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Activity of a-Glucosidase in Sake Koji and Its Role during Sake Brewing

Yosuinisa Mormvoro, Karsuniko Kitamoro,* Yosuito Fupita, Katsuva Gomi, and CHieko
Kumacar (National Research Institute of Brewing, 2-6-30 Takinogawa, Kita-ku, Tokyo 114) Seibutsu-
kogaku 73: 97-104, 1995.

Enzyme activities of koji samples from 12 sake breweries were determined, and the relationship
between their production conditions was analyzed. a-Glucosidase activity showed a high correlation
with glucoamylase and a-amylase, and was especially in the case of the latter. Ginjo koji had higher
relative activity of a-glucosidase to a-amylase, suggesting that a-glucosidase may play an important
role in ginjo (high-quality) sake brewing. Addition of purified a-glucosidase to koji enzyme solution
increased the glucoamylase activity. Glucose was produced by the addition of both purified a-
glucosidase and purified a-amylase to starch solution, but not by the addition of only a-glucosidase.
These results indicate that the conventional method for measuring glucoamylase activity measures
not only glucoamylase but also a-glucosidase activity. The contribution rate of a-glucosidase to
glucoamylase was estimated to be 10-20% of the glucoamylase enzyme activity of koji determined by
the conventional method.
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Table 1. Production conditions and enzyme activities of ginjo koji using white rice with low polishing ratio.

Ko Polishing Tane-koji Koji-making  Max. Enzyme activity (U/g-dry matter) /1T
071 ratio /100 kg rice) period temp. /11 [X 107]
(%) (&/100kg (h) eC)y I nom v v
A 38 20 48 44 117 355 0.614 2946 4600 0.330 0.173
B 45 30 48 43 115 312 0.826 3700 4375 0.369 0.265
C 35 15 51 42 123 437 0.778 3711 4788  0.281 0.178
D 35 20 55.5 43 126 446 1.105 3303 5733 0.283 0.248
E 35 15 55 41.5 104 357 0.898 3270 3927 0.291 0.252
F 35 30 54.5 42.5 116 354 0.866 3436 4419 0.328 0.245
G 40 20 53 42 87 375  0.678 2991 3926  0.232 0.181
H 40 30 52 42 112 382 0.722 2690 4051 0.293 0.189
I 40 30 54 44 116 316  0.890 4043 4210 0.367 0.282
J 39 20 55 44 115 395 0.586 3483 3577 0.291 0.148
K 50 10 53 41 126 481 1.053 3644 7194  0.262 0.219
L 40 30 56 43 65 571 1.456 4124 8321 0.114 0.255
Average 39.3 22.5 52.9 42.7 110 398  0.873 3445 4927 0.287 0.220
g 4.3 6.9 2.6 1.0 17 71 0.232 415 1388  0.065 0.042

Max. temp.: Max. temperature during kgji making process. I, Glucoamylase; II, a-amylase; III, a-glucosidase; IV,
acid protease; V, acid carboxypeptidase. ¢: Standard deviation.

HABONBEAH LBOLERERNEORERY HEVIBRTH-7. FBHE =TT —¥, Bl
Table 1, 2 IR L7c. MBSO FHBEXREGIN IV RF o7+ 54 - L3 FHTEhFh 3445,
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Table 2. Production conditions and enzyme activities of futsu koji using white rice with moderate polishing ratio.

Koji Po};i}ixci)ng Tane-koji KoJ;-ethléing tI:ng; Enzyme activity (U/g-dry matter) yn M /I£
(%)  (&/100kgrice) (h) (°C) I I 111 v \Y% [*x107]

M 65 21.6 42 40 175 879 0.977 2481 3165 0.199 0.111
N 63 60 .47 42 151 786  1.017 3052 5109 0.192 0.129
O 65 35 48 43 75 523  0.295 2570 2615 0.143 0.056
P 65 100 47 42.5 129 937 0.738 2633 2622 0.138 0.079
Q 65 60 46 42 149 1014 1.328 2708 1707  0.147 0.131
R 65 60 46.5 41 119 739 1.005 2749 3627 0.161 0.136
S 70 100 46 42 198 1310 1.572 3674 3533  0.151  0.120
T 70 80 45 41 187 1222 1.109 3367 3162 0.153 0.091
U 60 60 45.5 42 149 795 0.830 2852 2199  0.187 0.104
\Y% 58 50 46 42 117 675 0.718 2910 1286 0.173 0.106
w 70 80 48 42 109 993 1.137 2880 3661 0.110 0.115
X 60 70 45.5 42 148 1091  0.993 3576 2531  0.136 0.091
Y 70 80 46.5 42.5 189 1340 1.177 3316 2125 0.141 0.088
Average 65.1 65.9 46.1 41.8 146 946  0.992 2982 2872 0.156 0.104
g 4.0 21.9 1.5 0.7 34 239 0.300 372 958  0.024 0.022

