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Characteristics of Low-Glutelin Rice for Sake Brewing
—Studies on Rice for Sake Brewing—
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The characteristics of new low-glutelin rice hybrid varieties suitable for sake brewing were examined.
With regard to cultivation properties, the culm lengths of the low-glutelin varieties were 4-17 cm shorter
than that of Nipponbare and they had better lodging resistance. In an analysis of brown rice, the weight of
1000 grains of low-glutelin rice was in the intermediate- to large-size range. The ratio of shinpaku was low
in some low-glutelin varieties but high in others. When polished to 70%, the low-glutelin rice varieties had
much lower protein body 1I ratios with respect to protein body I than Nipponbare. In a digestibility test,
the low-glutelin varieties exhibited much lower F-N. In sake brewing, the low-glutelin rice produced very
low amino acidity in terms of isoamyl acetate, but had higher isoamyl alcohol and L-malic acid contents;
fermentation progressed slowly. These results suggest that the low-glutelin rice varieties possess unique
characteristics for sake brewing.

[Key words: low-glutelin rice, LGCI, protein body, cultivar, sake brewing]

SER LZEERIEI VT ) VAR, BT NEZHETHD. BEREILT Y VKOBRRKETH D
YUk Ao—v— 1 LEEFEXRTHDIREIREL FREXT LAY —— 1iE, KV EOERTTH
TSR L ORMEIT LY, BWOKES DB R ERT RS D, MEBETHLINGWIALT YV OEEMENE
BERES - TENEBEFRE L ¥ — L OERITERE WO ERETHZ LMD, hu Y —HIREETHERYE
BRLRECHERFRERITORIBR L L THEKRIEF~
ORABRHFEEATVWS., BETTIC, Z0k)R1E%

*##&%, Corresponding author.

TEL. 075-611-4101 FAX. 075-622-3510 BRLBE~OMERS L L TRARBRLRESNTE
E-mail: mizuma@kzkappa.co.jp D, REBOEITOBEICED THD I LRHLMNICLS

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

504 7K H

Bk b

AVIFE $80%

nTnsd.h

—77, BEBEICRSOTIE, BEEREEKICEENDF
VRIVBRBABPTT I ) BIIHMENDZ LD,
FEOT IV BERIKREREEBYEZ 5 LRMbN
TWD. 7T /BRITBBIEERCRES 25252 KK
T, MWOFR LY, BEOKRTE -T2 L &
%%, EbIZiE, REOBRRZBEEZRD 5 EEE OE
Brbob7 I VBROVEVWEBEREENTNE.Y 20
IO BRRATIZEBNT, HE, KF V7 EROFEEK
mEOBEEN, FTETEET-TETWVWELEEZILNS.
FITABRETIE, BIVT Y vk pdo——1 &
B EK & ORI L EREN-EERIE S LT Y
VEOREBEKREHERA LML, BEBEE~OFHAER
N

B A5 &

FRFEK BSATBREATENEBENE Y 2 —T
BREINFZEESERESNT Y VK THBLINE 997 ~
1007 R & EA L7 (LLF, ZINHREEH). 997~ 1005
REBLCN007RMITT AP ——1 & BESE L DX
BIZLVBONTERETHY, 1006 RKIT= L O——
1 EERLORHECLIVBONEZRETHS. £, W
THORB L Fett RO b DO THS. tREEE LCidgl
RRETHBH ALY ——1, RELSHBLOa DY,
AAREZEMR LK (Table 1). 23, 2 bidT_RCHE
MEREMFE L Z—IcBWTR—BRE CRiE s n-F

Table 1. List of 15 samples.

