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Process control of saké fermentation.—Monograph— YosHiNort SucimMoTo and Ersuin
Fuyira* (Kiku-Masamune Saké Brewing Co., Ltd., Mikage, Higashinada-ku, Kobe 658,
Japan) Hakkokogaku 65: 199-215. 1987.

In recent years, considerable attention has been given to factory automation in
saké brewing. A key to the achievement of this is how to automate the biological
processes, ¢.g., moto (seed mash) making, koji making, and moromi mashing (saké brewing),
which have been conducted by skilled brew-masters.

This paper describes fundamental studies on a system for automatic control of the
moromi mashing process. We investigated the kinetics of the mashing process which
involves dissolution of solid materials, saccharification, yeast growth, and ethanol
fermentation, and proposed rate equations for them. A simulation model of moromi
mashing was constructed by integrating the equations of both the mass transfer and the
biochemical reactions in the multiphase system of solid and liquid. Simulated results
from the model agreed with data observed under various conditions. From simulation
studies on a balance of the main three reactions in moromt mashing, i.e., rice dissolution,
saccharification, and ethanol fermentation, it was suggested that the process is divided
into two phases, and that practical control is possible by merely monitoring the ethanol.

A system for adaptive control of saké mashing with the aid of a microcomputer was
constructed. The temperature of the mash was controlled at the optimal value found
in accordance with the recommended state by simulation of the process based
on the model.
estimation by monitoring carbon dioxide evolution for estimation of the ethanol con-
centration. A test run of mashing in a pilot scale fermentor using 1,000 kg of polished
rice showed a successful performance of the control system, and the quality of the saké

The parameters of the model were successively adjusted for the best

produced was rated to be similar to that brewed in a conventional way.
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Fig. 1. Effects of the ratio of added water
(Kumimizu-buai) on dissolution of substances
from steamed rice.

Acetate buffer (0.1 M) containing a-amylase
(100 units/ml from B. subrilis) was used for
incubation for 12 days at 16°C.
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Table 1. Correlation between several factors and
dissolution rate in a non-fermentation system.
; Correlation
Factors coefficient
Glucose concentration —0. 884
Volume of liquid phase 0. 310%
Agitation —0.017

* Significant with 999% confidence by T-test.
Reaction mixture was prepared as shown in Fig. 3.
Incubation: 60h at 16°C. After removing liquid
by centrifugation, a glucose solution at each concen-
tration was added to the residue under the following
conditions, and mixtures were incubated for 7 days
at 16°C.

Operations: glucose concentration, 0, 150, 300 (g//);
volume of the acetate buffe added, 0, 30, 50 ml;
agitation, 0, 1, 3 (times/d). All combinations were
examined.
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Fig. 2. Inhibition of a-amylase by glucose and
ethanol.
(A), a-amylase from B. subtilis; (B), from A.
oryzae: @, by glucose; O, by ethanol

201

9 -

1 E

= . o
N

Z400 Jao _@

c 4 5

) 3

s je

o B 3

S - -g

© =

9200 420 %
n

— -~ )

@ £

° 72

. 41 S

1 1 1 1 1 1 1 1 1 O
0 ' 50 100

Dissolution rate (%)

Fig. 3. Release of total sugar from steamed rice and

the increase of liquid phase volume as a function
of dissolution rate.
Acetate buffer containing a-amylase, 29.4 ml
(0.1 M, pH 5.0) was added to 30g of steamed
rice. A, total sugar concentration ; @, volume of
liquid phase; A, O, total sugar concentration
and volume of liquid phase at complete dissolu-
tion, respectively.
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Table 2.
for dissolution of steamed rice.

Inhibition factors of glucose and of ethanol

a-Amylase from  a-Amylase from

B. subtilis A. oryzae
Cig 1-0.0022-G 1-0. 0030 G
Cie 1-0. 0024+ £, 1-0. 0016+ £

Inhibition factors, Cig and Cj. were estimated from
Cig, inhibition
factor of glucose; Cie, inhibition factor of ethanol;

the experimental results in Fig. 2.

G, glucose concentration (g//j; £, ethanol concen-
tration (g/7).
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Fig. 4. Simulated results in the dissolution of steamed rice.

Symbols are observed values.
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Lines are simulated curves.

(A): Fifteen g of steamed rice was added to 14.7ml of 0.1 M acetate buffer (pH 5.0)
containing a-amylase from B. subtilis. Solid lines: dissolution rate; Broken lines:
total sugar concentration: @, O, a-amylase 10 units/ml; A, A, 50 units/ml; @, O,
100 units/ml.

