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HEMIZEL TWDLROAL—V T NDp 5 HAKEFETN S & DT, BNE
D LR HLHRG RS TWD, F0H, Ak b EbN TG, F0OM
KDL ATHEMNCE L G EN. FIRMLRINEBEICEEN TS, AEKD
FEFRIZKICE ENDEBEOFEWVICL D RES RO 3IMEITpEIND, 1) BXK
HAHVTEREKLIETN, Ty b T=v 280 bo, i) REEFTh, ¥
Yo, ATRUEEDRLO, i) FEKEEEZNR, ZJurr T EEDRLO,
Fo. BT OWESCH I EIEZNER, RKICIEBEERST v F A
DU ERR, F L TREKICIEEGCMATIREER. EER R H 5 LS
TWB Y, BRI FIMEME L LTIE, T by T =2, a7 vy by 7=y
VL, T/ =g, TR A R havza—)b T4 F UKD y-A
P 3ds ¥, Lonl, 2RO ORMBIEWE L. B SN HEICIT R
OB RNSTE NI HELH B Y, FIo. invitro T, KRFORY 7= ) —
NNV EZDOELEZBD SV IBRCA—R—FF L RO AL H —
PELION X T —E7 EOHBLEZ OGO A B L= ®iE b & 5 o7,
HEAOMIZT > b T =28 0AEEME LTRSS TWAEMICT A
VRIAZABD DY), UAN KT A ZAZACKIFEED KDIZE W T, <
LIFEROFRE L LTEINTE L, FERHATITIOBEOERDOZEDIEK LTz
~aEXTERMELTWS, £, BRTIE, v a2X 0 oBRR L EBRERE
DT Z~aEXI LI, BWER, BE, BREBOgE R SICAVbLNTE
O DAL RIA RIERED X LR IE . T B VU EESTRIEEO
BRTHD Y,

BRI BY OF ORMZE TN BT D IRFHEIN T 2 BEL P - 5@
EROMAEM TH D, BITHEO M TH 5 EBEC BN A B R S
ZboThs Y, TOHREMALT, BANTELS L0 il E, &Y
EWVN o TR R QBT ETE S TE -, TO—ONETH D, FLHRE TIIH
O TfE) & LTHED X S 7, ZKITRKZ M2 ERRZER L CillE L T
B IHO ST, BIREIESRZBO %2 L > TEE, ZhZ2REIOREOR
T 5 R L > T2 D, 20 hEE TR H50IF TERE] & v,
BAETHAETIZZDFIELZMA L TWD O B LAREIC 3 5 B D 281
B LT, M CHRUE L7z kA O 72 1l OB LRE A SLEBR T B2 RE &2 ) 5
ZLETHESNDZENRESNL TS T, E-BHEAHVC, FhyxE
ERLT 52 LT, A = AORENTRETHH Z LR | b ME
RPN B2 A 2 O 7o LB b O RRETs B Bk 2 W oA EKRALE B o5t



Bt 2 W at LT FR N i ST g 9 fEEIE. Monascus J& 0 SRR &
B & HALEADOE TH R LV EICHE - SBHG TR, ZR0E. ALILE 2

EDORELE LTHWORTE e, MEOHE IREMHA ] (b THRIEm] T
JREE'E | OXREE AT HEEKE LTHRHAINTE e, B, ZO/EICEN

IMEETERNS D 2 ERER S TNS 02
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R EE L. FOPRLIEZ P OISO Mt 21T - 72, RGeS LT, &£
Ko B, HIW, 7V a— VBB O A BB C o bEE O R 21T o 7o, F
72, THIVE TOARNIER Ak L THY MLA T& - IERE T L 2 — L3 EEED
B Z RS 272010, BHERIE LTU Y —F 2ABERFEO A I F— L4, #iH
BLOREZ VTR 21T - 72702, S o1che 7 SRz &t 3 FE
DHERGFETT L a— LR ESE, ZOHBILEDEWE L L,
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T1E BEOERICEIBATVANLEREIARKRN

HEXoHmEiteeE DEAL

F1H S

THVE CIC AR TR L7 Bk B, TSR R R R S & O
FREAROPIRILAEZMET 5 2 LI LY | FICHmLAEN TS S n5 L)
BUBRIEVFZE S R STV 5 7, 22T, KETIE, BEOM X 2 55 L 40
BV, HEBYNEEOBBMERED . B, B, i~ &AL BB T
EOET 00 ERE Lz, £, HABMOTTHEWRRLELE TS
EROEBRNEIC L ) MBSO EBRPTIRLEEICER L TRE LT,

F2H EBAE L FE
1-2-1  FEEEREE

HKIZHE K TODOODY | (Oryza sativa var. Japonica cv.Hinohikari) . % REAR
TN OERIEDBIEA Uz, BRITEKIKTERZE ) (Oryza sativa var. Japonica cv.
Shiun) . FRARITHARK LK Thxkd K] (Oryza sativa var. Japonica cv. Engimai) . %K
Tk 2K TikDZE | (Oryza sativa var. Japonica cv .Midorinoka) % 7> Ui & Kz
JEMOBEA LT, VANV KT A AL (Zizania aquatica) ZE7E0OEA LTz, W
THOBY OMISFLHEA R ORY | FEAICEEL T3, () == 2 08
# TOE 58 1000ce T T626) % VN THY 2~3 mm (AR L 7=,

1-2-2 FHHORE

I L7z Bk, ok oK ok, DAL R4 AT 12-1 ICREL T2 )
DEAEH U, dHRE 2 I 288 DL O8] 13 (Aspergillus oryzae.,
BEAC R EEH) 2T NI —BRRESE 2 S L7z,

PR ORBIFIEICE o 72, AXEK 100g ZEVERY , 15CTF T, BiA A
KERWT2RFREIRIE LT, AEKET AN RT A4 ADOLAIL, 2~3 mm (TR
EHLOEER L, BiEE, YAz HWT, Ak, Rk YA LRI A4 RIT 6
Reff, Sk, BRI 24 BEKED D L7, £k, KEI0 LIcg%E > v —LiZ
BL. 121C, 15 A — 7 L—T7 L=k, BEBOF T 40CLLFIZ/RD
T Ui, Hmté, 0.1 g 2z THMTIES Lk, EONMNS EETR



& No.l Z AN TEE L, 30°COMERM CRERRILE MR L7225 40 FEf~48
R B 21T o 7o, B O BB ORREFEAL 2 RET D 7o DI EMNE D —
AT MU L, BN E T LI+ ETCEZE/ Ny /T
BWARTE L7 (Figure 1-1, 1-2),

Polished white rice or grounded colored grain (100 g)

—— Soaking (120 min.)

— Draining (6~24 hr.)

— Autoclave (15 min.)

—— Standing to cool

Seed koji (Aspergillus orizae, 0.1g)

——— Cultivation(40~48 hr., 30°C)

\
Ki-koji

Figure 1-1. Procedure for ki koji making.



Black rice Red rice

Wild rice Polished white rice

Figure 1-2. Pictures of various ki koji.

1-2-3 LD

(RO ML) KLEBIL NITE Biological Resource Center & ¥V Monascus purpreus
NBRC 5965 ¥k & AT L7z, ALEORIRIT Yasuda D HIE 2B EIC L, K55%
W50gmaEVEY, I5CTF T, BiA A KEHNT6REIRIEL., BXK, FRK
6 R, RRK. Bk, UA N RT A AX 24 FEINT TKEID Le, 2D,
300ml A=A ~77 AZBL, 121C, 15 34—~ 7 L—7 L7-#. FAI1lZ PDA
FERFE FICHER L CBWEREBO Lom A7 2 WFAICHERE L, 32°CT, 14 H
MEE L CHOIl 25438, ZHICHIEBHE L7k 50 g & 7K 100 ml
PEEEHANICHRIM L CTELSEA Lz, ZORAWAZ 32°CT, 14 AMHFOER L+
S FE2EESE, RAICEALELOEERE L=,

O b HTRL 28 0> S8 )

BUBHIAK 50 g 2 FMBRED FNATIRIA, KUY, R LEITWV, FlH 5 g 20
A CHERRIRFN L7-t%, 32°CC 14 HREER L. ToICRBIcRa LI b oz bl
ML Uie, BORRFZEAGIC & DEERTEME D@13, BEETT o kO —
Al Tk E L orz, B U7eBI3ntricdtd 5 £ TWmEik(E L7,
BTG T LTCALERIE N 9% £ THZ2E/Ny 7 THiirRfr L7o (Figure 1-3, 1-4),



Polished white rice, grounded colored grain (50 g)

— Soaking (120 min.)

— Draining (6~24 hr.)

— Autoclave (15 min.)

— Standing to cool

Beni koji (NBRC 5965, 0.2 g)

Cultivation (14 days, 32°C)

\
Beni koji

Figure 1-3. Procedure for seed beni koji making.



L2 2

Black rice Red rice Green rice

Wild rice Polished white rice

Figure 1-4. Pictures of beni koji.

Polished white rice or grounded colored grain (50 g)

—— Soaking (120 min.)

—— Draining (6~24 hr.)

— Autoclave (15 min.)

—— Standing to cool

< Seed beni koji (50 g)

Cultivation (14 days, 32°C)

Beni koji

Figure 1-5. Procedure for beni koji making.
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1-2-4 FOREFROHY
BAOOEEFD-DOIT, 1-2-1 TR LEEKOEREH G OH %, HEICT A
A —¥E L SM-500 Z W TCHIVEY . ISCTF T, pH 4 ITHEL-~ v ¥~ A
VHETER ( Mcllvaine buffer ) % W C—BrhH L7-,

i OEIGIZ, 25 ¢ DEKAFHITH LT v XA URE K 200 ml % H
AV

1-2-5 HiEORE

1-1-2 KON 1-2-3 THER U 7= 3588 K OSLERD 20 ¢ # PRAFH AR U F2RI2FH L. 100
ml OZARKERFM L2 D% S5COERME b, 2RI LICED—F
B Gml) #10ml 773 Fa—7 T80 SHICHET 5 E THEBIRTE LTz,

1-2-6 UA NV K74 ZAROHEXMHKE L OEHROFHR

EVB T T E AT D SRV LT R U T A g B WA A KT L,
pH 5.0, 0.2 M FEREREMEIR 10 ml Z 1%, BiA 24> /KT200mlIZA AT v 7 LT
PR U2 T b Y U AR A IR . KA R OB iR & LTl A
L7,

ARB BN, FREBD L N 1-2-2 LN 1-2-3 THHIRTE L8 % fR s L C
S0mlA77varyFa—7IZB L, & 2gxt UTHIE L7z#EbT R Y o AWK
10ml Z Nz, 15°C K3 K., 200 rpm DR & 9 i Chitt L7z,

1-2-7 7 = 7 — VLS ERE

7 x /) —VEEREK (R 18N), KRBT M) U AERETRIITIIAT
AT RSN SHEA LT,

2MEHAN T = ) — VEERIKIL Y = ) — VEEBRKENA A KE 11 OF
B THNU10% (w/iv) REET U U LEIERITRIET B U L% 10%DIREIC7R
D EITWA A KT LT, R FEEERIKIINA A 7K T 50 pug/ml D
BEICHEL, Zhia b &2 LT, 40 ug/ml, 30 pg/ml, 20 pg/ml, 10 pg/ml . 0
ng/ml DR FE DYSHR 2 8 LT,

FEAEMh AR L, AR L 7B T IRFEYEYA IR % Folin-Chiocalteu 75 C Hamasaka ©
DS EE—HE R U CHE L, RS HHELRE A KD 72 (Figure 1-6) ,
T a— Bt O T = ) — A LAY E L. Folin-Chiocalteu ¥ C Hamasaka



H5OFEE B L THE LTz, A A AKTHR LT Va2 — ek o 1.0
ml Z 8RB AN, 2MEFHR 7 =/ — /L ERREK 1.0 ml 200 L TERDNC
R L. 3 MRS THE Lic, 20Kk, 10%RET U ¥ L% 1.0 ml 23
U CTHEHE L cisikd & 1 IR, IR O CTHE L 72, £ D%, HITACHI U-1800
Iy YEHFEFE T 750 nm OWINEZJIE L, Z OWRIEE Agmpe & L2, 77
X, oI VITHA A AKE RV, ZORIEZ Apak & L7720 o
TNVHROMRT = ) — A MbEWEIL, L TFTOXTEHEL, Z/va—2H&ETE
L7,

W7 = ) — LAY E (ng/ml) = (Asample - Avtan) X IRFLREL (28.0) xAHRFE

1.8 41 y=0.0353x
R?=0.9995

1.6

n
=
N

1.2

0.8

Q
o

Absorbance at 750 nm

0.4
0.2

0 T T T T
0 10 20 30 40 50

Gallic acid concentration (pg/ml)

Figure 1-6. Standard curve of gallic acid with Folin-Ciocalteu method.

Range : 0<y=1.76



1-2-8 WIRA~Z MVREIE

WEDOY T NET 4 AR—YFT )AL T L7 4 L4 — (Toyo Roshi Kaisha,
Ltd) ZHWTABEZTWRIEY 7 L& L,

P TN DOWIL AR L% HITACHI U-3010 45 36 EE# T 350-650 nm &£ T
DR THIE LT,

1-2-9 DPPH T Vi VIEERERIE >

1,1-diphenyl-2-picrylhydrazyl (DPPH) |3 H1 T & A L OIRRE TEET DI,
ERITSR 2 2 L 520 nm (ZWINZRF>, ZHis, TV /VHEWE (RH : #i
BAbE) MNEOGT 5 &, DPPH (X RH IZ X » TS, FEZ VB KD
1,1-diphenyl-2-picrylhydrazyne (272 0, #EEEAIZA L L, 520 nm ORI AN @A
% (Figure 2-7), = DOELEDHNEFTHUET HZ LT, 7 EGEND
PURILME OFIRILEEEZEIE L L TR C&E 2, 2ok, b7 Vo HEZ L
72WRI R 2 FFORRER & L C, MES fRjiK &2 FHV 2,

NOz NO:
. RH
Mo WOz N— N MNO:
NO: H no;
1,1-diphenyl-2-picrylhydrazyl 1,1-diphenyl-2-picrylhydrazyne
(DPPH)
Purple Light yellow

Figure 1-7. Reaction mechanism of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) in the aqueous solution.