No. Variety Combination Generation
1 Koshihikari — —
2 Nipponbare — —
3 Hyogokitanishiki — —
4 LGCI — —
5 Tashu-kei 997 LGC1 / Hyogokitanishiki F6
6 Tashu-kei 998 LGC1 / Hyogokitanishiki F6
7 Tashu-kei 999 LGC1 / Hyogokitanishiki F6
8 Tashu-ket 1000  LGCI / Hyogokitanishiki F6
9 Tashu-kei 1001 LGC1 / Hyogokitanishiki F6
10 Tashu-kei 1002 LGC1 / Hyogokitanishiki F6
11 Tashu-ke: 1003 LGCI / Hyogokitanishiki F6
12 Tashu-kei 1004 ~ LGCI / Hyogokitanishiki F6
13 Tashu-ket 1005  LGCI1 / Hyogokitanishiki F6
14 Tashu-ke: 1006 LGC1 / Nadanishiki F6
15 Tashu-kei 1007 ~ LGC1 / Hyogokitanishiki F6
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Table 2. Results of cultivation tests of 15 samples.
No Variet Heading Maturity ~ Culmlength  Earlength  Ear number Yield Lodging resistance®
’ Y time time (cm) (cm) (Ear/m?) (kg/a) (0-5)
1 Koshihikari Aug.6 Sept.14 97 19.8 366 65.3 2.3
2 Nipponbare Aug.13 Sept.29 90 19.9 388 55.9 1.3
3 Hyogokitanishiki Aug.b Sept.15 86 215 286 57.4 0.3
4 LGCI Aug9 Sept.16 - 76 21.1 363 62.1 0.5
5 Tashu-kei 997 Aug.11 Sept.18 73 18.9 385 55.3 0.5
6 Tashu-kei 998 Aug.11 Sept.17 78 21.1 340 59.4 0.5
7 Tashu-kei 999 Aug.10 Sept.19 83 21.3 301 63.4 0.5
8 Tashu-kei 1000 Aug.11 Sept.24 86 21.3 305 62.8 0.8
9 Tashu-ker 1001 Aug.11 Sept.26 85 21.0 325 68.3 0.5
10 Tashu-kei 1002 Aug.11 Sept.23 86 19.7 323 60.9 0.3
11 Tashu-kei 1003 Aug.12 Sept.24 74 17.9 405 58.0 0.0
12 Tashu-kei 1004 Aug.11 Sept.20 84 20.2 347 61.8 0.5
13 Tashu-kei 1005 Aug.11 Sept.24 79 20.1 269 55.3 0.0
14 Tashu-kei 1006 Aug.15 Sept.29 83 22.2 310 59.6 0.5
15 Tashu-ker 1007 Aug.14 Sept.30 86 20.2 296 58.1 0.3
*A higher number indicates a lower lodging resistance.
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Table 3. Morphological properties of brown rice.

. 1000-.kernel Ratio of Length Width Thickness Content of Po!ishiflg

No. Variety weight shinpaku  shinpakunagare haraziro muhaku crude protein  time
(8 (%) (%) (%) (%) (mm)  (mm) (mm) (%) (s)

1 Koshihikari 20.6 — — — — 5.45 3.09 2.21 8.2 1110
2 Nipponbare 20.6 — — — — 5.51 3.07 2.16 7.9 860
3 Hyogokitanishiki 28.6 22.0 32.3 31.2 14.5 5.92 3.39 2.50 8.3 480
4 LGC1 234 — — — — 5.57 -8.17 2.28 7.2 690
5  Tashu-kei 997 25.4 7.0 9.5 26.2 57.3 5.61 3.38 2.35 8.0 660
6  Tashu-kei 998 25.3 7.5 16.1 19.3 57.1 5.79 3.36 2.35 7.6 560
7 Tashu-kei 999 25.5 41.0 28.5 15.6 15.0 5.63 3.31 2.33 7.4 580
8  Tashu-kei 1000 25.6 26.1 41.9 20.8 11.3 5.67 3.28 2.34 7.6 580
9 Tashu-kei 1001 25.4 24.9 14.3 43.3 17.6 5.62 3.22 2.31 7.6 650
10  Tashu-kei 1002 26.2 46.3 12.0 23.8 17.8 5.57 3.37 2.36 7.0 560
11 Tashu-kei 1003 26.9 12,5 36.7 36.4 14.4 5.49 3.48 2.37 7.2 560
12 Tashu-kei 1004 27.0 28.7 14.3 6.0 51.0 5.83 3.34 2.31 7.4 650
13 Tashu-kei 1005 98.9 49.6 25.6 16.6 8.2 5.75 3.42 2.48 7.6 440
14  Tashu-kei 1006 24.7 1.6 13.2 8.6 76.6 5.75 3.22 2.27 7.6 860
15 Tashu-kei 1007 29.5 36.1 16.1 12.4 35.4 5.53 3.27 2.48 7.3 510