(B): Koj7 was used as the a-amylase source. Thirty ml of salt solution containing
14mg of KH,PO, and 2.7mg of N.Cl were added to the mixture of steamed rice
(23.4 g) and 4ogjz (6.6 g). In the fermentation system (solid lines), saké yeast (Kyokai
no. 601) was inoculated at 107 cells/ml added water, and 0.5 ml of toluene was added
in the non-fermentation system (broken lines). @, O, incubated at 8°C; A, 4, 12°C;
¢, &, 16°C.
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Fig. 5. Dissolution patterns of %gf7 and steamed
rice.
Ten g of steamed rice was added to 50ml of
0.1M acetate buffer (pH 5.0) containing a-
amylase (150 units/ml) and glucoamylase (40
units/ml). Ten g of 4o/7 was added to 50 ml of
0.1 M acetate buffer pH 5.0). Both of the mix-
tures were incubated at 15°C. Steamed rice and
koji prepared with “Nihonbare” rice. @, steamed
rice ; O, kosz.
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Fig. 6. Main components of 4¢s7 and steamed rice.
A, water; B, starch; C, soluble sugar; D,
nitrogen components; E, residue; F, microbial
cells.
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Fig. 7. Variation of kgs7 dissolution with pH.
Ten g of koj7 was added to 50ml of acetate
(acetate-HCI) buffer at each pH, and incubated
at 15°C. O, pH 2.0; A, pH 2.0 for 1 day then
pH 4.0; e, pH 4.0; &, pH 5.0.
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Table 3. Effects of the variety of rice grains on #os7 dissolution.
Variety W. cont  a-Aase GAase APase Sq0/So Kax
Nihonbare 31.7 979 169 2647 34.1 0.50
Gohyakumangoku 32.4 727 124 2397 31.2 0.89
Ackei-79go 33.1 949 173 2519 29.4 0.88
Nadahikari 30.0 945 158 2647 36.7 1.08
Hyokei-36go 29.3 868 145 2664 34.2 1.35
Hyokei-37go 29. 4 935 169 2703 37.6 1.24
Hyokei-18go 3.2 981 172 2705 3.2 1. 40
Fukunohana 33.5 846 170 2636 30.1 1.15
Yamadanishiki 33.4 781 152 2413 33.0 1.57

W. cont., water content (%); a-Aase, a-amylase activity (units/g 4gj7); GAase, glucoamylase
activity; APase, acid protease activity; Koj7 was prepared by the standard method on a
practical scale.
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Fig. 8. Simulated results of dissolution of Ao7.
Koj7 was made with “Yamadanishiki” rice (72%
polished). The reaction mixture is described in
Fig. 5. @, 5°C; O, 10°C; A, 15°C.
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Fig. 9. Course of glucose production in a non-
fermentation system.
Thirty g of steamed rice was added to 29.4 ml
of 0.1 M acetate buffer (pH 5. 0) containing a-
amylase and glucoamylase, and incubated at §,
12, 16, and 20°C. , glucose concentration ;
------- , total sugar concentration (data points are
not shown). @, 8°C; O, 12°C; a, 16°C; O,
20°C.
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Fig. 10. Lineweaver-Burk plotting in glucose pro-
duction.
O, glucoamylase 40 units/ml;
The temperature was 16°C.

®, 50 units/ml.
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Fig. 12. Model of saké mashing.
—, reaction; ---», transport; ---, actuation
1, water absorption of £g/7; 2, excretion of enzy-

Fig. 11. Simulations of yeast growth and ethanol
production in morom? mash.

(A) Ethanol production at different tempera-

tures: @, 20°C; O, 16°C; A, 12°C; A, 8°C.
(B) Yeast growth at different temperatures.
Symbols are the same as in (A).

(C) Ethanol production at 16°C with different

mes into liquid phase from kos7; 3, water ab-
sorption of steamed rice; 4, dissolution of steam-
ed rice; 5, dissolution of kos7; 6, glucose pro-
duction ; 7, yeast cell growth; 8, ethanol pro-
duction ; 9, transport of ethanol into solid phase.

inoculum sizes: @, 5.0 (107cells/ml); O, 2.5;
A, 0.2.

(D) Yeast growth with different inoculum sizes.

ETPORFBILDNTRO L Dh DL 20 piig
Symbols are the same as in (C).
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BB HIES SRR R LicmERHIEmET I
2, BB XUREEY (Foe2ONIpREE
RTEH) ORENBRELN .2 FRETRBEE
ERIEEIRE L, REEFELTOL S Kt L.