DPPH, 2- N—FE/LKY /) =& 2R (MES) &KEE (LT Y w7 AT
FTHTAT AT RSN DAL, 68 FRF¥L-2578F F T AF LU~
V=HIVAR R (Trolox) X327~ TV RY v F Dy NS G L

-10 -



7o E£72. 9%TH ) —UTAKRT IV a— )LERGRAESHN DA LT,

200 uM DPPH #&i% (%, DPPH #)°K 3.9 mg & 7 /b 2 iR A L CHE L 72 50 ml &
AAT T AZIFFEIZE VI, 9% =4/ — /L TS0mliZA AT v LIz, &
D AKX T —s3—% T EYELA RCN-7D _EC#J 30 47 [E] 200 rppm THIFR L |
FRELL T2,

200 uM MES #EfEfi X MES 8.53 g %, 200 ml X =47 7 A 2 |T& D B K%
KEWEEINZ CEM L=, 4% 1 NNaOH T pH 7.0 [IZFH%&%. 200 uM
DPPH &% & 200 uM MES #&fEiK % 1: 1 OFEG TIRA L TRE L7,

Trolox FEHERIR IIMLA A4 /KT100 M IZL7=H D% S L 12, 60 uM, 50 uM,
40 uM., 30 pM. 20 puM. 10 puM. O pM OB ISR L=,

FEAERhARIL. Trolox ZAE¥#EMIE & L C. KIEEIZHHEE L 7= Trolox IR % Oki
5D iEE—H B L= DPPH 7 ¥ 4 WiHERERIEEE WV CTHER L 7=,

TV 3 — VBB O KEEVEFTR L RERIE V> 7 Ui, 2-2-9 D= & ) — LR EEH
ERERL D =X ) — )VORED 50 %IlZ725 8912 99 %X ) —)L L KEEKE
WML CIgE L7, JIEY > 7L 2.0 ml (2 DPPH &K 2.0 ml Z00%., 10 FbRH
B, 110 BIEERE L. 2 D% U-1800 43 L EEF T 520 nm DU IE % I E L
7o 2OV TNORIEZE Aqgmpe & L. FIERIZ 50% =% /7 —/L & W THIE
L7fE% Apank & U720 fIEfEE LT, ZHEY > 7L 2.0 ml (2, DPPH #RA3ED
RbHVIZ99 % =& /—)L & 200uM MES FEER % 1:1 OFEIGTRA LT 50%
T ) — VIR 2.0 ml Z %726 O % AW THIE L72ME, Acoma 2 W2, 20
KD FNEZ . Figure 1-8 (27 L7z, M, DPPH 7 ¥ /U EREIFLL FORUZ LY
BH L. Tolox Y&ETHL-, ZOROMEAEMHIEA Figure 1-9 127k L7=,

DPPH 7 T /V?ﬁfﬁ% (HM) = (Ablank_Asample+Acontrol)x:‘l:ﬁ%'f;ﬁi&(lOO)X%%R%?‘

- 11 -



Sample

Sample, 2.0 ml

<— °DPPH solution, 2.0 ml  —>

Stirring for 10 seconds

Keep for 110 seconds

Blank

Control

50% Ethanol, 2.0 ml

Sample, 2.0 ml

®50% ethanol solution, 2.0 ml

Stirring for 10 seconds

Keep for 110 seconds

—>|

The absorbance measurement (520 nm)

Figure 1-8. Measuring method of DPPH radical scavenging activity.

*DPPH solution was mixed 200 uM DPPH solution and 200 uM MES buffer (1:1)

®50% ethanol solution was mixed 99% ethanol and 200 uM MES buffer (1:1)

0.700

0.600

0.500

0.400

0.300

Absorbance at 520nm

0.200

0.100

0.000

y = 0.00998x
R>=0.99893

10

20
Trolox concentration (nM)

30 40 50 60

Figure 1-9. Standard curve of Trolox with DPPH radical scavenging method.

Range : 0<y=0.589
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1-2-10 JEEBEALRHLIERERIE (B- v T vikaik)

ZOHEF, VS —ABROHEEBRLIZESTEL DY —VigiaiR s, -
T oD EEALIIET A LI ST BT AN EET LI L E
FIHLI=b Do THDH, ZOHFETIE, UV —nAfge B-I a7 A miEtEA
(Tween 40) ZIIML T~ Ay a AL IBEZ BIF5 2 &2k v BE
{EMEHE S Fu, 1 RERI AN O BSOSHER T b 0P LREN I E T X 5, FIRFIC
T NENDETER, BEOT TV E—FICHET S 2 &b ARER S
RHETH D,

Vo= KFEAYV TN, Kb NI OL ZuaakRvs U —LgeR
VAR ZTF LU YAEX E )7L T — b (Tween 40) 135 74 7 27 ¥k
REELBHEAL, BT d 2, 6V—1+7F)L—p—27 LY —)L (BHT) 1T
I~ TR vF xS LA LT, 72, 99 % ) —uid
AAT )V a— VIRFEHRAS NS A LT,

02M UV IKFEN Y U LERIZY VB KFEH VT L2T7 g %200 ml
AT T AACEVERY &Y ARBK 100 ml AL CRELLZ, 0.2 M KER
b U AR, KEAEFT FU A 08g #100ml B=A7 7 A&
D ZRBEK 100 ml IZEfE L TR L 72, 020 M U UBEF R U U AFRERIE, 0.2
MU PR TIKFEN Y T LERIEIZ 02 M KERIET R U o AR Z TSI L . pH % 7.0
ICIEE L2, U — VBRIESIRIE, ) ) — i 1.0g 2 L7 50ml H—A 7 7
AZAZEVEY, Z7aakbs 10 ml EIEAS L THELL7-, Tweend0 RIKIZ
20g D Tweend0 Z L7 S0mI F=AT7 7 AalT&VEED, 7oL 10
ml LIRE U CREL L7, B- a7 VIR B- a7 > 10 mg 2 G L7z 50 ml &
SATIAACEVRY, Z7aaRLs 10ml ISEEL IR LZ, U — LR
B-A T T g COFEEIT B LT 200ml B =AT T A3l ) —
VR 02 ml, B-H 0T YR 0.5 ml & Tween 40 AR 1.0 ml 2z, 77 A2l
ICBRBHAEZRE AT E T/ ara RV AZRe2ll X L72%., Z8ZK 100 ml
E02M U VRS MU U AERENZ 89 ml 1%, L<IERA L TR L7 (Figure
1-10),

FEAER AR IT, BHT ZFE=8EME & L CHOWTHER L=, BHT FEUERRIR I A
YAKT200 M IZL7=H D% &2, 100 uM, 50 uM, 20 uM, 10 uM, 0 uM D
FVRE TR U7n, ARSI L2 BHT &K % 5 & Ee LB AL GE I E C
Hamasaka © D J5iE% —#k B L TITo 72,
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PR LI GERIE Y o 7V OFENE, =& 7 — L OPREEN 50 %2725 &

INZ 99 %TH /) — )b LR KERI L TR L7, ERBRE ICHEY 71 0.1
ml Z PO TEE, 2T J—Llig—p-haT o<y 3 49ml 28RN
%, 10 FREEFE L. U-1800 43 IEEFET 470 nm OWIEZHIE L=, Z DI
@FMWL%‘; A& LTz, ZO%H%, HONIWRAZHABREICRL, E—EThRE L
T 50 COMEEMITE L 30 0B e 887, RS, B 470 nm OWLIAE A 1
E LT, ZOROWIELZ Ay & LT, ZADLDOWIEDZEY % Aj— Az = AA
L7z, ZOWETFIEE Figure 1-11 128 L7z,
Y [ IAEARERRAR (Figure 1-12) XYW L FoOXTRE LT,
Y =-0.11In(X) + 0.63

JEEEER LRI RE (WM) = (X)xFATIR R

KH,P0O4,2.7 g NaOH, 0.8 g

<— Distilled water, 100 ml —>

0.2M phosphate buffer Linoic acid, 1.0 g B-caroten, 10 mg Tweend0, 2.0 g

<— Chloroform, 10 ml <— Chloroform, 10 ml ~ —>

8.9 ml 0.2ml 0.5 ml 1.0 ml

— Nitrogen gas

<— Distilled water, 300 ml

Linoic acid—f-caroten emulsion

Figure 1-10. Purification method of Linoic acid—p-caroten emulsion.
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Sample, 0.1 ml

i<— Linoic acid—f-caroten emulsion, 4.9 ml

— Stirring (about 10 seconds)

The absorbance measurement (470 nm) [A,]

— Reaction (50°C, 30 min)

The absorbance measurement (470 nm) [As,]

Figure 1-11. Measuring method of inhibitory activity of lipid peroxidation.

0.45

0.4 -

0.35 -

e
W
1

0.25 -

o
\]
1

Absorbance at 470 nm
=
O

e
1

0.05 A y =-0.11In(x) + 0.6263
R?>=0.98261

0 T T
1 10 100 1000

BHT concentration (uM)

Figure 1-12. Standard curve of inhibitory activity of lipid peroxidation method.
Range : 0<y=0.39
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I MREEBR

1-3-1 MBI & 2B O ke DEAL

BIRE KR L REBROBRZ MY OBRILEED KNS, VANV T A A %R
KTRTOEMT, KEME, KOIREEOPIRLIETE T TIEH DN EET D
Z LI X v AN R S L (Figure 1-13, 14), Z OfEFIE, 2 E TARBF
FEE TSN TE T ARB KL WAEKRIZ L DTV a— VB ORER & —ET
LHHDTHoTz, B, PERLAEME D% < ITMBVLELZ X 0 BMEH 50 sy
RS AL, PURLEENME T LI EICE (LT :EZ 2 bbb, £2C, TV by
T2 DL EE G A TND EEbN b BKEEKOHT DD
1-2-4 OFHETHIH Uiz 42 T, gL, FEMBVLERIZ X 5 PR {LREDiE
ZHEST D L OFHOEWIIIH SRR D B DO (Figure 1-15), DPPH 7 2%
NMABERR, 7 =/ —viE, JEEEPBCHIEREIZIIIA SEW R R R ho 7z
(Figure 1-16, 17, 18 ),

INHOERFENL, BREAFZAROMBIC L 2HELEEOIK TIESE 2 12< <,
BXROFIBLREOIK TIX, BRICEEND T v b T = aFA 0T Y
BEOPRLEENE T L2720 TIERWn et B 5N, 5% S LR 5N
VETHD,

1-3-2 BOIT7 b I L A5BLEEDEL

FHE OB & TR LBIZELT 2R TIX, ERICHW T X TOEY)
C DPPH 7 ¥ 1 WHERE K O E @ E U FH IR RE 258800 L 7= (Figure 1-19, 20), Z
NoORERIL, BRHNPEYZET 52 & T, FiBRLENHEMT 2 2 & 2R
LTW5b,

—J7, 12-4 TR U2 FETHM L2 BkGaRIC, BEZRmL, IRINEIE O
WL AT VL OPIERALREEAL 2 7= & 2 A, BB TIX, 510 nm £F3T
=27 ZFO7 v MU T = ORI SRS & & b IZEA L (Figure
1-21), DPPH 7 ¥ 1 /LW ERE b IR & & IR T L7z (Figure 1- 25), 2O
BRI, AN22 RAI F— AWM LTZEA ORI ALY VD224l (Figure
1-23, 24) L HiER(LAEZ L (Figure 1-27) (LI TV,

ATkt L, AL CIE, siisfbeelx, S HH £ TheW=MEmN 7 H B H 7
D B EEIME A ZHS U7 (Figure 1-26), WL A7 MLy b 2RSS LT3 HE
FTHLLCWET Y T =D =272, 5 HEIZ A0 D, #7212 490 nm
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I v — 7 Z2 R ORI 387z (Figure 1-22),
VI EDRERIG | R ITBEY OTIERLRE 2 H 2 IR T 2 2 LRI S 4L
oo =TT, BRAFITEHIHEICED AN-2ROAIF— LA LFRBORISICED
BERAFITHE S PIRILREN D T2 B2 b b, ABEOEEIX, Bk
FH B E TN L 724D DEEPE Tt AN-2, 2 2 F— ATHEBIO SIS & 5753,
FRERTRGE & & BICIREBICH - N TE 5 Z & THBLRERm L Lz &5 %
bvd,

1-3-3 HiEOHEBRLEEDNELL

HEBM RO KkOHER & HEOERFESR (Figure 1-28,29) X, £ < D&Y
T, FEERGE L & L ICHBLEES N L2, LosL7e S, DPPH 7 ¥ LY
ERETIEZ, fKETANRT A A JREEEEILIRIEEETIL, BKkETA LV RT
A A TR AR < 2 D IV LRE MR T 2 BG83 oz, 208l
Gad, AT H RO RN 57z (Figure 1-30, 31) , #8 AL OHIERL
RELLEZ TlZ, DPPH 7 U iEERE,. IEEWEREIHIRRE & bICE ORI
BIfR7R <. 1.2 51 Z E @V EA R S Tz,

Cooked and uncooked grains

2 500 A

=

5

< 400

on ™

£

% 5 300

o X

z &

o2 200

= =

S = 100

= 3 0 0 0 0 0 0 0 0 0 0

S .2 Q 2 .S 2 .2 Q = .S 2

= = = = = = = = = =

jan) x0T g o Q X0 = o 0

[ Q ] 8 =T 7 2 e 8 T 3

= = 5 % 3 = BOZ %
ey o)
(&) [P
= =
= .z
s} s}
2, 2,

Uncooked Cooked

Figure 1-13. Comparison of DPPH radical scavenging activities of uncooked and

cooked grains. Values are the mean of triplicates. * p<0.05
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Cooked and uncooked grains

o 5000 +

.8

£ 4000 A

=

X 4

5 3000

=

()

S~ 2000 -

=

-E‘E 1000 A

S@ 0 -

; E o Q [} Q (0] Q o Q (0] o

= Q .8 =1 ] .8 .8 g Q 2 g

‘5 N - $— = $— = S = = - Y

& M T s ©  w & 0T s = @

> g & 8 F = g8 & 8 F =

8 IS & B ) &h B

S B 3

< < =
v v

— = =
o) o)
2, .

Uncooked Cooked

Figure 1-14. Comparison of inhibitory activity of lipid peroxidation of uncooked and

cooked grains. Values are the mean of triplicates. * p<0.05

cooked uncooked

Figure 1-15. Picture of cooked and uncooked black rice bran extracts.
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53
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black rice
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black rice
cooked

Figure 1-16. DPPH radical scavenging activity of black rice and black rice bran

DPPH radical scavenging activity

(uM  Tolox eq.)
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extracts. Values are the mean of triplicates. * p<0.05
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Figure 1-17.

Values are the mean of triplicates. * p<0.05

Total phenolic compound of black rice and black rice bran extracts.