Max. temp., I-V, and ¢ were described in Table 1.
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Table 3. Correlation coefficient between kgji-making conditions and enzyme activities.
1 2 3 4 5 6 7 8 9 10 11
1 Polishing ratio
2 Tane koji 0.810**
3 Time -0.832** —0.620**
4 Max. temp. -—0.451* —0.172  0.456*
5 Glucoamylase 0.580**  0.561** —0.631** —0.402*
6 a-Amylase 0.870**  0.865** —0.709** —0.409*  0.756**
7 a-Glucosidase 0.306  0.412* —0.095 —0.29¢  0.467*  0.570**
8 APase —0.423* —0.186 0.510**  0.346 —0.049 —0.168 0.371
9 ACPase —0.543%* —0.501*  0.646%* 0.13¢ —0.396* —0.464*  0.249 0.577**
10 5/6 —0.791%* —0.699** 0.531** 0392 —0.246 —0.788** —0.392 0.316  0.307
11 7/6 —0.818** —0.657**  0.776%*  0.307 —0.443* —0.719**  0.099 0.593** 0.686** 0.739**

* 1(5%)=0.396; ** r(1%)=0.505, n=25.
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Table 4. Amount of glucose, maltose, and ethyl-a-p-glucoside in ginjo-syu and Sutsu-syu.

Ginjo-syu (high-quality sake)

Futsu-syu (ordinary sake)

e U Mg GE s Oppe Mase  wa
1 1.2 0.2 0.3 1 0.9 0.3 0.8
2 1.7 0.2 0.4 2 2.9 0.2 0.3
3 1.8 0.2 0.3 3 1.9 0.3 0.4
4 1.7 0.2 0.3 4 1.5 0.1 0.6
5 1.8 0.3 0.4 5 1.2 0.3 0.5
6 1.6 0.2 0.1 6 2.1 0.3 0.3
7 1.7 0.2 0.4 7 0.9 0.3 0.5
8 1.3 tr 0.3 8 0.9 0.2 0.5
9 2.6 tr 0.4 9 1.6 0.3 0.5
Average 1.71 0.17 0.32 Average 1.54 0.26 0.49

* Ethyl-a-p-glucoside.
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Table 5. Purification of a-glucosidase from culture broth of 4. oryzae M-2-3 pTGF7-3.
Total activity Total protein Specific activity Purification Recovery
V) (mg) (U/mg) (fold) (%)
Crude extract 12.9 79.1 0.163 1.00 100
Butyl-TOYOPEARL 650M  4.55 0.408 11.2 68.7 35.3
Gel-filtration 3.26 0.161 20.3 125 25.3
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BB ENTER.
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ERTFFESWNEY LI B 7/ ra7 § 5 — EiEHA
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RIEBREWC OB L a-7 V2 v £ — Y BERY,
BERAME LT EDEREBCTEIND a-s 12 Y
F—ENAOBE»BEHECieD X 5EmL, 7
a7 35— EEERRIE LK (Fig. 1). a-Z/ 2>
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Fig. 1. Effect of a-glucosidase using the conventional method for measuring glucoamylase activity of koji. A,
Koji sample N in Table 1; B, kojt sample P in Table 1.
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Fig. 2. Glucose production with both a-glucosidase
and a-amylase from kofi mold (4. oryzae). Purified
a-glucosidase solution was added to 2% starch
solution with 150 U/ml (@), 100 U/ml (O), 50 U/ml
(®), or without (O) a-amylase.
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K2 S > T B0 AY 7oy P LTEBT
s E, yEIEORR (a-7 a3 v F—¥EKO) O
I 35— EIEWED, TOMRMEBENY - T
RN ATIS—EDBRO I N2~ AERETHS &
HEIIRD. B0 220K (A, B) TIXF DB
MEFRERDI IV 37 35— CEME A TI10.1,
B T8I9TH-7DT, Fig. 1 HLOLAFETRDIET
H%588, 78LFTE TS L87.1, 87.6% TH - 1-.
Z OfI0BEE ORI DO\ THT - A DEE T
H85~90% &\ S HEEBA B L. Tiebhdh, &K
LicZn 2 —2A010K ik a-r a8 —¥oFh
CEIBLDELHEEI NI, Tz Lix, BEFRESH
BETHRBLTWAZ L2735 —¥EkIT, BT
BB RO 7V 2 —RERETH Y, Fhiz s =
TIF—Hla-snavF—ETLtoTBb L%
BrRLTW3.

