m
down
Pasti
asting 05625 0867 0157 0903 -0.866
temperature
Peak , . .
-0.643n  -0.944™*  (0.375m 0.979* -0.747* 0.958*
temperature

. -0.206ns  0.007ns 0.056n
Protein content

0.127ns -0.103ns 0.291ns 0.2020s

* %% and *** Stand for significant at the 0.05,0.01 and 0.001 probability levels, respectively.

ns; not significant at the 0.05 level.
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Fig. VII-2. Influence of grain filling temperature and the amount of nitrogen fertilizer on
amylopectin chain-length disribution of glutinous rice. Grain filling temperature L, 21/17;
M, 25/21; H, 29/25°C (day/night); Nitrogen fertilizer application N8, 8; N12, 12; N16, 16
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Effect of Temperature during Grain Filling on Molecular Structure of Rice Starch from

Hokkaido Cultivars, and New Eating Quality Evaluation Method of Rice
Toshinari Igarashi

Summary

The aim of this study is to investigate the effect of temperature during grain filling on molecular structure of rice
starch from Hokkaido cultivars, and to develop new methods for eating quality evaluation of rice. The following
subjects were examined to achieve the aim: 1) the influence of temperature during grain filling and of the location of
grains within rice panicle on the amylose content in a major Hokkaido cultivar, Kirara397; 2) the molecular structures
and some properties of rice starch from Hokkaido cultivars, Hoshinoyume, Kirara397 and Aya, and a comparison
with those from an Akita cultivar with good eating quality, Akitakomachi; 3) the influence of the grain-filling
temperature on the super-long chain (LC) amount of amylopectin and on the unit-chain distribution of amylopectin
determined by the fluorescent labeling/HPSEC method; 4) the influence of the molecular weight of amylose on the
maximum absorption wavelength (Amax), and of the temperature during grain filling on iodine absorption spectrum
of starch and starch pasting properties; 5) the unit-chain distribution of amylopectin from japonica waxy rice cultivars
having different hardness of rice cake, and the relation of the chain-length distribution to the hardness; 6) the effects
of grain-filling temperature and nitrogen-fertilizer amount on unit-chain distribution of amylopectin from glutinous
rice, and the production of glutinous rice with stable quality to meet market demand in Hokkaido.

1. The influence of temperature during grain-filling and the location of grains within rice panicle on the
amylose content

The factors of the variable amylose content of Kirara397 harvested in a cool distinct Hokkaido were analyzed:
grain-filling temperature, planting year, planting types of seedling, heading date, and the location of grains on
panicles. A significantly negative correlation was found between the temperature and amylose content. The result
indicated that temperature influenced the amylose content, largely especially when the accumulated temperature
during grain filling was below 800°C. Also, a significantly negative correlation was observed between the seedling
ages and amylose content. The standard deviation within the amylose content of grains from panicles of the same
heading date ranged from 0.38 to 1.34%. The amylose content varied by location of grains, and was higher in the
upper position than that in the lower position. In addition, the amylose content of grains on the primary rachis
branches was higher than that on the secondary ones. The possible reason is that the starch accumulation in grains on
the primary rachis branches was superior to that on the secondary ones. On the other hand, the amount of milk white
and white belly grains on the secondary rachis branches and in the lower position was high. Also, the amount those
grains negatively correlated with the amylose content. These results indicate that in order to improve the quality of
rice in Hokkaido, reducing the number of grains on secondary rachis branches is essential. Also, breeding cultivars
with higher ratio of primary rachis branches is necessary.

2. Molecular structures and some properties of rice starches from Hokkaido cultivars

The molecular structures and some properties of rice starches from Hokkaido cultivars, Hoshinoyume, Kirara397
and Aya, were examined and compared with Akitakomachi. The Hokkaido cultivars showed a Ca type of X-ray
diffraction pattern whereas Akitakomachi showed an A type. The actual amylose content of Hoshinoyume and
Kirara397 were 18% and higher than those (16%) of Aya and Akitakomachi. Pasting properties determined with RVA
showed that Hoshinoyume and Kirara397 had smaller maximum viscosity than Aya and Akitakomachi, and smaller
breakdown and higher setback than Akitakomachi. Iodine affinity of amylose from Hoshinoyume and Kirara397 was
approximately 19 smaller than those (20) of the others. The average number of degree of polymerization (DPn)
showed that Hoshinoyume and Kirara397 (~900) were almost the same as Akitakomachi and were smaller than Aya

(~1000). The average number of chains of amylose was 2-3. The molar-based distribution of the Hokkaido cultivars

was wider than for Akitakomachi. Iodine affinity of amylopectin from Hoshinoyume and Kirara397 was 2.5 times
higher than for Aya and Akitakomachi. The DPn of Akitakomachi (9400) was largest whereas that of Aya (7600) was
smallest. The amylopectin from the Hokkaido cultivars had the average chain length with residues 1-2 shorter and {3-
amylolysis limit slightly higher than that of Akitakomachi. The amount of amylopectin super-long chain from
Hoshinoyume and Kirara397 was 2.3-3.5 times higher than for Aya and Akitakomachi. These results suggest that
cooked rice of Hokkaido cultivars, except for Aya, has inferior eating qualities due to a higher content of amylose and
amylopectine LC compared with Akitakomachi. Thus, as well as the amylose content, the molecular structure of
amylopectin, especially its super-long chain, should be paid much attention in rice breeding for better eating quality.