% 2500 A "% 5000 - _|_

= 2000 A 3 .~ 4000 A

e T 288 1

2 % ;» 1500 o = 5 E 3000 -

2% 5 1000 - £ £ Z 2000 -

2 =

z 0 : £ 0
black rice black rice pigment pigment

uncooked cooked
uncooked cooked
Figure 1-18. Inhibitory activity of lipid peroxidation of black rice and black rice bran

extracts. Values are the mean of triplicates.
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Black rice koji Red rice koji
“ B
= 1000 e 1000
2~ 5§ =
5] o > o
g .. 0 Sz
% 2% 500 =5 2500
SE3 S35 8
g 8E LR
g = 0 Z =2 0
e black black black black & red ricered ricered ricered rice
E rice 1 rice2 rice 3 rice 4 A 1 2 3 4
Green rice koji ild ri i
y 1900 - J Ei 1200 Wild rice koji
an
£ 1000 g 1000
~ 2 v 800
5 o 800 A S >2
g .2 = % 600
LR SEE 400
§E2 400 1 g“; 200
g w; 200 - z = 0
= 2 0 = wild wild wild wild
% green rigarden rigréen rigarden rice 4 A rice 1 rice2 rice3 rice 4
Polished white rice koji| )
2~ Figure 1-19. Time courses of DPPH of
= .= g 1200
2 g g 1000 various koji extracts. 1, lhr after; 2, 20hr
g 0B 800
= EDE 600 after; 3, 30hr after; 4, 40hr after. Values are
g 400
A~ o .
A5 2 200 the mean of triplicates.
7] ~ 0
polished polished polished polished
white  white  white  white
ricel rice2 rice3 rice4




Black rice ki koji Red rice ki koji

2 9

= 6000 & 6000

e 557

=8 3 4000 2.5 2 4000

SEE ST

53 29

gégzooo gggzooo

[ SC T L

ﬁ black black black black % red red red red

= rice 1 rice2 rice 3 rice 4 = rice 1 rice2 rice 3 rice 4
Green rice ki koji Wild rice ki koji

2 =

S 6000 = 6000

G ~ 5 -

S g o g g

2.2 2 4000 22 4000

Z3 23 %

22 2 2000 €55 2000

523 F2=

5 0 £ 0

£ green green green green = wild wild wild wild

rice 1 rice 2 rice 3 rice 4

rice 1 rice2 rice 3 rice 4

Inhibitory activity of lipid
peroxidation
(uM BHT eq.)

6000
5000
4000
3000
2000
1000

Polished white rice ki koji

polished polished polished polished
white  white  white  white
ricel rice2 rice3 rice4

Figure 1-20. Time courses of inhibitory
activity of lipid peroxidation of various ki
koji extracts. 1, 1hr after; 2, 20hr after; 3,
30hr after; 4, 40hr after. Values are the

mean of triplicates.

221 -



_ 1 day after
! u 3 days after
E 4 days after
] 5 days after
047“ I L A R I IR Lo ;\
400 500 600 nm
Figure 1-21. Time courses of absorption spectra for black rice bran extracts containing
ki koji.
_ 11 day after
- ) \‘\ / 9 days after
2— - . 7 days after
— 1 day after
E‘ 3 days after
1 E 5 days after
04:\“ o L T R A L R R Lo
400 500 600 nm
Figure 1-22. Time courses of absorption spectra for black rice bran extracts containing
beni koji.
_ I 1 day after
: 3 days after
S 4 days after
i 5 days after
[ @
400 = 00 600 Mm
Figure 1-23. Time courses of absorption spectra for black rice bran extracts containing
AN-2.
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Smizyme.

‘400 | 500

1 day after

3 days after

4 days after

5 days after

[ I N
6 6 o
Figure 1-24. Time courses of absorption spectra for black rice bran extracts containing

nm

2500 -
60°C
2 2000
g -
> 81500 -
225
S £ 2 1000 H
ER
= = 500 A
(=9
[=9}
@) 0 -
1 day 3days 5 days

DPPH radical scavenging

activity
(uM Trolox eq.)

2500

2000

1500

1000

500

1 day

3 days

121°C

5 days

Figure 1-25. Time courses of DPPH of black rice pigment fermented with ki koji. Left

shows the changes of pigment after Pasteurization in 60 m.n. Right shows the changes of

cooked pigment that was autoclaved. Values are the mean of triplicates.
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2500 - 2500 -
50 & 121 °C
g 9 G 1
"B 2000 - 60 C e 2000
g8 2 : g
z g 8 = x 1500
g 2% 1500 A = 2%
523 5 25 1000 -
= 8; 1000 - 1
= 3 % 500 -
% 500 .
0 - 1 day 3 days 5 days 7 days
1 day 3 days 5 days 7 days

Figure 1-26. Time courses of DPPH of black rice pigment fermented with beni koji.
Left shows the changes of pigment after Pasteurization in 60 minutes. Right shows the

changes of cooked pigment that was autoclaved. Values are the mean of triplicates.

%"; Smlzyme * %Z,; AN-2 «
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Figure 1-27. DPPH radical scavenging activity of black rice bran extracts.

Values are the mean of triplicates. * p<0.05
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Ki koji black rice amazake

Ki koji red rice amazake
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Inhibitory activity of lipid
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ki koji amazake.

Figure 1-29. Time courses of inhibitory

activity of lipid peroxidation of various

Values are the mean of

triplicates.



Beni koji black rice amazake Beni koji red rice amazake
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Figure 1-31. Time courses of inhibitory

activity of lipid peroxidation of various

beni koji amazake. Values are the mean

of triplicates.
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T2E TUANVKRIAARVPEFRKRT IV a— V8B D

ALK & DUER{L RERFIE

E1E WS

B1ET, BWIIAFRE CTHBLREIE T 22, BOoHEIC /R iR T
IHUERRLEEITHE N2 Z oo Tz, Fio, BmWHIRILEEEZRF> L b T
T BAROFEOTIRLRBIIMBA DR E L 1 TIT < < VB, A I F— L K TRAN-2
72 EORHEANT X FUBLREDNME T 92 Z & AR S T,

ARETIE, LA E LTAIF—LE MW, ZET V3 — LIEEEE K OEZR
BTN —NVRERED 2 IETHEEAOKERT AV KT A ADT Va3 — /LK
ZiklE L, BEHEDEWD T L a— /VEBF ORI & Rt RIZ T EIZ O T
BEt L7z, ®iZ, 2 E TONFETEITHERDICH D &bl o A ek ofig
EE DO ER AT DN T DR b AT,

%28 EBRAEL L FiE
2-2-1 FREEEE
1-2-1 &,

2-2-2  BEEH
FEEANT 7 v a7 I 7 —BHI A I F— 2L (Rhizopus spiLil) ZfEH L7,
ZHUE, FTAARMEF TERASH IV ES SN D TH D,

2-2-3 BERORE

MR X RY TR ATFOEHSE TS, DH)-7 a3 —2i%
FTHTAT A RS OIEA LTz, 5 MIHTER BA-10 (7 F = K
DI BIEA LTz,

AR BB AR CH D e 7 5lERE (Saccharomyces cerevisiae) % H K
RSN HIEA LT,

FERE OB 1T YPD JRAAESHE (Table 2-1) % FHV =, 300 ml B =/ 7 7 A 2|T
YPD A5G #1 200 ml 2 AL, ZAUCEEREAAERE L 30°COTEIR=T 3 H[HI#fHE LS
LT,
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W BEREORAFIT I YPD ZE R EEHE (Table 2-2) 2 L. BERF 2523 L7~ YPD
TREREE NS A4 H 2 AWTHEE L, 30°CCOTEIRE T 3~4 HEEEE L. A
95 F TS5 CORIEECTHRIE LT,

Table 2-1. Components of YPD medium.

Medium composition % (W/v)
Yeast extract 1
Polypepton 2
D—glucose 2
pH was not adjusted.

Table 2-2. Components of YPD agar medium.

Medium composition % (W/v)
Yeast extract 1
Polypepton 2
D—glucose 2
Agar 2
pH was not adjusted.

2-2-4 EERROBEE & B RIRER OTERK

WAEFT NV O, UVBBIKFBAVOLEY VIAKFEZFT NI LTI
AT AR EHNDIEA L, AF L o 7 —I 3R AR B RS s B i
ALT,

FERE O A B EGH E 1X, YPD IR TR L 2B RIS A T L T v——1 v
BRREENR AN L, ~~ b A =X —Z W TiTo 72, EEEHIE%, BREE
WIxiE sy EE (3000 rpm, 10 43, 5°C) ZATW, KEET T —a v Lz,
) & LTI BEREIC 0.8 %l bt R U o AR A &I 2 T XL < %,
FEmEODDBEEITV, BiEET T —var Lz, BREOWEITZ ofEE 2
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BT > 7, BEREOYEG R, LR L 7o RERE & LB R OA A2 K TR S, B
RHRIEE & LTz,

2-2-5 T a— L EElORES

BT I a—)LREETIE, 2~3 mm (2 L7284 30~34 g LA 427K 50 ml
Z300ml BT T A ANA— N7 L—7 (121C, 1547) =T\, HEtk
AIF—502 g, BERREIK S0 ml 2RI LT, vV R H3EAE 2 B0 11
T 25°COREATC 5 BIMFEBEZIT > 7=,

ERE T L2 — )LREETIL. 2~3 mm (T L7258 30~34 g & i1 4> 7K 50 ml
Z300mBF=MAT7TAIAN, AIFT—10.2g, BEREETESOml 2N L
T, VU a UefPREEE 2 B 115 T 25°CORSFTC 5 HE3EEE 21T - 7= (Figure
2-1),

REROEARZT Va—VRBHEE T, EHTL28Y=EIX. AkT7 va—n
WWETD CO AR, 12 g TR Z D720, FHANIHEERBR Z1TWIE LTz,
i EIXLL FIZR Lz, (Table 2-3)

Table 2-3. Weight of grains used for alcoholic fermentation.

Grains Uncooked (g)  Cooked (g)
Polished white rice 30 30
Black rice 33 33
Red rice 34 34
Green rice 32 32
Wild rice 33 33

BREROMERT L a— VB L B, BERFORMAHEUT 3.0x107 cells/ml
(ZFREE U7z, FEEMIR IO T I ORERE L B2 CO, DRAEBDE N /e /e
LETIT ol B T, =058 (3000 rpm, 1047, 5C) &7V, LIGD
F 7EMEIEHE No.101 (Toyo Roshi kaisha, Ltd.)z F T H 2R L 7=, 5 57281
BRI T v a— VECELE L TaTIC Wz, 7 3 — VBB O PRAF IR
TR U RECAI, WIS 5 F THEBIRT LT,

-31 -



Grains, 30-34 g

Ground to particles of 2-3 mm

in diameter

Deionized water, 50 ml

Autoclave (121°C, 15 min) Deionized water, 50 ml —>

Glucoamylase preparation

Sumizyme, 0.2 g

<—————  Kyokai No.7 yeast suspension (6x10 cells/ml), 50 ml _— >
Fermentation (25°C, dark room)
Filtration
Alcoholic beverages made from Alcoholic beverages made from
cooked rice uncooked rice

Figure 2-1.  Procedure for brewing of alcoholic beverages.

2-2-6 FEEEHMROIER
RGO EEOWAD % CO AR E LT 24 B ICHIE L, 2 &% 3
P & U CHERR LT=,

2-2-7 pHHIE

TR A ET M ORI T 128 L T oz 7 v a— Vel pH % pH A —
4 — (Sartorius 1) THIE L7z,
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2-2-8 EREMIE Y

NaOH, 1/10 N ¥ = UI&IE#E (H,C,0s D7 7 7 #—, F=1.005) &7 =/ —)L
THEVARIEIIT I TA T AT RS BIEA LT,

1/10 N NaOH &% O FAEOR T 1/1I0N ¥ = VEERIARKR 10 ml (2 2~3 D7 =
=T BV ARREE A, FRINZE L7 1/10 N NaOH &K aml 2> HLLF D
FHERIC LY RDT,

10xF(1.005)=axF

FRREIZ 7 /L= — )LAREF 10 ml 2 1/10 N NaOH I#E (2 CHFn L. FEEEAE 10 ml
™ 1/10 N NaOH O EE L 1/I0NNaOH O FEN S U TORIC L v EH LT,
e &£ =i 7E £ (ml)<F

2-2-9 X)) —)VBESH

PNEBREHE - UCEH L7z ne7 LT L 32— LI FYEHiss T3p it o
A U7z, WHEEEERIRIL, ZZEKEHOCT1.0% (wiv) ICHREE LT,

7 v a— VECEHT R B Oy B (3000 rpm, 10 43) . EBiEEY L E L
T L7z, WEMEERIKE Y7V % 41 ORI TIERA L, BONTIEAR
o~ A7m ) 2250y HEEEFTGCI4 T A/ u~ NI T 7 1 —
RV, NEEREETHONT Lz, =% /= VREOHREIILLTOXREIVEHL
77

Flo, HAIa~ 7T 7 4 —5AFI% Table 2-4 (TR LT,

TH ) —)VIEE (viv) = X ) —)VIEE (wiv) x1.27

Table 2-4. Gas chromatographic conditions.

Column PEG-HT 3.1m (glass column)
Carrier gas N2, 30 ml/min

Column temp. 50°C-150C (5°C/min)

Inj. temp. 170°C

Det. temp. 170°C

Detector FID
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2-2-10 EBSETHERRE Y

VEFHRRE L x LY CEARET S~ TARY vTF Dy SUsASttE
MBEAL, D-Z NV a—R 3T D74 T AR ESENOEA L, 7 va—
AREVEAHRI I A A2 7K T 500 pg/ml OIRFEEIZTHE L, 2z b & 12,400 pg/ml,
300 pg/ml, 200 pg/ml, 100 pug/ml, 0 pg/ml DA E ORI % JHFE L=,

PEVEMAR T, Lo a — AR A VB X - VY AETHE L,
FEYERHR 2 O A RARE A sk 6O 72 (Figure 2-2)

TV a— )UEREL OB TTHEREIT Y X - RV Y ARICTTHIE L, WA Aok
THAR LT V3 — VB D 0.5 ml 2 FRURE IS AL, 1.0 ml @ YV E FHIASEK %
WL, BE—ETHK%4 L CIEfIZ 10 0GR LT, GRifk., iiK TmEI L 7%,
1.0 ml OV Y BEGFIRARES L TREA I, 30 /MR THIE L7721,
fiiA A 7K % 5.0 ml Iz, HITACHI U-1800 43¢5 #C 520 nm W IR AE %
ELT, ZORIEEY Agmple & LToe 772 271%, 7 VOROVITHA A
vKERAWV, ZORIVEZ Apax & LTz, o 7V OEEE O S,
UFORXRTEHEL, Fva—2RYETEL,

Eﬁﬁﬁﬁg% (“g/ml) = (Asample—Ablank)X:‘l:ﬁ%'f;ﬁiﬁ (322) X?ﬁ‘%ﬁz{i

1.6 - y=0.0031x
R>=0.9987

Absorbance at 520 nm

0 100 200 300 400 500
Glucose concentration (pg/ml)

Figure 2-2. Standard curve of glucose with Somogyi-Nelson method.
Range : 0<y=1.53
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2-2-11 7 = ) —NVELEHERIE
1-2-7 &R,

2-2-12 WRIRARZ hVHIZE
1-2-8 &R,

2-2-13 DPPH 7 VW /ViEEREHIE
1-2-9 21,

2-2-14 HREBRR{LFHIERERIE (B- v T »ikfaih)
1-2-10 14,

2:2-15 TV R T UvERERAE

WL A ) —NFT I TA T AIESHNGEAL, 7=V 371
2T R (Cy3-gle) (Z¥ 7~ RY vF U SUBKRASHNBEEA LT,

1% EE— A &2 /) — VR (1%HCI-MeOH)i%., iz Sml % AfL7= 500 ml &5 A A
TTAINAL ) =L 495ml HEFINL TR L7,

FEAER R, Cy 3-glc ZHEHEME & L CHWTER L7z, Cy 3-glc KIL,
1%HCI-MeOH ¥#Z C 50 pg/ml OPREICTHR L | Z v x b &1Z 40 pg/ml, 30 pg/ml,
20 pg/ml, 10 pg/ml, 0 pg/ml DEFPREDOIEK A2 TR Uiz, FIREICHR Lo
Cy 3-gle TR & VT, EEYERRR 2 VERL L 72 (Figure 2-3),

TNa— RO T v T = E &L, Ichiyanagi © D ikE kR LT
BELEY, smloTra—L@meliitria—2T7 8T — g FA LT L
TUYNE—FEE LT 4 ARV P& ANTIRE L, 0K 0.5ml (2 1%
HCI-MeOH &% 4.5 ml Z ¥ L CIRA L. U-1800 23 YELEEEFHZ T, 530 nm DO
WEZRE LTz, ZOWIEE Agmple & Lo 772 271E, o7 1ofib b
(2 1 % HCI-MeOH ik 2 vy, T OWMUEARIE L7z, Z OWIEZ Apank & L
oo ZOFOY L TINOT7 v o T =ralEmFL TOXTHEEL, Cy3-gle 4
HETHRL,

TRy T =rEA R (ng/ml) = (Aample - Avan ) XIRFLRE (17.9) xFRE

-35-



y =0.0557x
R?*=0.997

= N
o [\ o

Absorbance at 530 nm

0.5

0 10 20 30 40 50 60
Cy 3-glc concentration (p g /ml)

Figure 2-3. Standard curve of anthocyanin.