*The rice was polished to 70%.

Table 4. Properties of 70% polished rice.

Content of Starch- Water absorption Absorbed Digestibility

No.  Variety  crude protein potassium  Value 90 min 120 min ratio water (ST*)  Brix  F-N  residue
(%) (ppm) (dry%) (%) (%) (20/120min) (%) (%) (ml) ®)
1 Koshihikari 5.0 542 89.1 24.6 28.5 0.86 32.4 8.3 0.47 15.7
2 Nipponbare 5.5 594 87.5 26.3 27.9 0.94 31.0 7.6 0.50 16.2
3 Hyogokitanishiki 5.2 570 87.5 26.8 27.4 0.98 33.0 8.7 0.54 14.8
4 LGCI 5.1 544 88.0 24.4 25.6 0.95 29.2 7.5 0.29 18.4
5  Tashu-kei 997 5.5 596 87.9 24.1 25.1 0.96 27.4 7.4 0.31 15.6
6  Tashu-kei 998 5.0 541 88.2 22.9 23.9 0.96 26.0 7.4 0.31 17.5
7 Tashu-kei 999 4.8 518 89.6 26.3 27.1 0.97 29.7 9.0 0.35 14.3
8 Tashu-kei 1000 5.0 541 86.9 26.5 27.7 0.96 29.1 9.5 0.37 13.4
9 Tashu-kei 1001 5.0 541 88.4 25.5 26.6 0.96 30.5 8.8 0.35 14.2
10 Tashu-kei 1002 4.6 496 86.7 25.6 26.3 0.97 29.1 9.3 0.33 13.6
11 Tashu-kei 1003 4.5 485 86.1 24.6 24.8 0.99 27.6 7.9 0.28 18.2
12 Tashu-kei 1004 4.7 509 89.5 24.6 25.4 0.97 28.3 8.7 0.33 16.6
13 Tashu-kei 1005 4.8 523 88.2 26.3 27.4 0.96 30.8 7.4 0.30 17.2
14 Tashu-kei 1006 4.5 490 89.1 25.1 27.9 0.90 32.4 8.2 0.32 15.2
15 Tashu-kei 1007 5.1 545 88.4 23.7 24.8 0.96 28.3 7.1 0.30 18.9

The rice was polished to 70%.
*Water absorption rate of polished rice grain after steaming.
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Fig. 1. Distribution of rice varieties according to protein body