(1)
(2)
(8)
4)
(5)

BREZ{EDYI2—Y3y  Fig. 12 OFEh
MEd&ic, RREEROBEEHERTRISL LD
T, B¥, EERX, 54 —2-DOBRICESHRIT
Fig. 13 IT/RT 70 —51 %75 6%ER L, BIREE
BDYI 2 —Y g vETFT-70.

—BHASBTREEZENZN 8, 12, 16, 20°C —5&
WERFLIEBERDY IaL—v 3 V#E% Fig. 141
SR U7z, %7z, Tabled |GR LHIISHOTF, £
LRALEZBREALBT, BEMICEBEEEZL IEAD

FOR, BOBIRR (FRPKIEESR)
LPERE

Joa—2EE

BFRHREE

T3 — VEE

Fig. 13. Flow diagram of saké mashing model.

Yial—¥a VEER%E Fig 15 1CR L. WEED D], rate of state varijable change; [, main
BIFREYIalr—Ya VEENELN, A ohE state variable; [, sub state variable; O, co-
RIS X DRGT CRBIREZE(LO FRICESTH 3 variable ; (O, input or output ; ~@-, parameter ;

—, mass flow, ---» information flow.

T EDERI N, Abbreviations are described in the Nomenclature.

Table 4. Feeding procedure of three stages saké mashing.

Feeding stage (Japanese term)

Ist* 2nd 3rd
(Mzzukari) (so€) (naka) (zome)
Time (h) 0 12.0 60.0 84.0
Steamed rice
amount (g) — 33.3 60.5 123.3
water content (%) —_ 36.5 36.3 36.5
Koji
amount (g) 15.5 — 14.7 27.6
water content (%) 28.9 — 30.5 20.8
rice variety Gohyakumangoku — Gohyakumangoku Gohyakumangoku
a-amylase®* 890 — 863 807
glucoamylase®* 178 — 163 154
acid protease** 2200 — 2150 2060
Sa/Sq0 (%) 34.2 — 30.6 28.8
Water (ml) 56.0 — 66.0 148.0
Yeast addition — — —

* First feeding stage was separated in two operations. Water and koj7 was mixed first,
called “Mizukosi”, and steamed rice was added 12h after.
** Enzyme activities are expressed by units/g Aoji.
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o E S5 Fi . . Iy N
Ge L) ig.- 15. Simulation of seké¢ mashing in three stages
<4 400) 50!24_ process.
o ' 8> The procedure for mashing is summarized in
Table 4. - , temperature; other lines are
1]

Time (h)

Time (h)

Fig. 14. Simulations of single-stage seké mashing at
different temperatures.
A simplified seké mashing process (the single
stage mashing) was started with 213 g of steam-
ed rice and 62 g of 4¢j7, mixed in 270 ml of salt
solution containing the yeast (Kyokai no. 601,
5% 107 cells/ml added water). Lines are simulat-
ed curves.

VIalb—YavickBdToERBIRF BSo+
ADEEBEIMEERTIHEE, YATL%4VT5
AT BDBEE L. RESotRDA Y F4 »
HEE—RBERE LT v —ORESH S
>5N3. B o icBWTH, EESPICIDFa
—EV/EY 2FR LicBR7Tra—VEBEOER
BIES, BAKRDESY V7Y v 7Y 25 L9905

simulated curves: , ethanol concentration ;
—-~, glucose concentration; —---, dissolution
rate of rice; —---, total sugar concentration;
----, yeast cell concentration.

INTVES, MRS OREECHETL, 51K
RECREPEINTE D, ERkKR4D L%
EFL53H0ETFHRINS.

£ V=PRI BERTHKE 0 2DE V54
VETEBHESERLINTOEHE LT, S VER
EREOHBEER " NEHINE. COBAKRERY
O A OBITRREHACHEL, €3 —05
Bond—RIEREEDTER L TA V71 V%
ERLTHWAE., 22T, B7o+204+ 54 VEE
HEICSATE2MREEBENL, YIalb—Ya Vv
L TERISDESHZ IR L.

T, REBITNSFEEZAVT, BELEKTH S

+50~ +38 1.1 <*095
g ]
g . s |z |s
| - ~ [~
g o E : A’
e ! l | :
© ol 40 < 40 |
v | o o 0 & 0 i
3 = @ .
o © w - >
2 e
© Al
5

\_/I' 1
-50L -g: 1 L t -38 411 409
0 670 100 200 300 095
Time (h)

Fig. 16.