Range : 0<y=2.71

2-2-16 HiBR{LWE OEH A OMFT
FARR O REM DO 30 g &= L7 —k T SM-500 % W THERR 3 %, LLT
DEIETHID R\ DOZHWT, BAET Va— REEE KA T LV a—L
LD 2 15 W TT /v a— VRS, HURBLEED 28 58 % LT L 7=,
HERE K LR O T, MR % 225 TR Lo boaREIC Le, AL
CFEWE A Table 2-5 2R L7z, 723, FEKRIL, LTORXTRD,

A E (100%) = (HKROEE/ZAKADOETE) %100
T, BRI 22 0 REFR AR EEI B CTHREL= T L a—b
B OBIEBLRE D FE R A Sk 6 5 EER CIT RS 7 /L o — L3R EEVE 2 U Cakls

Lice LB EITEBY Z L Thi 2z, O HEY &% Table 2-6 IZFC L
770
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Table 2-5. Weight and polishing rate of grains used for

alcoholic fermentation.

Grains Unpolished (g) Polished (g)
Polishing rate (%) (%)
Polished white rice 30 30
Black rice 33 24.4
(74) (74)
Red rice 34 28.6
(84) (84)
Green rice 32 259
(81) (81)
Wild rice 33 26.4
(80) (80)

Table 2-6. Polishing rate of various grains used for alcoholic fermentation

Grains (2) Polishing rate (%)
Black rice 33 100, 86, 81, 74
Red rice 34 100, 90, 86, 84
Green rice 32 100, 92, 87, 81
Wild rice 33 100, 98, 87, 80
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3 RBRLEE

2-3-1 REEEDEWZ L BT Va— e o SE L iRk LR

BT V3 — VIR E L R T L 3 — VIREEEEOE W L AT L a—
JAREFO M % Table 2-5 12, FEEERh#R % Figure 2-4 |28 L7z, £ ORER, W%
Bl L HIC 4 BHITRENT T L, T a—/LBEDOHR L 25 b RER
EEBIZEAEFRLThHoT, HEIOBWIZ L DENTIE, BRN—FBHEEL
T, WNTHEK, Bk, VALV RTIA AR, TLTHRAD—FRELIZ W
ZEeNbnolt, WHTIRARS X HIT, FRKITHA L ThRuVREE CITFRE L 72
WZ ERbholz, TITRLELDE, 27T 2~3 mm [T L7=8W % v
TREORERTH D, 7T/ a— VEEIO AR TITERE T Vo — LiECTRBE L 72
H DD IR TH > 7= (Figure 2-5), € DiEWE, 520~530 nm (2N ' —
JERRTT R T =000 0L B BEEEE KT L3 — VECERIRI A~
7 MVICBEEIZBN TV D (Figure 2-6), 1D, 5 1 EOFEBRER O THIS L
e X ONTHEARZR T L a— VEBHE TITRRIZIEEND TV F T = OGN
RESELRWIRETEEN TS Z LR IR, £, 7=/ —L
EITHR U CTEEET LV a— REETH LN T V2 — VB OE R & < 72 -
7= (Figure 2-7), L/ L., 7 =/ — )V EZRMOER CIIRE R2ERITAS
IR o T,

—J. M7 = =M bEE CHEBERRN S D E Fhi TS DPPH 72
T WAHZRE (Figure 2-8) OfEIL, AKRICHERTHEKS T AV R T A4 ZADIENE
<LFRIZECK, RK, YAV RTA ZDMEBREL I ode, ABEE EABIED
eIk, Bk ERKITR T = ) — LAY B OME R & 1T RE T v a—
JETREE LN T E L o, IEEEBER LRI RE DO 1 TR 1, I
FBEEIEOEWTIRO bR o Te, JREIOBYOENTIX, VANV T A A%
RSB TIRZE AR UEZ R LTc, VAL BT A ZADEIZMMOB DK 1.6
GO % 7~ L7z (Figure 2-9),

T a—LVEEHIERED L L bIZ, RICLBDIC L EWDRH -T2, BXK
X7 YT = VEBADOEFED, UA NV KT A ZAIBEDEY . KITEAED
HREI &Mool BWED & HITHRBRE DRI ST DITIRK ThH -7,

PLEDRERN G, T3 — WRERHEDEWTR Y =/ — V&N OEIZIER
XREEBLE LTSl L, FREEMICI2EONLLIL, AEKB X
PRI AN RTAANENTIRILEEZ AT 27 /v a— VB O R L 22 V155 2
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LD oTl, EVDITTANRT A ZAZKEME, TREEOTIRELEED & B
mNT L 2 — VB EPE T D IFRBHT 2 D Z v b o T,

2-3-2 BB 2B BRWEBHTO T L a— VB ORES L HiER L AE

B OREE TE DT RV D& FENE L2 T L o — L Wokh % 3 s
L THiMbRE 2 bhie L7z, eI EHE. BRO 72T EENEAD LT D, fiik
% Figure 2-10, 11 |2 R L7z, £70, o7 V2 — U ELO B E % Figure 2-12
(2R LTz, DPPH 7 U1 Wi ERE, TREIEMR(EILIEEEIT & b ISR L, RBEHED
EWIAON 2 oT2, B KDENWTIZUIA N R T A ZAOMEN L HITEL
ol TNLUNOBY TIXIE LAV EERNRL ot Thbb, Ak
MOREICH DA EVR 52 LT, PiBLiEOEITAKE T L
A ETRICEIZ 7R o T2, ZHUE, BEBYOKZ D, BEBRYOHIRELIEIZKE
KHFEHELTWDHZEEZRLTWD,

2-3-3 B & BePERIIZ LY BRI 0 7 v a— VB O FLER LR

B BEPEHNTHEZ D RV b D& RS L, MEARE T L o — LSRR L
TT NV a— VR 23 L, JilsLREZ i L7z, ZOBOBWERIIFE LIS
L72., ZDOfE% DPPH 7 VI WEERITRK, Bk VALV RTAABRKTFL
D, RKFIFEAEEC L oTe, —F ., IREEBRLRRIEREIX, BRI
DU IRK, REKR. AV RT A AN L 72 (Figure 2-13, 14), Z OFERN 5 LA
TOZ LERHERE ST,

W& EN D00 DPPH 7 ¥ AMEEREICIETREIIRE <, FFiC
BEXTHE CTH -7, #7KkD DPPH T ¥ h VIHEREICHEE & TR, B
H LV bNHICZ FEN TV A AEERH D, —F7, IFERERLH AR
BRI OFHERRE L, KT L0 bNEICZ<EENT
W5, F2, UANRTA ALK TIEBEY 2RI 0/ LT\ 5D, Tl
Figure 2-15 |Z/RL72 X 912, BOHOAZEOSAIRELEESBEBLTNDLDOT
RN EHER LT, Thbb, REASLUAN T A AD X ) ZB Y RIRICEHE
ZoiebDlE, KM, IBEMEE BICBMREOFERREL, BXOLAED
L DICERBEYICE L B G IR, PUBRILWE IS 5 O w5518 K&
WZ EERIBLTCND, TORERE Table2-6 I[CEHKI L=, 2B, MERELT
L WAEDRKOFIERILEED T — Z NFEI N TWRNDIX, FBEDHEE 72 -
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b Thd, ZOZEIFEIETHLL

L L72(p 57)s

Table 2-5. Composition of initial mash and analysis of resulting alcoholic beverages.

Ri Polished white Black rice Red rice Green rice Wild rice
fee rice

. With Without With Without With Without With Without With Without

Fermentation . . . . . .
cooking cooking cooking cooking cooking cooking cooking cooking cooking cooking

Initial pH 4.7 4.8 49 49 4.9 4.9 5.0 5.0 5.0 5.1
Final pH 4.5 4.5 4.6 49 4.7 4.8 4.6 4.9 4.9 5.0
(ng’“’“tp“t 1.8 115 118 113 119 122 119 112 119 118
Filtrate (ml) 76 83 67 75 66 76 73 73 48 63
Acidity (ml) 2.2 2.4 33 2.9 3.6 33 3.2 2.8 2.8 2.5
Ethanol
concentration 12 ] 12.6 12.1 12.6 13.8 11.0 12.5 11.4 13.0 13.3
(%, W/V)
Reducing
sugar content  54( 590 660 780 770 630 670 820 800 720
(ng/mL)
Total
phenolic 380 560 470 580 500 640 400 570 600 680
compound
(ng/mL)
Anthocyanin
content ND ND 61.8 94.6 ND ND ND ND ND ND
(ng/mL)
Values are the mean of triplicates. ND, not detected.
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12 12
10 10
— —
N 20
5 8 5 8
& &
= =
o o
o 6 o 6
@ O
&) O
4 4
2 25°C ) 25C
0 0
0 1 2 3 4 0 1 2 3

days days
Figure 2-4. Time courses of fermentation of mashes made from various grains with
cooking (left) and without cooking (right) using K7 yeast. Symbols: o,Polished white
rice; ®, Black rice; A, Red rice; A, Greenrice; 4, Wild rice.

Values are the mean of triplicates.
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\ With cooking

Ly —
Polished
L Black rice Red rice Green rice Wild rice
white rice
Without cooking
L] ] ‘ .
¢ P
Polished . . . .
Black rice Red rice Green rice Wild rice
white rice

Figure 2-5. Picture of alcoholic beverage made from various grains made using K7

yeast.

0.5

Absorbance
(]
Ot

0 0

370 430 490 550 610 670 730 370 430 490 550 610 670 730
Wavelength Wavelength

Figure 2-6. Absorption spectra of alcoholic beverages made from various rice grains.
[A] shows with cooking and [B] shows without cooking. A, Black rice; A, Red rice; O,

Green rice; o, Wild rice; @, Polished white rice.
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Total phenolic coumpound

(ng/ml)

DPPH radical scavenging activity

1000 r
%k
800 |
600 r
400 % %
200
0 =
polished black rice red rice green rice wild rice
white rice

Figure 2-7. Total phenolic compound of alcoholic beverages made from various
grains using K7 yeast. Open bars, fermentation with cooking; closed bars

without cooking. Values are the mean of triplicates. * : p<0.05

2500
%
2000
~
oy
()
w1500 |
2
=
.
1000
=
3
00 | i
0
polished  black rice  red rice greenrice  wild rice
white rice

Figure 2-8. DPPH radical scavenging activities of alcoholic beverages made
from various grains using K7 yeast. Open bars, fermentation with cooking;

closed bars without cooking. Values are the mean of triplicates. ¢ : p<0.05
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o 10000
R 1
S < & 8000 |
28 8
SR
£ F 6000 ¢
<
S
]
2 &= 4000 t
2
=
—~ 2000 r
0
polished  plack redrice  green wild
white rice  rice rice rice

Figure 2-9. Inhibitory activity of lipid peroxidation of alcoholic beverages made from
various grains using K7 yeast. Open bars, fermentation with cooking; closed bars

without cooking. Values are the mean of triplicates. * : p<0.05

2500 2500
- [A] [B]
z 2000 F 2000
2 £
£ o Q
%D 2 1500 r ;DA 1500
Z = B 8
2 & | 5 x
— > 2
'§ = 1000 r S € 1000
e =S
= 52
o
& 500 £ 500
A am
a
A~
A
0 0
polished black redrice green wild
white ricerice rice  rice

Figure 2-10. Comparison of DPPH radical scavenging activity of various polished and
unpolished grains fermented with K7 yeast at 25°C. Open bars, fermentation with
cooking; closed bars, fermentation without cooking. [A], with bran; [B], without bran.

Values are the mean of triplicates. *: p<0.05

-44 -



12000
12000 | B
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(e
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5 2
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g 2
é 2000 »S 2000
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o W 0

polished black red greenwild
white rice ricerice rice
reice

polished plack red  green wild
Whlte rice rice rice rice
rice

Figure 2-11. Comparison of inhibitory activity of lipid peroxidation of various
polished and unpolished grains fermented with K7 yeast at 25°C. Open bars,
fermentation with cooking; closed bars, fermentation without cooking. [A]; with bran

and [B] shows without bran. Values are the mean of triplicates.

cooked uncooked cooked uncooked cooked uncooked cooked uncooked cooked uncooked

mrr m

Black rice Red rice Green rice Wild rice Polished white rice

Figure 2-12. Picture of alcoholic beverages made from various grains of which brain

was removed.
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Figure 2-13. Antioxidant activities of alcoholic beverages made from black and wild
rice grains of which bran was stepwise removed. Values are the mean of triplicates.

*: p<0.05
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Figure 2-14. Antioxidant activities of alcoholic beverages made from red rice and green
rice grains of which bran was stepwise removed. Values are the mean of triplicates.

*: p<0.05
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Table 2-6. Distribution of antioxidants in various grains.