contents and PB-II/PB-I ratio.
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HEMTHDEEZOND. TEREBEEILRDRL,
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Table 5. Componéms and sensory scores (total balance) of fresh sake.
Sake - Amino  CO2 Volume - Weight Isoamyl Isoamyl Ethyl E/A S:::;E)’
No. Variety meter Alcohol - Acidity acidity evolution of s_ake of sake acetate alcohol caproate x100 (total
. obtained cake balance)
(%) (ml) (ml) (® (ml) ®  (ppm) (ppm) (ppm) (I-5)
1 Koshihikari +1.5 18.9 2.59 0.97 52.9 257 128 11.5 287 0.6 4.0 2.3
2 Nipponbare -1.5 19.1 2.92 1.61 52.2 256 129 11.2 281 0.6 4.0 2.6
3 Hyogokitanishiki ~ +2.0 19.3 2.86 1.44 53.2 264 121 13.0 326 0.6 4.0 2.6
4 LGC1 +2.5 18.9 2.73 0.93 51.2 247 137 12.9 330 0.6 3.9 2.6
5  Tashu-ker 997 +3.5 17.8 3.04 0.64 48.3 243 144 8.2 408 0.6 2.0 3.2
6  Tashu-kei 998 +1.5 17.5 2.97 0.64 47.1 240 146 9.0 396 0.5 2.3 34
7 Tashu-kei 999 +1.5 18.2 3.07 0.62 47.6 246 141 8.5 389 0.5 2.2 3.1
8 Tashu-kei 1000 *0 18.0 3.03 0.59 51.8 249 137 9.1 386 0.5 2.3 3.0
9 Tashu-kei 1001 *0 17.5 3.00 0.61 51.3 242 145 8.8 378 0.6 2.3 3.1
10 Tashu-kei 1002 +0.5 18.0 3.09 0.54 49.3 242 145 8.4 389 0.4 2.2 3.0
11 Tashu-kei 1003 +0.5 18.0 3.03 0.55 48.0 237 149 8.6 395 0.5 2.2 3.0
12 Tashu-kei 1004  -0.5 18.1 3.12 0.64 49.1 241 145 9.2 438 0.5 2.1 29
13 Tashu-kei 1005 +3.5 18.0 3.03 0.56 50.5 244 149 7.0 283 - 0.7 2.5 3.2
14 Tashu-ket 1006  +1.5 17.7 3.15 0.55 51.3 245 147 9.5 323 0.8 2.9 3.2
15 Tashu-kei 1007  +3.0 18.4 2.91 0.70 49.2 237 146 11.3 423 0.6 2.7 3.1

*A lower number indicates a higher evaluation.
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TI/BEBDPRWVEESGAEINDZ 0D, BifgA
VT INDERBBRERERDT I /) BENEETDZ
EERALMNIILTNS. ZOBEND, KROT I B
BOVRVEIZ AT Y VKX, 4 YT INT I a—un
EAEE IS —F T, AREBHI L~ T AATFase &I
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BELZ RIITTMIOVWTRIEZITo .

BI7NT Y KTHD 1001 TREOBEKXDT I/ BE

Ala

Fig. 2. Comparison of amino acid composition in polished rice.
The amino acid composition of Tashu-ke: 1001 is shown rela-
tive to that of Hyogokitanishiki.
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R% Fig. 2 \OR LTz, 77 7 13BRMOKEALSRIT3$
31001 ZHDOEREETI/BILIRLEHLDTH
5. 1001 RFITEEIHICL 5T Tyr BEL ol
N, FOMOT I/ BERBIIHEELERIRD LR
Mofe. WA G119 I PBOERKRY RTF FIZ21WTD
7 3/ EEMERK % cDNA OREERITICESEREFTL TR
D, FOREEND, PB-1 L PB-TOHEKRT I/ BEHEMIZ
EENBOLNS. Lol ARV TTR
EEAEE LK T LT U VKo 1001 M T Tyr ZFREBRE
RERIBDOLNENo7-. T, PB-1 £ PB-TIOT
I EEEROERIT, WAEDOPB-1/PB-UTLLLDERIZ
LB Eh, BRELT, BXPORHERT I /B
B Tr *BREFERZRENS R R oTLLERA DN
Thabb, mRfEE, AXPOT I/ BEERICE Tr &
BRWTHEERERIALNLZVAE, TN PB-1HH
EPB-IOWTHILEZL FETLIPBRRL>TNDLIHD
LR EAN. BERERZAEL Tyr (PB- 1 2EIC