Rie, BRLCa-s L3 v S —E¥BEKE, T TR
BRINBREIN T3 4 opzac BED a-7 3
T-EEBRELTEREYXED, AEENLLD 7L
2 — AERYPE L7z (Fig. 2). a-7 3 5 — €13 BK
BELLTO0~150U/ml T4, a-2 12y 5 —

Table 6.
glucoamylase activity of ginjo-kojr.

Effect of a-glucosidase on analysis of

Enzyme activity  Effect of a-glucosidase

g )
Sample ey matel) on glucos(e/(l))z'oduction

I I (I1/T)

A 117 12 10.3

B 115 15 13.0

Cc 123 14 11.3

D 126 18 14.3

E 104 16 15.4

F 116 15 12.9

G 87 13 14.9
H 112 14 12.5

I 116 15 12.9

J 115 12 10.4
K 126 17 13.5

L 65 26 40.0
Average 110 15.6 14.2

I: Glucoamylase activity of ginjo-koji samples analysed
according to The Official Methods of Analysis of the
National Tax Administration Agency of Japan, 3rd ed.
II: Values converted by Fig. 3 from glucose amount pro-
duced by a-glucosidase and a-amylase of koji. Samples
A-L are described in Table 1.

€13 0~0.3U/ml T 6 BRI L X @ - BE B A VERL
L, 2%7F 7 vRERLELTHC CRIEXRTY
na—-AERBPELE. FORE, a-7 15—+
ZEER -3 F— B OBEERTII S
2-RAERIRRLREh o, L La-T7 55—+
a2y - UEER Lo~V a v & —
CEHRMBCIE LTIV 2 — 2% B ER L. %1,
COBARICIIERENTED LR, ThyBREKLI LT
OGBS, EEMANOBEIELRR (Table 1, 2)
Nha-7 IF—¥, a-F N3V E—-EDIBEL
BN - AEFEYHEEL, 7127 35 —EHE
ICHRE L7 (Table 6, 7). * DOREREMEE, ¥@igitic,
FNa7T 7 —EiEEE SRIED 5 $10~20% 55
D2BEROBECLIBLDOLEFEINT.

ABREE L -HMOMFENRE  Table3 158
KRBEDVMEL I B & a-7 N 3 v F — CEMI M
KR TIe B EDBbAR ), BEETEE DItk 3
FEROFRLLDOBEHI TR INI. —RBITBEEE D
EEOCTERSENMEVCAXLERT L L b1,
BV TUIkOFOE THAORER T UL X 5
KGR EYFERTEZELE . 2T, Fvoy
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Table 7. Effect of a-glucosidase on analysis of Table 8. Amylase activities of steamed and raw
glucoamylase activity of futsu-koji. rice koji.
Enzyme activity Effect of a-glucosidase Treatment Glucoamylase a-Amylase a-Glucosidase
Sample (U/g-dry matter) (%) (U/g-dry matter)
P on glucose production
I I /1) Steamed 225 1441 1.114
M 175 20 11.4 Non-steamed 259 1623 2.207
N 151 21 13.9
o] 75 8 10.7 DD, a-7 I 7 —EELOFRETFTTREE R /42 —
P 129 17 13.9 ADERATD LRI, WO/ V2T T - EiERY
Q 149 27 18.1 BT 5 & XT3 H BRI YAV 50T,
R 119 20 16.8 MR I AL 2T 5 — LD, a-T § 5=
i is z: ii La-sna v —EnFFLTVHIERES. T
) T, - NV E—HTIBIa—A
U 149 18 12.1 HET, « kB S E - AR
v 117 15 128 EBL TV DT, FRESHFEY TREL T2
w 109 23 21.8 SAAT I —EERE ST 5 —E Db DK
X 149 21 14.2 FT BTV, L, EBITII L B A
Y 189 23 12.2 - 2AAFRERTV20THYH, SEOKEE,DL
A A - . .
Average 146 20.7 14.2 a7 M3 LE DHEFERET L Lx TR L

Samples M-Y are described in Table 2.
I and II are the same as in Table 6.

ODREBIZ LB/ NVaTIF—¥, a-7 15 —¥, a-
Fna v —EEEOCER Y HERHT 5100, AR
BWELicakB, SXBMOEFEHELAB L
(Table 8). TDFERa-7 15—+, 7127 35—
CILHE DB ok, a-F 2 v F—Hid
KRBT a kOB 2 fEDOEEE R L.