DPPH radical scavenging  Inhibitory activity of

Grain activity lipid peroxidation
Black rice Bran fraction Bran fraction
Red rice Whole grain Whole grain
Green rice Bran fraction Whole grain
Wild rice Whole grain Whole grain

N

Black rice Red rice Green rice 'Wild rice

Figure 2-15. Picture of vertical sections of various grains.
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EIE KEENETAWEEEEKXTILa—LEKED

ALK & DUER{L RERFIE

E18 S

F2ETIIKIEREZHWTHAKK DT AN RT A R LT L a— RS
LI IR, BRICHENTHEWIIRIERE L FFOT L a— L2155 2 &
WTET, T, BMOWR Y #BEMICRELZboEREHC LT v a—
IVEREFOHTEALRERIERE R O . B L > THRB(EME O G HHM N R D
ZEDBH LN T,

ARFETIX, AAFIEE Tl L7z 2 B OBARE NPOL, Y3, Z VW T T ba—
VB R L, BERFOE WIS FEA KT L 3 — VB D T L 3 — LR EED
IR FH] oA FUIRILRBIZ & D L DT 2 D0 % KT BEREZ2 W2 REOfE R &
PR AT L 72,

B2 EBAOE L ik

3-2-1 FEEEREE
1-2-1 &R,

3-2-2  HELHI

2-2-2 R,

3-2-3 EEROHER

B FIEIZ 2-2-3 22, EHEERNE. Saccharomyces cerevisiae NPO1 |
Saccharomyces cerevisiae Y3 & LG D 7212 A REEE WS OIEERERE. R 75
Rk L7z 22,

3-2-4 EEROPEE R OB RRER DR
2-2-4 14,
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3-2-5 T a— LBl RES
2-2-5 B,

3-2-6 FEEEHBROMER

FEEEBRIAT: DEE DD 2 CO FAER L LT 24 FEMEICE L, Z{LEE %
BEEhAR & U TR L7e, AWTCEERE OB Z R 5 1o O IR EEBR MR IE £ 00 D 1
IRpfH L 6 IREREIIE L 72,

3-2-7 pH#EIE

3-2-8 BREHIE

3-2-9 &) —I)VRESHT

3-2-10 BEERITFEERIE

3-2-11 7 = — VAL EMERIE

3-2-12 R AR Y FVEIE

3-2-13 DPPH 7 VA NMHERRRIE

3-2-14 FREREBLFLIEREHEIE (B-H v T viBfaiR)
PLE, 8828E 22 23,
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% 3H RMREEBE

3-3-1 FEBEHEROBERHC K DHBEDOEN

NPO1, Y3 M OVKT7 BEREZ W2 ZRETE, BAREIEIZ K 57 v a— @Bk o 3
EEih#R 2 Figure 3-1 (278 L7z, 25 2 BT B AL/ KT BEREIC X 2 81 TIEmE &
HIZIZIE 4 HTET LEDOIWIZR L, Y3, BELONPOl CIIMEABREENT T
HET6 HMZHE LIz, Flo, ZAEFBETSH, NP0l TITAR RO RN ENTE
B TETOHAZE L. BLNTT L a— U8B O % Table 3-1 1275 L7-,
FEHEIZ L DEWTIE, 2 TRt L7 KT BEREE W T2 REO SR & R U\ N
R, T7bb, BEOKRET VI — VIREEEICHR, ERET La—L
FEIETIER LT v a— VB O 7 = 7 — VEDOEO FE L o7
(Figure 3-3,3-4), L2>L. BEREOIEWVORET, Bl ho T,

3-3-2 EERHC K A HiB{LEEDE W

BERE DEWV TR LERIC KT T B A~ 7=, DPPH 7 ¥ U /LiHZERE (Figure
3-5,6) LAREIEMAVPHIERE S 55 2 7 Con L2 KT B &2 W T IRE DRSS & RlkE D
HanEbiiz, 9725, DPPH 7 VA /WVIHEREDE TIL, Ak LY bAEK
DTN 2 E~3 E@EmVMEE R Uiz, FRCEK, RK, AL RTA 20N E L
Rolz, TN, BEFIECLDEWIRIZE A BRI N2z, IEE iR
FHIERE T H 288, MABOEWIIIEAERD N1, £, BYORE
HOBENTIE, R, KR RT ANV KT A 2Z2RE, ZOMEPCIEFICITRE
IRIEWITHER SN2 o Tz, BlZIE, AV R A4 ADMMEIL Y3 Tldfhogs o
12 f5~15 f5DfEZ R L, NP0l TILFIZMOK 0.9 5 Loy L v /&< 7
ST, FKTIE, Y3 TIEVA N KT A AR MO OME & [FFRE T, NPOI
TliX, MOBHOMHEOK 1.3 5L Em< ol

I EOFERLE 2 B CHEEREADETEZD L, T a— LREBEZBT
LHEERFDOEOVOREIIE KOG AL, 1FEAERNEVWZ D, Ll HEN
FE T ZWERIXH 5202 K7 BEREZ W=D 3 < 7e o 72,

3-3-3 T a—ARBEBCRIZT TR ORE

5 2 BECH B MNITR o To A AR DR 3 DR 2 WA & D LK EREZHLY
bR E R K 74 %~80 %Il LT B A JREHZ LT /b a— L osBE S 1, FEEERhAR
Z bl U 72 (Table 2-5) . ZEEEHIAR 1T B L0 B © D 72E W 3Bl 42 S i 7z (Figure
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3-9, 10), 7K, fk, B, AN KT A ADNAIC bk FEESEAD Lz,
TRAKVIHERT & O Z K TIIFREE L 72 o T2, Lv L, FBEER Y 2B bR 2 &
T, BREFAERUREENY — 2R Lic, TSR NI L DT 1=
—VEBEEZLE L T A0 TIHRWNEHER LZ, —. BEREOE W & JE
HifR 2 & B CA7- (Figure 2-4, 3-1, 3-2), < OfEH. FBEEBIMAERL ICIZZ D 0E
WEH DL OD, 1T E A EEWITBIZE I N> T (Figure 3-11, 12, 13),

Table 3-1. Composition of initial mash and analysis of resulting alcoholic beverages.

Polished white Black rice Red rice Green rice Wild rice
yeast Cookedncooked Cooked Uncooked Cooked Uncooked Cooked Uncooked Cooked Uncooked
K7 4.7 4.8 4.9 4.9 4.9 4.9 5.0 5.0 5.0 5.1
Initial pH NPO1 5.0 5.4 5.0 5.0 5.0 5.0 5.1 5.3 5.2 5.3
Y3 5.1 5.0 5.1 5.2 5.0 5.0 5.2 5.3 5.2 5.4
K7 4.5 4.5 4.6 4.9 4.7 4.8 4.6 4.9 4.9 5.0
Final pH NPO1 4.7 4.6 4.7 5.0 4.9 4.6 5.0 5.0 5.0 5.1
Y3 4.8 4.7 5.0 4.6 4.9 4.6 5.1 5.0 5.2 5.1
K7 11.8 115 118 11.3 119 122 119 112 119 118
€0, output(g) NPO1 11.3 113 115 10.7  12.0 11.3 113 11.1 115 114
Y3 11.3 113 116 108 111 1.7 112 113 114 113
K7 76 83 67 75 66 76 73 73 48 63
Filtrate(mL) NPO1 70 83 62 70 59 62 65 78 43 59
Y3 70 88 68 78 62 63 70 70 40 59
K7 2.2 2.4 3.3 2.9 3.6 3.3 3.2 2.8 2.8 2.5
Acidity(mL) NPO1 2.1 2.7 3.7 2.8 2.9 3.0 2.9 2.6 2.7 2.8
Y3 2.2 2.4 3.2 3.6 3.3 3.7 3.0 2.8 2.6 2.7
Ethanol K7 121 126 121 126 13.8 110 125 114 130 133
tration(% NPO1 126 122 13.2 122 14.1 126 133 138 135 111
concentration(%,w/v) y3 12.7 115 13.3 1.3 122 110 125 115 13.3 10.6
Reduci K7 540 590 660 780 770 630 670 820 800 720
ecucing sugar NPO1 760 660 800 660 880 660 1000 895 820 860
content(pg/mL)
Y3 800 790 820 790 900 820 970 1100 1000 920
. K7 380 560 500 640 470 580 400 570 600 680
Total phenolic NPO1 470 520 630 770 540 650 420 470 800 810
compound(pg/mL)
Y3 540 660 530 770 690 650 512 481 800 810
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Figure 3-1. Time courses of fermentation of mashes made from various grains with Y3
yeast. Left shows fermentation with cooking and right shows without cooking. Values

are the mean of triplicates.
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Figure 3-2. Time courses of fermentation of mashes made from various grains with
NPO1 yeast. Left shows fermentation with cooking and right shows without cooking.

Values are the mean of triplicates.
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Figure 3-3. Total phenolic compound of alcoholic beverages made from various grains
using Y3 yeast. Open bars, fermentation with cooking; closed bars without cooking.

Values are the mean of triplicates. *: p<0.05
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Figure 3-4. Total phenolic compound of alcoholic beverages made from various grains
using NPO1 yeast. Open bars, fermentation with cooking; closed bars without cooking.

Values are the mean of triplicates. *: p<0.05
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Figure 3-5. DPPH radical scavenging activities of alcoholic beverages made

from various grains using Y3 yeast. Open bars, fermentation with cooking;

closed bars without cooking. Values are the mean of triplicates. *: p<0.05
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Figure 3-6. DPPH radical scavenging activities of alcoholic beverages made
from various grains using NPO1 yeast. Open bars, fermentation with cooking;

closed bars without cooking. *: p<0.05
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Figure 3-7. Inhibitory activity of lipid peroxidation of alcoholic beverages made
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closed bars without cooking. Values are the mean of triplicates. * : p<0.05
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closed bars without cooking.
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H
%
%
e——

Ground to particles of 2-3 mm in diameter

Deionized water, 50 ml

Autoclave (121°C, 15 min)

Deionized water, 50 ml

Ki koji

Kyokai No.7 yeast suspension (3x10* cells/ml), 10 ml

Fermentation (25°C, dark room)

Filtration

cooked rice

Alcoholic beverages made from

Figure 4-2. Procedure for brewing of alcoholic beverages.

Table 4-1. Composition of alcoholic beverages made from various ratio of ki koji.
10% koji ~ 30% koji ~ 50% koji  100% koji
Polished white rice (g) 27 21 15 0
Ki koji (g) 3 9 15 30
Water (ml) 90 90 90 90
K7 yeast (ml) 10 10 10 10
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B3 BREEBE
4-3-1 BEROBPEZTHRB LT Va— VAR OB & iER{LEE

HATHREL-HBEOELZ 4 BRFICEA T, 7TAa— VB2 BE L7, %
BEIX, IZIX6HTSET L, AIHEDEEEN02g L TiZkhoTe, o, O
D “FRALRFAFEA R, BEOHINI E- TR Lz, FRFC, BENEZ D
IZHEV, T a— LR EEL D7 7p o7 (Table 4-3), ZOJRIAE LTk, BE
TEPEPME S BRI 2 2 LTz, BICE ENDHERNDRN, D 2 HREZD
Nz, £2Z2C, HnicBorsrvary X7 —BiEHE2 & L7 (Figure 4-5), O
ERIL, AROHE VERBRETH- I D, BEEHICERT 0TI
RNEFZ R T, RIT, T a— /LB OFEE RN, RPN 21T EEm< 7R
S72Z & D (Table 4-3), EEWIM 2 E TO—HELINDG 2 BFIZ LT
MELE Z A, Figure 4-6 (IR L7 L 912, TELEHER 12 ¢llidene
WHEDD, 675 %llHi=2 8.1 glZETHMULE, £ 2T, BTORFEENERL
TWD LB X 4-2-17 DFIEICHE > TEWh L b obEE % 1E L7 (Table 4-5),
ZOFER . AKREBR T OB ITAKRT ORI 70 % TH D Z ENghotz, Lo
FERND, RN X 120> T LIRFEFREENFHD LT DIXRIEDOEY
(ZHEA_RBF OREENHAD LTV D T EICER L TWD EHEE LT,

AEE L7277 L a— LBt D B E % Figure 4-5 (2~ L=, 4 FIEDO 7 02— LAk
BIOAHEEFD blT e A EER TR, BbneE LTL, BEND RN T
SZXNE LR CEZ T2, BENSZWNZEHOFED N RIS ELT S
Nz, =& 7 —/VIREIX, B bRFEEHEBE L, BEOBINIE- T L
23, K7 =/ —)VEIXEN L7z (Table 4-3, Figure 4-7), Hiliz{L#E Cix. DPPH
T UHNEERE, IREEEBLHIERE L IR T = 7 — @& 2 b & [F UfgEm %
~ LT,

4-3-2 27 %BTREE L ZFBEY DT Vv a— LB ORMAR & Hiigb
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XHDHDOD, REBRZERIIA N7, BEE L7 L2 — VEEHI R,
TY, WEBIZEMICL 2 BOR RO, FICEFHTIE, BRKETANVET
A ADBMOT V3 — )VEEHZ LR < 72 > 72 (Figure 4-11, 12), £k, YA LR
TARAIFAEOEY RND -T2, FRKTDOTNITREEFH TR, thoE Iz
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Figure 4-3. Glucoamylase activity of ki koji made from polished white rice.

Values are the mean of triplicates.

—
(=)

10 %
30 %
50 %

100 %

CO, output(g)
S = N W B AN 0 O

Days

Figure 4-4. Time courses of fermentation of mashes made from polished white

rice using various ratio of ki koji. Values are the mean of triplicates.
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10 % koji 30 % koji 50 % koji 100 % koji

Figure 4-5. Picture of alcoholic beverages made from polished white rice fermented

using various ki koji ratios.

Table 4-3. Comparison of characteristics of various alcoholic beverages made using

various ki koji ratio.

10 % koji  30% koji 50 % koji 100 % koji

Final pH 4.8 4.7 4.7 4.5
CO, output (g) 9.7 8.9 8.1 6.9
Volume of filtrate (ml) 78.0 76.0 74.0 70.0
Acidity (ml) 2.0 2.1 2.1 2.2
Ethanol concentration (%, w/v) 9.2 8.7 7.1 6.2
Reducing sugar content ( u g/ml) 1300 1420 1450 1540
Total phenolic compound ( 1 g/ml) 240 250 250 330
9 -
8 -
7 -
B -
g5
24 1 —O—polished white
=) 3 rice
Q
2 .
1 .
0 (J T T T T T T T T T T T 1
012 3 456 7 8 9101112
Days

Figure 4-6. Time course of fermentation of the mash containing ki koji prepared with

only polished white rice.
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Figure 4-7.Total phenolic compound of alcoholic beverages made from polished
white rice fermented using various ratio of ki koji. Values are the mean of triplicates.

*: p<0.05
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Figure 4-8. DPPH radical scavenging activity of alcoholic beverages made from
polished white rice fermented using various ratio of ki koji. Values are the mean of

triplicates. *: p<0.05
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Figure 4-9. Inhibitory activity of lipid peroxidation of alcoholic beverages made
from polished white rice fermented using various ratio of ki koji. Values are

the mean of triplicates.
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Figure 4-10. Time courses of fermentation of mashes made from various grains

using 27 % ratio of ki koji.
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Figure 4-11. Picture of alcoholic beverages made from various grains

fermented using 27 % ki koji ratio.