BERLTWA18kDa D 7Fa T I VIZELFEELTWS

Zemb, PB-1/PB-IHBEWVIIRETIE, 8F&
BEL holmtE2z NS,

Fig. 3 \CIXBRBE R 07 I/ BRAKIZ 21T 1001,
1003, 1006, 1007 D 4FZHKIZOWT, FRICEEILHIC
T BEREOERER L., T IR LE 4 RSN
DENARRIEIL, 4 FEDOTRKME L H/IMEDOHIZALEL
7o, ZORRLY, ZIIWWRLIEZ4ARKEEDETOE
WHI, ZERZKEOT IV BOBKE LD ZLERALR
Ligol-. bbb, Met, Arg R DD T I /B,
ITEEISHD20~60%BEDEHFELRLY, Met, ArgD
HBEWERA—EICH DN, B G190E, Met i

Fig. 3. Comparison of amino acid composition in sake. The
amino acid composition is shown relative to that of Hyogo-
kitanishiki. Symbols: @, Tashu-kei 1001; &, Tashu-kei 1003; O,
Tashu-kei 1006; A, Tashu-kei 1007.

PB- MIZ< 5_RTPB- | TERICFETHILEHEL
TWBZ EMD, 1001 H%H THEPB- I BEEFICL Vo,
HAHBPTEMINIIL K, HABE~OBITENI V2L
Rol-bDEHREINE.

FlArgDgGE, DT I JBEELEL, PB-1IZHT
ZERBIZEZICEFRVICLEDLL 19 RIKBE D
Arg BRI, o7 I/ EBEXVIES Lo TS, £DFE
HIZRBATH B, K LT Y KT PB- D OEIEGHN
K<, bARPIBEHTDF U/ BOREN VR 2
-0z, BRORBBLE(L, Arg ZBIRAJIZEDY
RATEZ LR EREZBND.

Arg FBEOHFBETIE b L b RICFET HHRT
T/BTHY, BMTHRIMEAD 24X 5EFETH
5. ZOREDIEINT Y Kk ERAWZRBED Arg 5 &
MEZEIENZ L 1E, FRICKEREEEZEZ TS L
Bbni.

BREMOZERIZONTIE, Arg (BEMRE31.2%) T
& bKEL, Lys (7.2%), Glu (8.0%), Asp (8.6%), Gly
(9.7%) TIh&EL Ipot=. F72, 1007 %#HIZH DT I/
BTRLEAEENEL-TRY, BT I/ BEELS
WZ I HAE LT (Table 5). #iZ, Thr ixZ DD %
B L TEWERRL -7, E6IT, BEMEHR
I # > 1006 ##E 1% His, Gly, Gln TRIEE & o7
B, ZOMOT I/ BITFHNRETHY, EELHE
BREICHEORKEEEEERERIRD NN o T2,

B EDOA B  Table 6 (CHKBEO A BEES
HEEZTLE. VU IBERREET, BREBERRICES
1006 Z#ILREALS & RIFRE Th 7243, £DMDELI
ZTIE, ERELSICS BRTI2~1.6fF&7%0, BXHM
bOT I )BBHENDRWES LT Y UKk TELS 2o
7o, ¥77, angBIIRNTH Y I L ITERBROM
FAKR SN, KEAS DT IV BEREDORL DHELK
DORBRBRER»LT I/ BEENDVRVELEY TR
BLOan/BOSHEEVNES RolttBRELTEKY,
AL AB LT,

EEREAERTOY v IBOARER, 7 a—AER
TCA B THEITT 3 LROKREWEET CHREES N,
Bz, [ERVIERIBE L EOBBOBEEINELS, FBEEC
RYMA2ETHLOREB T CHREEEIND LEZADN
TV5.2) BFEEBERROBR LY, ZIRICBNTE
EREARER 7 & ORI HE L TT Va2 — /L OAERBE
<, REEHABENDLRNZEND, Y TBEREE
ENRTVWERMLET CRENET LILEEXbNI. X,
BIG 2 @EKPON T UVBERLBRBEDY
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Table 6. Contents of organic acids in fresh sake.
Pyruvic L-Malic Succinic  D-Lactic L-Lactic Acetic
No. Variety acid acid acid acid acid acid
‘ (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

