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* Enzymes affecting the parallel fermentation of
saké moromi-mash. — A monograph — Nuro-
xawa, Y. (National Research Institute of Brew-
ing, 2-6 Takinogawa, Kita-ku, Tokyo 114)
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Table 1. Initial rate of rice digestion.
Tempera- a-Amylase (U/g-Rice)
ture (°C) (1/U%%/day) 100 200 300 400

12 0.053 0.133 0.153 0.166 0.176

15 0.075 0.187 0.216 0.235 0.248

18 0.101 0.255 0.291 0.316 0.335

The rice dissolution rates are calculated from
equation (2) using values indicated for 2 and
expressed by g-glucose/g-rice/day.
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Fig. 1. Rice dissolution during saké morom:
mash fermentation.
Rice dissolution rate is the total of the glu-
cose fermented and residual sugars in the
mash and indicated by g/g-rice.
The moromi-mashes were incubated at 12, 15,
and 18°C, respectively, with an enzyme
preparation, adjusting the «-amylase and
glucoamylase activities at 100 and 60 units/
g-rice, respectively.
Broken lines are simulation calculated from
equation (2).
O 12°C, (P 15C, @ 18°C.

0.200

-t

0.100}

o
o
(52}
o
T

k (1/U% /Day)

0.010

34 35
1/T (x 10* °K)

Fig. 2. Arrhenius plots of the constants %, ki,
and k. for rice dissolution, glucose produc-
tion, and alcohol production.

@ : rice digestion, (P : glucose production,
O : alcohol production.
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Fig. 3. Glucose production during saké moromi-
mash fermentation.
Glucose production rate is the total of the
glucose fermented and the residual glucose
in the mash and indicated by g/g-rice.
The moromi-mashes were incubated at 15°C
with 25 (O), 40 (®), 55 (), or 70 (@)
units/g-rice of glucoamylase. @-Amylase level
was 200 units/g-rice.
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Fig. 4. Glucose production and alcoholic fermen-
tation in the saké moromi-mash incubated at
various temperatures.
—— glucose production,
O 10C, @ 15°C, (» 20°C.

---- fermentation.

Table 2. Initial rate of glucose production.
Tempera- . Glucoamylase (U/g-Rice)
ture (°C) (mg/U/day) 40 50 60

10 0.56 0.022 0.028 0.037
15 0.90 0.036 0.048 0.054
20 1.56 0.062 0.078 0.094

The glucose production rates are calculated
from equation (3) using values indicated for k1
and expressed by g-glucose/g-rice/day.
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Z A= JLDERT INREHAABRICLS. Table 3. Coefficients for alcohol production
Fig. 5 O#lic s 3 X Hic, 73— VidiZIZERENC by yeast.
ERENE. bAHPTRERKI—ELEIOND Glucoamylase Temperature
DT, WEER(ORO L S ICHBERTEINS. ~ (U/g-rice) 10°C 15°C 20°C
dA/dt=F, (4) 25 0. 020 0.036 0. 054
A:Tra— (g rva—2), ke 2 40 0.026 0. 045 0. 064
£ B (E) 55 0.035  0.057  0.085
70 0.035 0.058 0. 080
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Fig. 5. Alcoholic fermentation of saké moromi-
mash.
The amounts of glucose converted to alcohol
was calculated from the CO: liberation.
The moromi-mashes were incubated at 15°C
with 25 (O), 40 (@), 55 (®), or 70 (D) units/
g-rice of glucoamylase - Amylase level was
200 units/g-rice.

—— : fermentation, ----:residual glucose.

The amounts of glucose converted to alcohol
was calculated from the CO: liberation.
Alcohol production rates are coefficients, k.
(g-glucose/day), in this case.
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Fig. 6. Model pattern of paralle! fermentation.
Rice dissolution, glucose production, and
alcohol production are all expressed by an
equivalent amount of glucose (g/g-rice).
a-Amylase 200 U/g-Rice,

Glucoamylase 55 U/g-Rice.
@ : rice digestion, O : glucose production,
(® : alcohol production.
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Fig. 7. Fermentation and acid protease.
The amounts of glucose converted to alcohol

LY BT TEERNBRE AT - T& /. EBROBA was calculated from the CO: liberation.

ACH T, ThdOREBLBAKICEZ, Ldd The moromi-mashes were incubated at 15°C
. . s ~ with acid protease at 250 (@), 500 ((P), or

ﬁi@QXEWEE&%C&b%ﬁéﬂé-itww 1000 () units/g-rice.