Abs black rice (27%)

T T T T | T T T T T T T T | T T T T T T T T l T T T T T T T T T T 1
400 500 600 nm

Figure 4-12. Absorption spectrum of alcoholic beverages made from

black rice.
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Table 4-4. Comparison of characteristics of various alcoholic beverages made using

27% ki koji ratio.
po.l ISh?d blackrice redrice greenrice  wild rice
white rice
Final pH 4.4 4.9 4.8 4.8 5.0
CO, output (g) 12.3 11.8 11.3 10.9 12.0
Volume of filtration (ml) 92 81 79 81 79
Acidity (ml) 2.3 3.0 33 2.5 2.5
Ethanol concentration (%o,w/v) 11.8 10.4 11.1 9.2 10.4
Reducing sugar content (pg/ml) 550 970 990 940 980
Total phenolic compound (pg/ml) 390 810 670 700 890

Total phenolic compound
(ng)
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(=]

(o)
=1
(=]

*

il

polished black rice
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Figure 4-13.Total phenolic compound of alcoholic beverages made from various

grains fermented using 27 % ratio of ki koji. Values are the mean of triplicates.

*: p<0.05
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Figure 4-14. Two types of antioxidant activity of alcoholic beverages made from

various grains fermented using 27 % ratio of ki koji. Values are the mean of

triplicates. *: p<0.05
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Figure 4-15. Time courses of fermentation of mashes made from uncooked polished

white rice and black rice using 27 % ratio of ki koji.



Table 4-5. Sugar contents in various grains and ki koji.

rice (mg/g) ki koji (mg/g)

Polished white rice 870 610
Black rice 840 520
Red rice 810 560
Green rice 780 580
Wild rice 840 280
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5-2-6 BERFOTEE L BERHREIR DVERR
2-2-4 W
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527 VAN RIARARUEFRKRT NV a— LB ORES
- H B OFEE 30 g, FEFRHRETR 10ml 23RN L T, v U 2 #25%
B 2 0 510 T 25COREPT CHREEZIT - 1o, BB O & AR EUT
3.0x107 cells/ml ([ZFH3L L, FEE5E T O BLITATH & OB T02g AT E LT,
FEFEAE T 1413 B35 &2 EPEIEHE No.101 T H AR L7z, 1556 =ik & £ Mg
ORI & L Cobricfi Lo, . FEREIIRAER U sl AL, o ricfl
AT % E THERAT LT,

Ki koji, 30 g

<—— Deionized water, 100 ml

< Kyokai No.7 yeast suspension (3x10%cells/ml), 10 ml

£ Fermentation (25°C, dark room)

Filtration

Alcoholic beverages made from

cooked rice

Figure 5-1. Procedure for brewing of alcoholic beverages.
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Table 5-1. Composition of alcoholic beverages made from various ratio of ki koji.

100 % koji
grains (g) 0
ki koji (g) 30
water (ml) 90
K7 yeast (ml) 10

5-2-8 ZEEzEhAROVER

5-2-9 pH HEIE

5-2-10 BREERIE

5-2-11 & J—)VEBESHT

5-2-12 E#ERTTEERIE

5-2-13 #7 = ) — LA MERRIE

5-2-14 WRIN A~ FABIE

5-2-15 DPPH 7 VU VIEEREHIE

5-2-16 FREBERMLRHIERERIE (B-V w7 v iBALE)
DLk 2-2 208,
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I MREEBR

5-3-1 100 %A RRYIZMCTREE L= 7/ a3 — VECEIOMER & HiBR{bEE
HOBy R - 5B Es AT T L a— LB 23R EE LT, T XTOT /L
a—VEEHI Z N E TOT L a— VB OREE B U~ TR, 12X 8 HT
ATH & OEBEAENO0.2 gLl Tl -7 (Figure 5-2), £7=. ZORFO " {bikE
BARIT, BADN—FEHLS ., OB 1.1 516 125 TH o7, L, Bl
e L TAIF—22HWLEOMME—FHLTEBY, BMCEENLT
TUBICEBRL WD EEZTE, AW/ va 7 I 7 —BiEtEe Akt
2 L Cor L7e (Figure 5-4), Z OFER, IRATBOBEFIEMENZ MRS DD,
A OHE VEFBETHoT, RELET AV a— A EBIOEE% Figure 5-3
IR LT, STEEOT Va— B OAHRGED BRI L > TRR L0, FEl
Fle L TAIF—2 2N D EHLNIR> T, £z, BfFAEOEH
DB, BRPIRE LT b, AFHITEK, KB I ORRKD 3
ILCWe, 2O S AT Mot b HEE S vz (Figure 5-8, 9, 10, 11,
12), =X 7 —/VIBEX, &8 27 %A R CTREE L= 7 L a2 — /UEHZ R T
3~4 %K<, 6% (WD T% (WV)THoTz, 7=/ —LVEOMEITI
i?ﬁ@bk?»:~w%ﬂ®@ﬁk%ﬂbfﬁb\74WF54X\%%®
BN E < o7 v a— VEELOEIZIZIER U Toh > 7= (Table 5-2. Figure
5-5), PLli{LAEIZ . DPPH 7 ¥ /1 Vi HRE i@?:/—wi®@ﬁk%ULf
BRLETUANRTA ADOENE L 72> 7= (Figure 5-6), —J7. NEE &ML ILRE
DIEIXETORMM CHEZEZNHR I 2> - (Figure 5-7), £72, b6 D
EOKRE 1L, 27 %D FKER % AV CREE L 7ZBRIC LR TR TEL 2o 72,
Thbb, Pl bz M ESEH L2 EME LIZGAR, 2B TREET S X
Db, BEEZREO L TRET A2 HFNRRNI ERHfRE I,
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—@— Polished white rice

—a&— Black rice

—/x—Red rice

—O—wild rice

CO, output(g)

—{3— Green rice

1 2 3 4 5 6 7 8
Days

Figure 5-2. Time courses of fermentation of the mashes containing ki koji prepared

with only various grains. Values are the mean of triplicates.

Polished white rice  Black rice Red rice Green rice Wild rice

Figure 5-3. Picture of alcoholic beverages made from ki koji prepared with only

various grains.
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Table 5-2. Comparison of characteristics of alcoholic beverages made from ki koji

prepared with only various grains.

po.l ISh(.id blackrice redrice greenrice  wild rice

white rice
Final pH 4.7 4.5 4.6 4.5 4.9
CO, output (g) 8.8 7.1 7.2 7.6 6.9
Volume of filtration (ml) 78 76 70 73 45
Acidity (ml) 23 3.0 33 2.5 10.4
Ethanol concentration (%,w/v) 6.2 6.3 6.4 6.1 7.1
Reducing sugar content (pg/ml) 550 970 990 940 980
Total phenolic compound (pg/ml) 390 450 430 400 510

150

350 ~ *
300 ~ I

> 250 -

2

g

o ?0200 §

<~

=2

Ev

3

Q

=

O

100

50

polisshed black rice

white rice

red rice

green rice

’—*‘I
0 Ii l

wild rice

Figure 5-4. Glucoamylase activity of ki koji prepared with various grains. Values are

the mean of triplicates. > : p<0.05
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*
500 -
400 1
300
200
100 -
0

polished white  black rice red rice green rice wild rice
rice

Total phenolic compound
pg/ml
——

Figure 5-5.Total phenolic compound of alcoholic beverages made from ki koji

prepared with only various grains. Values are the mean of triplicates. *: p<0.05

1600 - % %

1400 -

%k
[ —
1200 -
1000 - T
800 - J
600 -
400 -
200 -
0

polished blackrice redrice greenrice wildrice
white rice

DPPH radical scavenging activity
(UM trolox eq.)

Figure 5-6. DPPH radical scavenging activity of alcoholic beverages made from ki
koji prepared with only various grains. Values are the mean of triplicates.

*: p<0.05
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rice

—

Inhibitory activity of lipid peroxidation
(uM BHT eq.)

Figure 5-7. Inhibitory activity of lipid peroxidation of alcoholic beverages made

from ki koji prepared with only various grains. Values are the mean of triplicates.

Abs polished white rice
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Figure 5-8. Absorption spectrum of alcoholic beverages from ki koji prepared

with only polished white rice.
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Figure 5-9. Absorption spectrum of alcoholic beverages from ki koji prepared

with only black rice.
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Figure 5-10. Absorption spectrum of alcoholic beverages from ki koji prepared

with only red rice.
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Figure 5-11. Absorption spectrum of alcoholic beverages from ki koji prepared

with only green rice.
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Figure 5-12. Absorption spectrum of alcoholic beverages from ki koji prepared

with wild rice.



BeE HBEHWCHREBLEIYANVRETIAAEN]
BTV a—VECEDMER & i{bietE o

1 (BXKACERIC & 53 EE)

B1E S

4L 5ETIE, mATHBLLAXEE T 4 EEOF BB OT L=
—/VEREE 2 Rl LR & PURRILBEDE 2, BEEAlE L TAI F— L2 VTR
BE U727 v — VOB & L LT, AREETIE, AT A VTR L s ok a
FWTEEE L7 4 FEOAEAEY DT L 3 — LB O & HTRR{LREIC DWW T
MEs L7z,

%28 EBIE L Hik
6-2-1 ZFEEREH
2-2-1 &P,

6-2-2 ALEDRH
(FEFROHRE) KO (LA RE) X 1-2-3 2, i Lo R
EFE K OV D B E X (Figure 1-3,4, 6-1)2 [,

IS

e

Figure 6-1. Picture of seed koji (Monascus purpreus NBRC 5965 £).

-85-



6-2-3 EERHhH
il FHRRR . BRI N OB R EIL 4-2-3 &R,

6-2-4 a7y IT7—BEREOHIE
il AR e OV B E 1T 4-2-4 B8,

6-2-5 FERFDOBEE
2-2-3 Z=H,

6-2-6 BERFDOVEYF & BERREBIR DIERK
2-2-4 B,

6-2-7 TANVETALRAROF KT NV a— BB OREE

[Tk EARKIC LI E E DTV a— VB OREE)

2~3 mm (T L 72 2K 30~34 g LA A 7K 50 ml % 300 ml %5 =4 7 7
2 ANA— 7 L—7 (121C. 1550 %47V, Wi, A 4 27K 40 ml
CRUB LU TR A 3g~30g LAEX TRAE L, ZHUCEERRETK 10 ml Z 7R
LT, vV ke 38EEis 2 B0 11 25°COREET CHBEAE T~ 7= (Table 6-1),
P RSB T D B R AR 3.0x107 cells/ml (ZRFHL L, J8BE52 T 0 H 22 13AT
HEolEET02g LT E LTz,

TR EZRAKIC L & &7 a— 8k DREE]

3 28 E1X 30 g lZHiZ 72, Table 6-2 12 30 % FBLIAADEEOM LT
Zon LTz, FEEE T121E RiG &2 E VRIS No.101 THARTEM L7z, Ao 7-lE
WRILSFEA CKFEAN & U CTotricfi Ue, M, RBEEEIIRFR U BERICA
oy OFTICE T % E THRERERTE LT,
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Table 6-1. Composition of alcoholic beverages made from beni koji of various ratio .

10 %koji 30 % koji 50 % koji 100 % koji

Polished white rice (g) 27 21 15 0

Ki koji (g) 3 9 15 30
Water (ml) 90 90 90 90
K7 yeast (ml) 10 10 10 10

Table 6-2. Composition of alcoholic beverages made from various grains of beni koji.

PO.IISh.ed Black rice Red rice Green rice Wild rice
white rice
Material (g) 21.0 21.0 21.0 21.0 21.0
Beni koji (g) 9.0 9.0 9.0 9.0 9.0

Raw rice 27 g

—— Ground to particle of 2-3 mm in diameter

|

Deionized water, 50 ml

L Autoclaved at 121°C for 15 min

9 g of beni koji

K7 yeast (1x10° cells/ml), 30 ml

(N

Deionized water, 20 ml
——  Fermentation at 25°C for 7 days in the dark room

—  Filtration

\

Alcoholic beverages made from cooked rice (30 % koji)

Figure 6-2. Procedure for brewing alcoholic beverages.
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6-2-8  FEREROIER

6-2-9 pHHIE

6-2-10 FERERIE

6-2-11 % J—)VIRESHT

6-2-12 E#ERTEERRIE

6-2-13 #B7 = ) — LS mERE

6-2-14 RN A7 FABEIE

6-2-15 DPPH T Y LiEEREHIE

6-2-16 JEERER{LFHILBERIE (B-H v T ViBALE)
LE, F2E 22 258,

6-2-17 BMROBOVEERIE
4-2-17 = &M,
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Fo3H MRLEBE
6-3-1 FIEOBERTEM
FACTRBLIABO 7 L a7 2 7 —PiEZ2HE Lz, FOR%E, 350 Ulg
koji T, BEEBOAE 270 Ulg koji & 0 BT &V MEIZ 72 > 72 (Figure 6-3), Z OfEIL,
7T 7MDK DI IAGZ ORISR TE ORI D Z Lo
Too Fio, BERIEMED 2 AR CREL. BVMEZMFRFT 22 Lotz £
T, BERIEMEB LOEBHNEET S 2 M EZ O ALK L L7 (Figure
6-4),

6-3-2 HEMOBZEZX CREELZT NV a—/VEBIORRR & Hilg{LEE

FIKCHE L 72D B A2 2T 10 %, 30 %, 50 %, 100 % & 4 BERECRK
DT v a— Ve a2 BE L7z (Table 6-1), ZEEIL. AL HIFE 7 HRITRET L
oo 17272, ZEREMMARIT B OBERBEMOMEN S THRENTZHERICK LT, BE
DA Z DIFE TR bRFBRAENMET L7z (Figure 6-5), ZOHRIZEHL THOE
LRIl T 5, —F . BONIEITA A Ot L HHEZFF O LV RaE &
U AL DO\ 2 51F EARG 0380 L7z (Figure 6-6), #LAK TIX7T /L3 — LR
LT = ) = VEITGEWD RO, ENLSNOEBIZE LTI RE ER
RO LN oTe, THAT— ) VIREITHEOENEZ 5 & b3 28 H
RNzt L, 7=/ — /VEIZE L IO &N 2 51X LN+ %
&7 28 7 5172 (Table 6-3, Figure 6-7),

Boni=T v a— VB OBIERLRE TIX, DPPH 7 ¥ B /VHEREIL, 7 = /
—/)Li & [A CA %2 7R LTz (Figure 6-8), T/ HRIOEMIE X HIZ EEA K E
7gotz, —J7, IEEBBILILIERICITAEZTRO SN, B & &
BfRITERD Sl o iz, T/ a—VEEIOFE VT2 THE/KA O HWE Y »
L7, Fiz, #EBE AW EKBEICES, BRAHE L,