% ®

BBV PRI 0= VHDOT 15 -+
Thba-T3I5—KEIN2T 5 —ENFETS.
L L, FOFEERIVEVIDOD, IBHEEH 12
D7 I5—¥Thba-rLavF—EPHEETHE
EBRHILNT WS . EERF2EFDT I 7 —EITHEN,
a-7 N2 v —-EORBEREC T HBE T OWT
AR AN, BEFLDL, A niger HERD a-
Frav g - CRERERYRACTREZEF LT
5. BEBECOTERBEZIBEBRIERATH Y,
isomaltose, panose, isomaltotriose 7z & DA ) TR L =
FheqD- N2 FHERTHILETHEEHREL
Twb., ¥, BRKOBRE - BT 5 a-71 2
VE—EDBEIITEAEREBELTVLS.D L
2L, Fig. 2ILR LI X DT, a-7va v F—XEM
TRF VI oD rLra—AERIIBED LA D

Exbhb. ZOFERYHEETH DT> EEMN
ERLEBEBREROBERENL DL, 71 = - AERICIZ
10~0%BEDa-7/ LV a v F-XDERIBEES LT
WA EHEE IR EFEOBBEREDOHMNIAD, B
BRI T 5BLAEE - TR D, TD12ODLAMR
FTREEM/L LT a-T I5—EEHTEI/AL2T 3
7 — ¥R OEAE V- ENEDLhTEY, s
7iIS5-EFEHEOHVCEEOBTELEDLR T
5.0 UnlL, cnETRELELTIWICa-T LY
F— LB L LIEBEEVRAZ» S Livisu.
BEEMRE, BRCEREYHALTRETS. L
2L, ARTAVCTIAY O NDZ ERTTIHDL
NTEHY,MV DT LT A opzae ET V7 v RFIA
TAHEEYEELTVWAZERRLTWS. Bail,
se—=v 7Lt/ a7 s —EREFOEXRT
BB Angeg D/ NaT i -—HEFGCERERE LD
Tk, EF VT ESBETHRDINER C-KE V
AAVELDIEXBELMR LY LT, £X%kT
DWW TIRZDET v 7 Vv BEN YR -Ics/v=a7
15— EHFHEEEINDLVLHOBEDT T, £X&
aRXKTS5gDATr — A THORBHEY T, ®O
ERENLYRAELLLZS, FECRLTIZA27
F—EEHR LB ERL Lo h, -7 ra v
A —CEEI 2 EOFHEME X R LI (Table 8). T D
P ¥ % SDS-PAGE BERkEHCBE Lic & Z A (data
not shown) 727 I 5 —€D 65kD D~ v F & 90-
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104 HEX BADL

EWIFE H13%E

130kD DR A7l v FIIE LIRS hieh o7
7%, 108kD DOAIBW AR TOLBEL S v FARD
bhte. ZoOMER, BRERORMERTY o-7
oy H—-¥ONBIRELC—HTHI LXBHELT
Wb, BaAcz b, K Ta-sra v d—E0NE
BEEINTVWHZ LETRBETARBRTH 0. K
BT, HEOWEIZD X 52— IEE &K
THMT 5 &%, BROFLEALER T
WESHBEBLOLE L. SEDOKBRTIIEN
Ao ThHN, MEEED X 5 HERKSEGOBXY
ERTAEERECIE, a-/ 3y F—ERThE
TELLR TV LZEER@BEY LTV 500
LRAWI ERFRELT VA, 2L 5edhb,
FDa-7Na v E—EOFERREILa-7 7 —ER
a7 is—¥rRAECEBENEDTEEED LT
HEETHAHLEDLIA.

L3 3|

1. 2EoOHBENES (128) o (SEER, ¥
BER) wonWT, a-f a2y F—-%, a-T7 3 T~
¥, a7 5 -EieEOBERESEEYAETS L L
bz, MMKRMG L OBRIOWTET L.

2. WhDa-sr v —EEHIT IV T S
55—+, a-7 15X L HRIEOHBEAVED LR,
HrothE & oficE\ CHEBEY R L

3. a-7 37— HIIEASRLBVEREEYRL, %
BAMSO X 5> ERKRSEDOLOTIIESEIELE
A BDEHL, a-F a2 F—EXOESHETIIE
ETR ol ZOZ Y, WEMTE L THERR
Ta-Znavyf—EOENHEELREL LD L2
b, BWEBENECIIa-I a2 v F—ENEEBE
LTWBZ ENEZLLRT.

4. BB LTre-sravF—Er A BiaBE
HMERDD, a-s/ v a vy F—HEpisra— AR
CHEELTWBZ ERRLI. ‘

5 EMa-srravF-YEBTR, FvyFSvn
LA a - ADERIBDLRIH oD, a-T 3
S—EEDRETFTIZINa —2AERNED LRI,

6. BEOHMFOFLER LD a-7 Va2 Yy F—HD

srra—-REREER, a7 iS5 —EEEELT
BE XN HEDIO~0RBE LHEIh, BEBHT
DENTRTCLER TRV BEY L TWBEELD
.

B, B, SREERNTYRE VBV LEOBREBROER,
Bl a-7 ¢ 5 -CEREHE L TEVCCARAFEEORER O
FPHAFELCR# L ET.
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