3. Grain-filling temperature of rice influences the amount of super-long chain of amylopectin and its unit-
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The influence of grain-filling temperature on the super-long chain (LC) amount and unit-chain distribution of
amylopectin was examined by the fluorescent labeling/HPSEC method. The grain-filling temperature (°C, day/night)
of L21/17, M25/21 and H29/25 using Kirara397 gave the LC amount of 2.58%, 1.30% and 0.48%, respectively,
indicating that the lower temperature increased the LC amount. The lower temperature showed higher molar and
weight ratios of short to long unit-chains, (A+B1)/(B2+B). These findings were confirmed by the experiment using
five cultivars and four lines of rice recently bred in Hokkaido together with Milky-Queen cultivated at a slightly
different grain-filling temperature of L.22/16, M26/20, H30/24 and HH34/28. The increase of LC amount per 1°C was
calculated to be 0.542%/°C, 0.152%/°C, and 0.037%/°C in the temperature range (average temperature of day and
night) of 19-23°C, 23-27°C and 27-31°C, respectively, indicating that the low temperature increased the LC amount.
It was also found that the LC amount was higher for low-amylose cultivars than for non-glutinous cultivars, and that
the grain-filling temperature less varied the LC amount of the non-glutinous cultivars. Therefore, for the future rice
breeding for cooked rice with good texture, rice cultivars which have a low LC amount and also a rigid amylopectin
structure even under different grain-filling temperature should be developed. This might be achieved by the gene
analysis of enzyme(s) involved in the biosynthesis of amylopectin.

4. Analysis of iodine absorption curve of starch by chemometrics to evaluate the eating quality of rice

The amylose content of milled rice is usually determined colorimetrically by the iodine test. An automatic analyzer
was developed to obtain the iodine absorption spectrum ranging from 400 to 900 nm. Using the device, the influence
of the molecular weight of amylose on the maximum absorption wavelength (Amax) was examined. Also, the
influence of the temperature in the grain filling period on the iodine absorption spectrum of starch and on the starch
pasting properties was examined. The Amax of the amylose was 598 nm with molecular weight of approximately
70,000 and higher. A positive correlation was observed between the absorbance at Amax and the amylose content. The
Amax showed a shorter wavelength in the rice grown at a high temperature during grain filling. The shift of Amax by
temperature during grain filling was larger in the low-amylose varieties (dull) and breeding lines than in the non-
glutinous varieties. The difference between the minimum and final viscosities in RVA (Y) was shown by an equation,
Y = (29.7X-27.1)/(0.73X-0.72), where X is the ratio of absorbance at 400-600 nm (Fr.I) to that at 600-900 nm
(Fr.II). Thus, the Amax and the Fr.I/Fr.Il ratio can be used as efficient eating-quality selection indexes in rice
breeding.

5. Evaluation of hardness of waxy rice cake based on the amylopectin chain-length distribution

Waxy rice is used for staple and processed foods. For its effective breeding, an evaluation/selection index has been
required. In this study, the unit-chain distribution of amylopectin from japonica waxy rice cultivars with different
hardness of rice cake were analyzed by the fluorescent labeling/HPSEC method; the relation of the unit-chain
distribution to the hardness was then examined. The difference in the amylopectin structure was found among the
cultivars. Waxy rice producing soft cake, such as Hakuchoumochi, has shorter unit-chains (A+B1), and fewer long
unit-chains (B2+B3), than that producing hard cake, such as Koganemochi. The molar ratio of (A+B1)/(B2+B3),
which is considered to be the number of chains comprising a cluster of amylopectin, was 10.1-11.7; the ratio varied
by the cultivars tested. The molar ratio determined by fluorescent response of size excursion HPLC was much more
reliable than the weight ratio obtained by RI response because of the stable base line during HPLC. A negative
correlation was found between the molar ratio and the hardening of rice cake. Waxy rice having a molar ratio of 11 or
below appeared to be suitable for processing use, and 11.5 or higher for principal food use. Thus, the molar ratio (A
+B1)/(B2+B3) of amylopectin unit-chains can be one of the useful evaluation/selection indexes for the breeding of
waxy rice.

6. Effect of temperature during grain filling and nitrogen fertilizer amount on the unit-chain distribution of
glutinous rice amylopectin

The effect of temperature during grain filling (day/night, high 29/25, medium 25/21, low 21/17 °C) and nitrogen
fertilizer amount (8, 10, 12 gN/m?2) on the unit-chain distribution of glutinous rice amylopectin was examined to
produce glutinous rice with stable quality to meet market demand. The molar ratio (A+B1)/(B2+B3) of amylopectin
unit-chains ranged from 11.4 to 13.8 under such condition. Multivariate statistical analysis, the Quantification Type I
method, was adopted for the estimation of the effects of temperature during grain filling and nitrogen fertilizer
amount on the molar ratio (A+B1)/(B2+B3) of amylopectin unit-chains. The variation in the molar ratio was
explained in 86% by the temperature and nitrogen fertilizer amount. F value was 35.2 for the whole model, 66.0 for
the temperature, and 4.4 for nitrogen fertilizer. The difference of the molar ratio against the average value of 12.4 was
determined to be +0.83, +0.20 and -1.02 for the low, medium and high temperatures, respectively. These findings
implied that the temperature during grain filling influenced more greatly than nitrogen fertilizer on the molar ratio
and that the molar ratio decreased per degree rise in temperature. In other words, the amount of the A and B1 chains
composing of single cluster increased at the low temperature. The high temperature was also found to increase the
minimum viscosity and the pasting and peak temperatures of starch. Therefore, the high temperature of the ripening
stage is the necessary condition to produce glutinous rice corresponding to the market needs.
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