6-3-3 BRBVERAWCTREB LTV a—LeloMMR & Filk{bae

FKALEE D B A 30 %, T KkEE 27g LT, FFAAEYOT V= — Lk
B % 3l L 7= (Table 6-2), WTHNOEW ST V2 —/LREAIIZX 7T HEITET L
Too FEEREIL, A I F— L0 KB E H O CRlliE L 72ROl & 1320 F 72 0 |
BK, FERORBENAK LD % o7 (Figure 6-9), LovL., ZWOFELH
(2 K DM EWTBIE SN2 Doz, BONBEIE, MU TRIEZHEO, AL
B DOFV N Uiz, 7272, BREUA LR T A ALBD O AFHEDOFEETHRE
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WA R L7- (Figure 6-10 ), ZAULT L a—LERBIOFE VD ICH 2 L, fIHO
FEVIZERKERTIA NV RTAADEY ZMZA T DT>, KT, AL
DEEEZ THIAALTESGA ERRIC, 7 =/ — VEDIMNIR E EWIER S
727> 7 (Table 6-3),

BonT v a— VBB OHIERLEE TIX, DPPH 7 U /VIHERRIL, 7 = /
—EEF CEMZR L, TRDOLHOEDPEX DITEENPRELS o7,
ZOMEITE LS, AITF—ATH{LL-RFOME Tl 32535 &, HKT 1.8 15,
T AV RT A AT 124527257 (Figure 2-10, 6-11, 12), JEE i@ ILEET
HEWVMENE L, A F— A THHYL L7-FEOME Tl 92 & Bk TH 3 1%,
T AV KT A AT 1.7 %1272 > 7= (Figure 2-10, 6-12),

6-3-4 FEEOHI L T a—VEBE OB DGR

4 FEIZBWT, HETHHEEOBO B A ONR, ZuiBtofEER A
KIZHARTD WD E 5 2 LR ahoie, ZHUTk L, ALEOEEIT,
BRI ] 3 R+ 20 e 5 ik, BBRICHRFI A 03202 28, T b a — LREEIZITRE
2BAIX 72 o 7= (Figure 6-13), & Z CTZ OHGOFBFIZLL T D 2 DO %
NLCCORRRE L 72,

O  FHLRAL OB RN D720,

@ AEN KT BEROREZRET S,

O AL B O BE S N O R EE
WEICHEH D LB L 7L a— LK R T A THSE Y, 2
T, T a—LREERBR A, K7 BRZRINEIC, 14 BB L7830 ¢
E &M TT L a— A RRERBRE T 1o, Z ORR, 73— VIREER 3 %
~5% ZpoTm, FOREOH A7 1 F % — k% (Figure 6-14) 13 LTz, 2D
Temb, AETRE AT L — UREEDNEIT L. BEEX S TIE
Lo TWARREMEN D D, F1-. B 4 ZOEBRE LI, 6-2-17 DJF
B, KT OB EEZEIE L, TORE. BKD 45 %L1 E TR
Z LMot BEORRES S, B ORRSED LT B EDICEE
HETII RV EHER ST,

©@  [ALEEDS K7 BEREOIEEE 2 [HE T 5O RGEE
14 RSB L7248 0g.2g. 5. 10 g lCENENHRERK30g ZRA L,
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3x107 cells/ml @ K7 BERE 10ml, AIF—A102g ZRIML T, FEREABREZIT

oTc, FLENFEBEAEZLZ LRWEEIE, ALBICEENDHO N2 i bx

RIEBEEPEINT 23T Th D, ZORE (Figure 6-15) 1R L7z, FBEE

IX10g, 0g, 2g. 5SgDIAIZIHD LTz, bAHTOLIEEIX, 10 g —FZ

<. 5g 2g 0gPEICHEADLTWDHTD, ZgbRFERERED, ZDIAIC

RHTTTHD, Lo, 10gZFRE, 0g226 5g £TIE, ZOIEFHIC

Role, TOZ e, BITEHEENDRS N, FE k& BEOME Z £ > T

LOTERNINEER T, T bbb BENZWIIEREAELEZ 720,

0g. 2g. SgDIRICELRFEREENWDT 5, LorL, HE 10 g D5E

I B OR L IINT 5720, TRLIREREBNSE D EE X,

O LQDOFERNL, BHPOFEENHD LTWNWD Z L& AMITRELE %
T5 &V ZODJRRBHERE S,

AR L7z X 512, B EAlE LTAI F— 2% HWCREE L7 7 L 22— Lok}
[ BRI A O CREE L7 7 L a — VB O LR L REIT &V, F DR
K2 i~ 5 72 DI KA T L =2 — VB DRI A~ 27 RV 2 IE L, kL
B L UTm, FORER, BT L o — LB CIE, fih e B2 Y | 520 nm
fHEiC, BROBETZICEENDE NI TV T = ORI E — 7 PiERE
7= (Figure 6-16,17,18,19,20,21 ), & 512, pH #Z& 2 CHIE L 7= SRR TIx, B
BICHRE, TAH VM TEAZHEORDERL DRI ANT SN HfEZ T
(Figure 6-22 ),

6-3-5 HLEBIC X BAKDOFEE

Pk TR U782 WV CIEARBE O RK L Kk ORBERE ) 21T, HEE
RERIL 7 BREICR T SERn, FOCRET AR ERSZEN o
(Figure 6-23 ), S HlT, PLEEZ TN ENDOARER LB LA R~ LT
(Figure 6-24 ), FEEAHIRINED - T2V, BB KICHRTEOEITIER O, 4
KITHEBOA I F— LA H WG/ IR TEWEZ R Lz, 202
EDD, R K BRI LS DX 2R Lo T,
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Figure 6-3. Comparison of glucoamylase activity of koji made with

ki koji and beni koji. Values are the mean of triplicates.
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Figure 6-4. Time courses of glucoamylase activity for beni koji.

Values are the mean of triplicates.

-92 .



—
)
J

—— 10 % koji
—o— 30 % koji
—a— 50 % koji
& 100% koji

CO, output (g)
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Days

Figure 6-5. Time courses of fermentation of the mash containing various

ratio of beni koji.

10 % koji 30 % koji 50 % koji 100 % koji

Figure 6-6. Alcoholic beverages made from various ratio of polished white rice

prepared using beni koji.
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Table 6-3. Comparison of characteristics of various alcoholic beverages made using

various beni koji ratios.

10 %koji 30 % koji 50 % koji 100 % koji

Polished white rice (g) 27 21 15 0
Beni koji (g) 3 9 15 30
Final pH 4.2 43 4.3 43
CO; Output (g) 8.6 7.4 5.8 3.1
Volume of Filtrate (ml) 75 72 70 67
Acidity (ml) 2.5 2.4 2.4 4.0
Ethanole concentration (%,w/v) 7.4 6.2 5.8 5.7
Reducing sugar content ( u g/ml) 260 390 500 980
Total phenolic compound ( u g/ml) 325 448 492 612
700 -

_ *

E 600 A *

E; e

= 500 - 1

é 400

=

8

o 300 4

°

5 200 A

=

a.

E 10 -

S

0
10 30 50 100

Beni koji ratio (%)

Figure 6-7. Total phenolic compounds of alcoholic beverages made from

various ratio of beni koji. Values are the mean of triplicates. * p<0.05
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Figure 6-8. DPPH radical scavenging activity and Inhibitory activity of lipid
peroxidation of alcoholic beverages made from various ratio of beni koji.

Values are the mean of triplicates. * p<0.05
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Figure 6-9. Time courses of fermentation of the mash made from various

grains using beni koji.
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polished black rice redrice  green rice wild rice

white rice

Figure 6-10. Alcoholic beverages made from various grains using beni koji.

Table 6-4. Comparison of characteristics of various alcoholic beverages made from

various grains using beni koji.

P 0.1 1sh§d blackrice redrice greenrice  wildrice
white rice
Final pH 4.4 4.6 4.5 4.5 4.5
CO, output (g) 7.9 8.5 7.9 8 7.9
Volume of filtration (ml) 67 64 65 62 42
Acidity (ml) 6.5 5.1 5.5 5.5 52
Ethanol concentration (%,w/v) 8.2 8.7 6.1 6.9 7.8
Reducing sugar content (pg/ml) 315 302 402 438 364
Total phenolic compound (ug/ml) 649 952 461 584 832
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Figure6-11. Total phenolic compounds of alcoholic beverages made from

various ratio of beni koji. Values are the mean of triplicates. * p<0.05
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Figure 6-12. DPPH radical scavenging activity and inhibitory activity of lipid
peroxidation of alcoholic beverages made from various ratio of beni koji.

Values are the mean of triplicates. * p<0.05
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Figure 6-13. Time course of fermentation of the mash made from polished white

rice using 30% beni koji. [A], Incubation time 10 days; [B], Incubation time 14
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Figure 6-14. Gas chromatographic behavior of alcoholic beverages fermented
using beni koji. [A], Fermentation was performed with only using beni koji ;

[B], with K7 yeast and beni koji.
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Figure 6-15. Time courses of fermentation of the mash made from polished

white rice using various amounts of beni koji.
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Figure 6-16. Absorption spectrum of various alcoholic beverages using

beni koji.

-90 .



>
o
7]

Black rice beni koji

0.0

T T T T T T T T 1 nm
400 500 600

Figure 6-17. Absorption spectrum of various alcoholic beverages using beni

koji.
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Figure 6-18. Absorption spectrum of various alcoholic beverages using beni

koji.
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Figure 6-19. Absorption spectrum of various alcoholic beverages using beni

koji.
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Figure 6-20. Absorption spectrum of various alcoholic beverages using beni

koji.
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Figure 6-21. Absorption spectrum of black rice alcoholic beverages using beni

koji.
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Figure 6-22. Absorption spectra of alcoholic beverages made from black rice

using beni koji under the condition of various pH.
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Figure 6-23. Time courses of fermentation of the mash made from uncooked

polished white rice and black rice using beni koji.
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Figure 6-24. DPPH radical scavenging activity and inhibitory activity of lipid
peroxidation of alcoholic beverages made from black rice and polished white

rice using beni koji. Values are the mean of triplicates. * p<0.05

Table 6-5. Sugar contents in various grain and beni koji.

rice (mg/g) beni koji (mg/g)

Polished white rice 870 390
Black rice 840 350
Red rice 810 200
Greenrice 780 160
Wild rice 840 110
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BEKT NV a— VK DRERR & HLER b RE et
ZD2 (BERBYXALEIZ L HHE)

® 18 s

B 6 BT, A TRBL-AXEE AT 4 BEOFAEDDOT L a—
R R L, WA O CREE L 72 7 L a— VAR ORI & PR L BE & Lt
B L7z, TORE, HB T L -7 L a— L8N X, DPPH T ¥ /Ll
BE. TEEmBLIHIERE L i, AR CHREEL /-7 /L a— L@k & ek L ¢
WZ EnNbhoT, RETE, AEE AW L -GamiE s v CREE
L7 4 FEOF B DT )V 2 — VB DAL & FURRLEEIZ DWW TRRET L 72,

H2Hi EBRAME L Fik
7-2-1 FEEEREL

2-2-1 MR,
7-2-2 FIEDOEER

(FEFORLE) KO (B LA ORER) X 1-2-3 2/, I Lo o Rk
R N OB O B X (Figure 1-3, 4, 6-1) 2 M,
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Figure 7-1. Pictures of beni koji as saccharifincation agent.
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4 2 H AW EIE, 30 g \Hil 2 72, S8R T #4103 BT 4 PEIEHE No.101
THRIER Lz, 1507k A MA ERFEEEE E L Cotricfii Lz, .,
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Beni koji 30 g

<— Deionized water, 90 ml

c 8
K7 yeast (1x10 cells/ml), 10 ml

Fermentation at 25°C for 7 days in the dark room

—  Filtration

Alcoholic beverages made from cooked rice (100 % koji)

Figure 7-2. Procedure for brewing of alcoholic fermentation.
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7-2-12
7-2-13
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R AR D 1ER

pH HIE

PR BE I E
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IR R VBIE

DPPH 7 ¥ )ViHEREHIE
FEERELFELILBERIE (B-H v T v iBfaE)

Ik, F2E 22 251,
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% 3H RMREEBE
7-3-1 BEBWECREE L7 a— B OMAR & Hilg{kiE

BEEY TR LA 2BAL THREE LR R, ChE CTOREEL R
720 FEEESE T E TSI, 2 R o T, TSR L 7L 2 — Lok
i 7 HEI TRV IAATE S O %M L7z (Figure 7-3), M bikFHAREIL
B Lo TRESERY Bk, BEK ROk, fok, VALV R T A4 ADIHEIC
KT L7, ZOMEFFIX, 256 B THR~ 72 L H 12 Off & & O O3 FERH
EBARLTWD L DI A7 (Table 6-5), oz T /v a— LiEIOGTHE%
Figure 7-4 1278 L7z, AREDOEFIOE NI A7 R LTlE, 500 nm fHE DO W
W ICBIZL X7z (Figure 7-8, 9, 10, 11), BRCFE U TITALER 30 %ftiA B DO Wi
(AT o, FTo, BRSER, BEAHTINR VKT L7z, MEkiZ biE
WAL O, RIEREITRK EKOERELS, 7= ) —LV&EIZVANLVRIT A
ADENRE L 7o Te, T — UPREEITIK <, FLE8 30 %ftiAA CilBE L7 7 /L
T — VEREFD 16 % ~ 55 %mIZAK T L7= (Table 7-1, Figure 7-5),

Pil{bRE TiX. DPPH 7 U1 /ViHERE, TREEERLIHIERE L BI2, 7 =/ —
NVEICEPOMEMEZR L, AL KT A4 ZAOEPMLOZEIEIC X TEL 8o
7= (Figure 7-6, 7)., E£7-. & DOAE HELE 30 %fliAZD T v a2 — LB OAEIZ T <
Aoy
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Figure 7-3. Time courses of fermentation of the mash containing beni koji prepared

with only various grains.

polished black rice redrice  greenrice  wild rice

white rice

Figure 7-4. Picture of various alcoholic beverages made from beni koji

prepared with only various grains.
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Table 7-1. Comparison of characteristics of various alcoholic beverages made from beni

koji prepared with only various grains..

p0'1 ISh?d blackrice redrice greenrice  wildrice
white rice
Final pH 4.1 4.4 4.6 5 4.4
CO, output (g) 3.7 2.2 2.2 1.2 0.95
Volume of filtration (ml) 67 64 61 58 42
Acidity (ml) 3.2 34 2.8 24 43
Ethanol concentration (%,w/v) 4.5 2.2 2.1 2.6 1.3
Reducing sugar content (pg/ml) 420 480 1970 1100 470
Total phenolic compound (pLg/ml) 600 670 670 650 740
700 A
*
1
600 -
o
g
2 500 - T
a, 1
:
O ~— 400 -
o 8
= 5
Q.
= 2300 A
=
Q.
% 200 A
F
100 -
O T T T T
polished white  black rice red rice green rice wild rice

rice
Figure 7-5. Total phenolic compounds of alcoholic beverages made from beni koji

prepared with only various grains. Values are the mean of triplicates. * p<0.05
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Figure 7-6. DPPH radical scavenging activity of alcoholic beverages made from beni
koji prepared with only various grains. Values are the mean of triplicates.
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Figure 7-7. Inhibitory activity of lipid peroxidation of alcoholic beverages made from

beni koji prepared with only various grains. Values are the mean of triplicates.