Responses of state variables to changes of temperature.

The conditions for calculation: ratio of added water, 1359 ; a-amylase activity of
kojz, 850 units/g kojz; glucoamylase, 160 units/g 40s7; variety of rice, “Yamadanishiki”
for kgji; inoculum size of yeast, 5X107 cells/ml added water; standard course of
temperature, started at 8°C, raised linearly for 72h to 16°C, then kept at 16°C.
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BEICHT 3 B REEROE B2 BT U7z, 87
#ER%E Fig. 16 R, —BHRALT, BAKEE
135%, #BE23% L L,[ILESS] [EAE] bozh
ENEESBOBRBLCE, BRCAVT, BREE%:
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¥LW, Dk 16°C —FitE 2L 5 LEERE (i
BE) TYIal—1 LTHLNZRREERDEE
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BEONTO~90R I B I 24 MEE, /Lo —2BE, T
naA—-VEBECBREBISED Shiz. LhL, ¢h
5 DRIEE BT 150 B DI, 7130 — VIRED DT
PREBEOTE, BEEEPTLLILTHIZLALEY
UiZ. Zhicst URRRKIERRIZEATRB L & dic
EBRINS LI HBRETLIENLEL, Fo+
2B LTEECXOBELBNEEI NS,
RICBHDOERRISTH 2 FRKROBME, s/ra—
RERR, TAa-VREORISEEZHETZC Eic
0, BRERISOBESEERIT Uiz, #% 1000kg
DHABEZRELT, FIROEBEHERITEIR LS
BHTYIab—vas r2fTo7c. RISHEEIT 1 BATY
TTODORIGT va—2 BB LT, ZRISEEDE
REAL% Fig. 17-(A) iR U ds, RISEED Yk
ENZERICHOBEFE RS o R i3k& { —D>D8
(7214 ipn8lshsz. bbb, ERKOER,
Ja—RER, Ta—RENSENICHORISIC
 FIRENTIRE(TZHE 1 7 =4 X (First phase), £
LTEE0ESic BB LIRS LLRISERERTE
27 24 X (Second phase) T 3. ZDLS5icFnm
CXZBRTT7 24 XTGPV EDO ML, B2 7
2 A ZCBOTZEBIIZS LOEES & 2 ERIZ,
3 —2DEFERE, Tl va—RERRISOX
KTH3RBHT v 7 v DR~ OHHERE (BRI
DERFEE) DRROMMICE - TRBICHATER
BORE & B LTINS {12, sra—xk4g
ROSBRBIC K > T, Toa—REEMNS VI —2ER
KE-T, ENTOREINZHEEI D, B2
7 2 A ZICBOTIRERKOB T ICHD 2 RISHSEHIRR
INTRISHEL LHERINE.

Fig. 17-(B) 0L 5K BEREBELEL T2, KR
TNA—RER, TNI—NVRETTOKISEE
BETLT, B1724XOBENBELRY, WFic

200

(kg-glucose/h )
o

Temperature ,——— — (°C)

Rate of reaction

0 200
Time (h)
Fig. 17. Reaction rates in saké mashing at different
temperatures. Conditions for calculation are the
same as Fig. 16.

Lines : ——, glucose consumption rate by fer-
mentation ; —--, rice dissolution; ~--, glucose
production.

Fig. 174(C) D& 5 BRERBE®RTHETRTOD
RISHEESHMALTEL 7 x4 XOHBREHEINS.
W, AR RERPRIARIC X 2 AN OB H
B3 THNUL, 95 units/g-EKDOBN ST IS5
—CRETTH, THa— L RENS VI —RERIC
BRETZCEEREL, HYR, Bhickdz8E
7uFT—EOREERNT IEHLT, —BULRT
REEKOBREIMELE, BLBT v — L REEEE
HETEZTHAILLZEZRLTNAS. KBTicBWT
bHNDERERMNG ZRRBBONI:.

T, Y —~DOREBIBERTB o202 v
54 VEIHBERERL 38, ChoDmRIIKKE
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Optimal control : Adaptive control

[ Knowlege of initial condition | 1
H

'
—»[_Observation of the mash__ | !

< Exp d ? N

Y

Modification of
i | the prediction method
H |

¥ f
Prediction of a change :
in the mash :

[ Decision of optimal operation | 3

Fig. 18. Control of szké mashing process by a
brew-master (zou;7).
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mashing process

Temperature control Information
by optimized policy of the process

{ Reference)
', process’
lComparison

Calculation of the optimal temperature
course by a computer
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Input to
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Fig. 19. Strategy for optimal control of szké mash-
ing.
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Fig. 20. Temperature profiles used for the optimal
control of saké mashing.
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Fig. 21. Process control of single-stage saké mashing.
(A): not controlled. (B): controlled by the system of this study. The procedure

for mashing is described as the same in Fig. 14: Enzyme activities, a-amylase,

882 units/g kosz; glucoamylase, 224 units/g Aose.