1 Koshihikari 45 257 792 253 394 54

2 Nipponbare 67 313 729 323 317 112
3 Hyogokitanishiki 28 316 733 288 353 67

4 LGCI 62 Y | 808 273 381 51

5 Tashu-kei 997 63 448 777 236 350 99
6 Tashu-kei 998 58 489 858 222 384 80

7 Tashu-kei 999 - 48 452 960 214 361 90
8 Tashu-kei 1000 54 489 939 232 309 73

9 Tashu-kei 1001 61 490 933 232 324 85
10 Tashu-kei 1002 51 507 952 215 314 80
11 Tashu-ket 1003 56 511 936 242 401 84
12 Tashu-kei 1004 57 516 912 173 275 93
13 Tashu-kei 1005 80 375 774 230 378 147
14 Tashu-kei 1006 77 316 748 285 359 107
15 Tashu-kei 1007 50 477 - 924 229 349 80

TRRERIT, EOMBBREROZ L ZME LTV B,
ZRFZOFTY VIBERBICERBRBDONDLZ & b,
JRREKR P DN T UBBEEL TV B REERE X 5
niz.

UERULIEE DL, EIAVT Y kL, BICRRED
TIJBEENDRLRBETTRL, PB- 5 &N
BRTHLHDIIEBORBICEEL, £ L CTRRIEDE
HIZObEBELROLTWHEEZLNRS. 20X
BINT Y U KOWERE LTORMI, HBREOEITIC
BELLET IV BEOEVEBEORME L FIRRICTS L L
biZ, EHHE LI EBELABET D LcbE5THL%E
Z bz,

£ 39

BINTY RN —— ] LIBEFERTH D E
FEALSRE 7o i8R & O MIC X BRI N EERIE S
NT U UKFREITONT, RS 2T U, 1558
ENOFN A ERR. (1) SR CIE, HEESIcBWT
TEAESR L 0 B, RBAHIIREM TERNE L.
FREITER~ R TH » REILS L Lk L CRIREH
518 em &<, MERMES BEFTH -7, INEMITRE
SR Th 72, (2 LRIV T, THRE T PR~
RRFEICB L. £72, LAEEOARNRIAED0E
EBEBMMENRFE L, H40%BL EOBENRBEICSHT Hh
2. G)BXRRFHEICRBWT, Y vV BEE BT RELS

LHEB L TROREVMETH - 72, AT, 120 450%
KFBIZEBNTH 25% LA FOWRANENRFE L, BEEFE
KOS L F L~V L ED BIF Bk R+ R
BHLNT., TaTA VR 4 EEBDOBIEDREE, PB-
IE8RETAY—— 1 BIOEERKES LT Y V¥ %
TS, PB-I1ERIIEL RoTe. £, ZO8MHT
TNV — I Db TRTCOEERERINT Y v ¥2H
(ZHI EMBN TV, R TIL, ZRRARICE
WTBEERE VT U VK RMIZEL 2 0, Brix i1l
BT AVT Y RICB O TEEFEX Th % Ll %
EEIDFZEBEFEEL, 7ANE—LREERICBOTIHE
WEE o7, ) EERERBROBE, BEREI T
U VRITHEEN D DZ0NITHEIT L, LR FRH R
BN H 7. T ) BEREERIEI LT Y v
KTELOTEWEEL 272, ZOFEEE LTI, PB-
I & PB- MDA R Y, BiH{ED PB- TE &M
BV ORBBICBITI A7 I JBENED L L
Ez bz, ) EHABTREY TIIBBEA Y 7 INHBE
<, AVYTINTAa—LAR"EL kot BEERIZEB
T, VramE R, RELSIC bNEEREI LT
YU KITBW TR L6ERERLET S RENTFELE.
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