*<0.05
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Figure 7-8. Absorption spectrum of alcoholic beverages made from polished white rice

beni koji.
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Figure 7-9. Absorption spectrum of alcoholic beverages made from black rice beni koji.

- 111 -



Abs .
Red rice beni koji

o ol o [é;]
[T AR R B RN A A

o
o
[ |

e
o

[ nm
400 500 600

Figure 7-10. Absorption spectrum of alcoholic beverages made from red rice beni koji.
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Figure 7-11. Absorption spectrum of alcoholic beverages made from green rice beni

koji.
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Figure 7-12. Absorption spectrum of alcoholic beverages made from wild rice beni koji.
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%1 BT, BYoFr ofibiens, AT 52 & TEHIZLT 200, F
ENEBICUEE, 2 LT, HlIC LRI ED X 5 I LT D00 E il
ICRRFTE T o T2, EOREER. TA NV RTA R ERS TRXTOEY T, DPPH 7
ANEERE., IREBRBLILIERE S ICHE T TIEH 28NS 5 Z Lz X b
I DAEA AN S A7z (Figure 1-13, 14), Z OFEFIEL, TV E TARIFIEE THFE S
NTCEFHRE N L BIRE KL DT L a— LB O R LRE DM & —Ed 5
LD Tholz, BIG, 7/ a— LEARE TIEPIRLEEME D2 < 1TINEULEL
L7e8 CIIEMD 2 T S iv, Pl ke oM T L7 wEICE T 5 L H#E
HIN5b,

BROBE 0 G U2 Bk R 52 v T, gk, FEMEVLERIC L 2 Hiig
{LREZ LL#R L 72 R BT AFH TIT B 0T R 72 5 D D (Figure 1-15), DPPH
TIUNNVEER, BT = — v, IRERER R AR X ZE R IR S L7
-7z (Figure 1-16, 17, 18), Z D Z &b FoRGARITIMBIZ X 25U LREDIER T
DB EZTIZ L, BKROTBILEEOKTIX, BRKICEENLI T Py T =
YRR U DOTIBIEME I L A PIRILBEDIR TIZE A b DO TIT W EHEEZE L
776

S BT, A CRE Lo A s i ik 9~ TIiZowW T, DPPH 7 ¥ /L
THEREN ONEE @R CLIEREDS I L 7= Z & 226 (Figure 1-19, 20), FHEAE 23
WNZHT =T BB RE 2 AH 532 L HEER LT, ZOOfRERIT, BB cRBLI-AXK
BT, IRAEZIRINT 52 & TRl ke a1 595 2 L 2@ LB
D ORFFERE R LA L TV B,

BRI HERBE EARE RN L T, ISR ORI AT kL& OB
{LBEZMIE L= 5, #E8E TliL, 510 nm fhElc e — 27 2857 v b7 =
DO DR & & 61208 U (Figure 1-21), DPPH 7 ¥ 4 /LM E6E & FE
B & HICIET L7z (Figure 1-25), Z DAL, AN2RR I F—LZRML
TG E ORI AT S v DZEAL (Figure 1-23, 24) & HifR{LAEZ L (Figure 1-27)iC
T2 LRbhrolz, THITx L, ALE TiX, b, 7 ho 7
= DY — 7 O LT IR OHIN & #eRd LTz (Figure 1-22, 26), 241 H
OFERND | EBE N BRI L CH TRt bW E 2535 0o @x &
BREEZEESE, IBEREZRTSES L0 ZOOMKT 2 EA%ZF
EHEZR LT, — . RLBIEE, K EFR IR ZUSIN L7 W B P Tl AN-2 <°
Z X F— DTHEPORIENEE 5725, BRrERGE & & IR B & W IR L RE
Frol-Bil-7etaFE A2 AT D E MR LT,

KIS L OVE g TR U7 5588 &AL & O T2 HHE O PR (L BE DR IREZL
b ZRE L7z (Figure 1-28,29), & TOBY) CHIFALARIZHII L7 2%, B, H
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B E BT IO TREERH N R < 72 D120V DPPH 7 2P U Vil R
[ONiERERIET g o AT @ﬁ#ﬁ?ﬁéﬁ%#ﬁ%ﬁi{ﬁ@mL%ﬁDo;@ﬁ%
DAT=ALCOWTIIAHERDLIRE 2 ET 5, £, FBHE & EJHBHE
DHERLREZ Lk 5 LR EDEDO FNREL D Z e ghole, ZOZ o
5. HE XD bREEHHENREWT Vo — VNI I 1T DAL O A A3 e &
e,

B2 BT, BHEAlE LTAS %»—Ja%ﬁﬁb\ T3 — )LIEERE DEWV A
BEY O T V3 — VB ORRK & PIBRLEEIZ E D X 2 IZHBT 500 %Mt L
to%@ﬁ%\ﬁ%%@k%u4E%T%%ﬁ%TL\—MmmﬁﬁiiiE
KD KD RK Bk VANV RTIARATIEEA LR L TH-7- (Figure
2-4, Table2-5), PLBA{LAEDMEILX, DPPH 7 ¥ W /WTHERETIXEK, Rk, U A
IV RT A ADMENE L 78572 (Figure 2-8), ARE I LIHILEE CTIIME—, VAL
R4 ADMENREL 720 . OBy OfFEIE i&h&ﬂb_ﬁokmﬁgm}9%
TV — VRFEREOEWVICEEN L OO, 7=/ —/VET, BAEK
BEVE D T ISR BRI t«fm<@ot¢3@mzﬂ L»L72» 5, DPPH
T VNG ERERC N E B VPR EEDEICIRIZE E A E B L RN RS o
776

PS03 A& BLD BRUN 2 80%4E 1 D& ik HPBILEEN, TA VR T
A AZRE, AROBEIZEBRILIZZ EnD (m@mzmln B EEND
BRI D E NP Z RO Z ERH LT o T, FEEMTIZ, AET
S — VREEEE & IR TV 3 — VR IREIZ L DWW AP LRE D R LT
B 7enoix, ZOPRILEER 7 DIEADEEZ Z FIZ< Wb TRV
HEZR LT,

TSR0y 2 BeBEHIICER D BT B O T v a— VB 2R EE L. Z OHiR
LEED L ZWE LTz, TORENE, HOEDIE TN HIRILWE» %<
TFET DU A HEEZR L= (Table 2-6), VA /L KT A Ao F B & Hip b |
BESAZE < LIzSA DPPH 7 U /WHERITEVVR THEEZ/R L, JEEER
{EFLIEEEIZHEIN L 7=, ZHUE, YAV BT A ZAOHERCIE 03 B 2RI IR A
STWVDLNETIIZRWD I EHER LTz, mWHELRBIcn x| D LG S8k,
T ORI S . Fi e 2 o7 L a— B ORI E LTU A LR
A ANFLTHDEEZT,

%3 ETIE, AOAEMOT IV a— Ve ObiERLEEE . K7. NPOl, Y3 @ 3

FEFEDOEEREZ AW CHIE LTz, TEEREER: K7 & OZERIT, 70— LREEE bR
WCENT-, BB, K7 BEREIC L DB ClikE, EAREREEEL LITIZIF4 AT
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SET L7eDIZR L, Y3. BELUNPOL (2K B MEERE LTI T Lo — LI
NETTHETIC6 HMAZZE L=, LaL, JEEE (Figure 3-DITIZEITMER T
otz Flh, FEkET AN KT A A TIIHERLAE (Figure 3-5, 6, 7, 8) D
ICERNPHER I, REOREREI G, NPOL, Y3 BEREE H1T K7 EERE & [AEE,
AR RBECB T AR E LTHORATE 5 Z LRI,

B4 BT, BT KkE L ToORKEEBOREZ 4 BEREICEZX T va—L
AR 2 5B L 72 Rr DAL & PR LBE D AR A JE Lic, T a— ikt o 7
Jb T — LRI DB 2 DI L= » T L7- ( Table 4-3), Ziuid, #8
ICEENDBEROBECRERICERT 2BETIT RV EE L, BERIEELD
BPOREELZIE Lz, ZOME., BEREEOBIEIT o RESZF-> TV
23 (Figure 4-3), HEE 2 FKIZHERTE K2 70%I1204 L Cuhi= (Table 4-5), =
DZENL, TIa— /WREOERITIHBRTORENES R L TWD EHER
L7z,

HKE8% 27 %2 L CHGERMOT L a— L3k 2308 U7 5E8 05X, R
(LIRFERERITIZZ D DOEITH ST DD, TRTOEYTT L a— LFEREIT S
AT T Lz, #EEL =7 v 2 —/LEED DPPH 7 ¥ 1 /VIHEREOEIX, B
KIZHRTHOKRD T NEL . AIF—LZ2 FWTZEEOM R & HEPL U2 m A3
Ao, LaL., IBEEBEIEEOEIZA I F—LATOMEE FRR2Y | U
AV KT A ADEPMMOB OE L 1FIE—E L= (Figure 4-12, 13), iEEL =7
Na—nfEHE, MU TAITF—2Z2HOCTRELZ L DOICHT, &WFa
DEVEFRLIZOYSTZVDOZRLDPWNE DT o7, FilZ, BRRUA LRI A
ZNIFFBRI 72K E /D S Uic, ARKIE, FEUID 0 78087 S SRBT
WL a3 —VEREHZ 72 > 72,

KRR 2 O T ERAE K 2308 L 7GR, 28 LRICHE R THRERFFNE < |
R HIRKDKI 50 %l oTz, 2D Lnn, EEE AW AKBITAKE
KE2HE LT DREINHE < A K OPE LA & L CTIFiE ] Tl &l L7,

5 BECIHEB T L -AAEYE WV CERIALRTT L a— Lk &
Al L7, BB ORI ZRLIRFERERIT, A I T -2 & EAlE L
THWERORER L FHLIL T, BRITAAEDD 1.1 E~12GLm< . Atz
VI CIXIE & A EERNA SN2 T- (Figure 5-2), Pilig{bAEIX. DPPH 7
ANAHERITR T = 7 — /v EOMm & BRI L7223, FE ML RE OE T4
TOBEYE CTHEZDP MR I~ 72 (Figure 5-6, 7), g L 727 /L 32—/ LK
BHE, MAVHEERA B . 7 v a— Ve E LTl L TV &l L7,
F72. 27 YftiAH DO T )V a3 — VEEFCIEREE OFHIiN B o7 Bk LU A v
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RZ7 A2 & BITIRRDR S FKE DR EFOFRNE DIZ/e o T,

%6 ETIE, AEAE AW T L o — VR RREE L2 DR & BUERLEE & 1
E LTz, FELRE L L CHWoALE O R I T OBEZRIEMEITIZIE 2 HFT—
EffiZ R L, TOMEITHEBLY AT E < o7 (Figure 6-3), LRI DHL
DIAZEEIL, BESRTEMERS KON L EST H 14 H & L7 (Figure 6-4),

FACRBLABERTRE LTORKRDEIEEZZEZT10%., 30%.50 %,
100 % O 4 BEPET IR ORI T L o — LB 4 388 L (Table 6-1), LK & il
LBREAMIE Uiz, BT, (M HITIE 7 BT T Liz2s, JEAhi, BE
DH 2 H1E E T bRFFRAEENMET L7 (Figure 6-5), & OJFIK Z G L 72
K. BFopEE, ROREIC L2 HBEEHAEOME AR L TWD Z &g s
7= (Figure 6-15, Table 6-5), 156727 /L 2 — )VEREHIALIRE A DR L 5 EK
R, BEOREME L L2, 7 =/ —/LE, DPPH 7 ¥ B /WIHEREDMEIN L
7o REEBERILILIEREIZAGA AT W2 R &I, 1ZIE—EDEE R
L7z, AEOENHEZ 21F ERG M L2 7 v a— VEEHIAL R A O H )
FOD LT (Figure 6-6), 7=, #%EHW - AKBEICHSR, BHROFV N E G
IZHE U=, RIS, 30% B TRkl L= 7 L — L ABHER, BV . BBk ART 2
DENTZH DT Tz,

FKALE O B E 30 %, T KEE L THAaEYME W7 L a— Uik 23
fig L7 (Table 6-2), T 7 V2 —/VECEFHIRIE 7 HIEICRENTE T L2, 2
NET OFEEME L ITRRY | Bk KROBBELIAKLIV L EZI o7
(Figure 6-9 ), o417 7 /b a— L BEHE, REZHOTE Y | ALBRE OB E
DL, BARETANRIT A RAZEMOEFEOLBETRENELZ R L (Figure
6-10). BMHA DR LT 2R LT L a— L BBHC 2 o 72, MR T, #L
BOEZEZ THEANTEGE ERERIC, MM—R 7 =) — V& TERLZ LT
(Table 6-3), DPPH 7 ¥ B /WIHERBIZ A X F— L THHL L7ZFFOE & Lhig L7255
B, BKTI8KF, AN FTA AT 125127257 (Figure 2-10, 6-12) , EE
WEEFHIEBE T O MVEN S B, AIF—ATH{E L7z REOfE & ik L T,
BOKTHIZRE, ANV RTA4 AT 1.7 51272 > 7= (Figure 2-10, 6-12),

B2 BEKLOE 4 EORERINT-BRT L a— LB O & WHTERLREIL. G
BLEVWIHIFEELFFOLEDONTE QIR AL OMARDLEICE->THD
FREEARIY SN D ATREMEN T & 72, 7272, BKITEIT 2 FURLAE D @V M X,
L BRAEL DMBIEMICEI D LONNRRATHY | 5% FERDLME 25
TOHREE o7z,

KR DA KBEVBE T 2 MaT T D 72010, FKRRL A W T 7R o Bk b
K DR AR 21T > 7= (Figure 6-24), FEEERIAR D O . HAGLEI L IEARE K &+
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FRLEE L A I T — A2 P LANC WA L B L TEVMEZ R LTz,
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—

% 7 BTITAARYEL AV CRBAL THEE L 727 L 2 — LAREE O
PR Ve AR LT-y TNETOT L a— LR EEL TR | BEETET
2, ZHEMEELE, £, ST v a— A EO TV 3 — LR EIE 30 %
LB D 16 %~55 % &K< 72> 7= (Table 7-1. Figure 7-3), ¥7-. DPPH 7 2 h /v
THERE, JEEERCIHIERE S B2, BT =/ — LB EHELP LZERZ R L, U
AN R T A ZADEMEOBDE X TEL 72> 7= (Figure 7-5, 6,7), £, £
DAE S 30%ALE % TRkl L 72 IFOfEICIE S 72 o 7,

EWTIRRLRERHE 2 RO T L a — VBB OB 2D S L, YAV RT A A&
KRAOKEFEHZ, BHEAIE L CAIF—L4, HE, 80 3 E, Bz
K7 BERE, Y3 BERE, NPOL BEREOD 3 FE A W T T v a— VB 23 B L 72, %
DFER. 30%D FKALF THIT RICEXRE W=7 0 2 — VAR, Bl 5 )R
Bl L REBREE, KOKREFG, BXERE AW B kT v a— LAk
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