BFRic kb, 9% EUXOWEMR, 7va1—RDER, a-Amylase and glucoamylase levels were 100

Ta— VERICKHURE o 77— EBE0 Ty and 50 units/g-rice, respectively.

Table 4. Enzyme levels and fermentation rates.

Glucoamylase = a-Amylase Acid protease (U/g-tice)

(U/g-rice) 250 500 1000 Mean

25 100 33.95 52.15 49.49 45.20

400 38.24 48.67 51.53 46.15

50 100 40.90 52.56 68. 00 53.82

400 36.81 50.51 71.98 53.10

75 100 39.47 51.44 65.24 52.05

400 35.99 52.56 62.78 50. 44

Mean 37.56 51.32 61.50

Total glucose consumption (g) per 100 g white-rice after 15 days fermenta-
tion are listed.
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Table 5. Significant enzymes affecting the
saké moromi-mash fermentation.

Fermen- Rice Glucose
Enzymes tation digestion production
Acid protease (A)  hkx *kk *
a-Amylase (B) *
Glucoamylase (C) * Aok ok

AXxXC *

*xk Greatly significant
* Significant at 5% level

BRI 0T 7 —ENRECEELRIILTNE L
(MR ->E0bhrB. ISHHORBE (HBIhS
na—2RE) BRHI-DM, Table 4 TH3. chx
b SICBRDIFT AT - kR, Table 543 X Hic,
Bt oF T RO THEICREBATREL T3
IO, FuvaT s —EEEECHNTH
7203, iR X FICRR - KEAFDI-DTHS. X
ST o F T €L vaT IS5 —ERICEEE
An&ohicds, chik20TRERT 5.

TNA—ZADERE HAHAHIKDONT, 15AHD
Fva—~2ERE (REEYER+ L AHHPORE) %
KT Table 6 iCE &7z, chxd &ic BEOHT
2T kR, Table 5ica 5k 5ic, 2Zva7r
5—ERBDTHEEILEZONTHE L ENSN.
NRYURDOCETHEAHM, CTHBET 77—
CHEEL T,

EUXKDBR £HAAKEO0T, 9 HEOREE
T100g DELK»SHEH I N 2EREXRD T Ta-
ble 7IZF &W7:. i b EIKBRDHZFT- 70 %
R Table5 ICRLTHB. Zhicksd &, ZELXoO
BRCBER a-7T I 7—ERBELTOBEE, 241
SOBM T 07T —~ERREEELRILTNEL
EBRLNT. a-T 15— OEBNLTOKRELE
WZ s, (2)RIEBT 3Rk a DES Vs &/
TELEXLSFATS.

BHE7nr7—E08EE Lloxdic, B
o077 —ERBEELAHOHEBICE - TROTEER
BHETH B ENRONID, FOKEHRITZRBNIM
THAH 5. JlOERICED, W2 a-7 3 5 —FRIE

Table 6. Enzyme levels and glucose production rate.

Glucoamylase  a-Amylase Acid protease (U/g-tice)

(U/g-rice) 250 500 1000 Mean

25 100 46.80 54.24 51.25 50.76

400 55.60 52.50 53.93 54.01

50 100 67.61 65.56 72.86 68.68

400 67.10 71.23 80.76 73.03

75 100 68.57 71.77 79.41 73.25

400 68.13 75.22 76.62 73.32

Mean 62. 30 65.09 69.14

Total glucose (g) liberated from 100 g rice after 15 days fermentation are

listed.
Table 7. Enzyme levels and rice dissolution rates.
Glucoamylase ~ a-Amylase Acid protease (U/g-rice)

(U/g-rice) 250 500 1000 Mean

25 100 44. 40 59.75 67.36 57.17

400 53.00 62.11 67.00 60.70

50 100 47.99 60.85 68.70 59.18

400 50.91 62.91 71.44 61.75

75 100 49.16 59.20 70.50 59.62

400 - 55.30 63.56 68. 26 62.37

Total sugars (g) liberated from 100 g rice-grains after 9 days fermentation

are listed.
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Table 8. Effect of acid protease on rice dissolution.

Reaction system

Liquid volume Extract Free aw-amylase

(ml) () (Units)
a-Amylase (A) 7.0 4.39 0
A + NaCl 14.5 7.26 230
A + Acid Protease (P) 17.0 7.25 378
A + P + NaCl 19.0 8.01 996

20 g steamed rice + 40 ml enzyme solution ; @-Amylase 100 U/ml; 15°C

for 2 days.
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Fig. 8. Glucose production at various gluco-
amylase and acid protease levels.
Glucoamylase concentration (U/g-rice); O :
35, (Pp:55 @:75.
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