Lines: - temperature; other

lines are the template data of target processes for control.
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Table 5. Feeding procedure of the process controlled.
Feeding stage (Japanese term)
2nd 3rd
(moto) Lst* (naka) (tome)
Steamed rice :
amount (kg) 54 167 294 570
water content (%) _— 35.8 36.0 35.6
Koji
amount (kg) 26 58 69 136
water content (%) — 29,7 29.6 30.0
Enzyme activity
a-amylase** — 665 664 651
glucoamylase** — 120 118 111
acid protease®* — 2246 2250 2374
Sa/Sq0 (H) — 24.4 24.5 27.0
Water (/) 59 160 308 823

* the whole of first feeding stage (mizukosi and soe). ** see Table 4.
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A

) CO,
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Fig. 22. Control system of the mashing in a pilot scale.
DPC :Edigital programmable controller.
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Fig. 23. Process control of saké mashing in a pilot
scale.

—, the template data of the target process for
control.  --e--e- , trace of observed values.

BRI O EMIZ, AV 54 vilkET BT
—VBE, BIUKBEEZR U CHABEEERAL
7o, BELRBOTERIN 2 BERBIZEENE 9
ADBEREE (Fig- 24 B) 2HKBREL, 1 HE
ICREA LR LT - 7.

HEERICTS 1 2 Z2IRIEEH D ik % Fig.
B icRT. REXVBEOHIELSK, HEIEEET,
BLU B HELYECHABEOMIEHE S at20H
AKEE»S, PPANZEASED S, BLE
BERREBERTH 2 73— ViREIZ 70+ 2280
ZEULTEL—HLTED, &L LTRIFESHIES
TEETH - 7.

Fig. 24 Ci3BVEEFEDOEBELER L. Bk
R7o e XETEESICREI N BEE Y EE,
KRBVERETH 2. BEEFRTHE S TEERFD

r
1
e N
AR N
- s X7 %
o8 c e
~ pa g
o
= 7
=t
jd
@
&t
5 1
=4
10
8 L L 1 1 1 : s " I 1
o 5 10
Time (day)

Fig. 24. Changes temperature in the mashing pro-
cess controlled by the presented system.

, mash temperature; ----, temperature op-

timized ; lines with number, the temperature

profiles used for the optimal control.

Time (day)
Fig. 25. Course of fermentation rate in the con-
_trolled process.
, evolution rate of CO; gas.

RERSEAL $ 2 — V2 RIc—B LTS D, SR
HILTONITEERLTVWS. Lbl, BE@EeEE
REDMITI, BKT £1°C OEEEMSED Shi-.
Fig. 25 ITI3REEA R SELEHBF DRERSE (L %R Lz,
HAREEEIZ S v — 2 MEBETL, BIEMLE
Aoh3d 5g/l iIGE3S SHE»S 6 HERRMI TS
BiTBD L, CORMICHRDO 7 =4 XOEHEDY
BHofcEHEEEING.
HAAABEO0HE LT, FEELVIIABICEHE:

RKTL, Trva—aFmlLTl B B L. Ll

BEORSMIBABEESY +4.5 (BEME, +2.0), BE
1.9, T3/ EEL2, Toa—ViRE 153g/ (B
18, 155¢g/0), /'na—2ME 4.0 g/, 2R 5.9
&8/l THy, ¥BEII28. 8B L EEME (28.0%) iT:H
WESE NI, Fi, BB LI kS5 —8&ikck 3
EREREZT R, &% B ELOCRFLORE
RSB ONI. X

UL, BOTva—VRE, ¥b& L bicEMIC
AVEDBBONIC EDD, BERUHAESEHAY X
TARKOVB ot AOEBEBSTREEZELI OO B.

E b b (T

IV E2—F XK, ERED D OB B
Duaify MERE, HEMED FARREOLD LR
POD2H5. UL, FIDICR~NELS il
B2 FAZRORIZ, RE v 0EHERICS
3LEZONS. KRN TR, HEBE S 022D
THHLNE o R THIB S 0BT,
DEBEEY X7 L0—REZREL, BELIVXF
LCEL-THEMET 2 EROWEY, WELINKRT
BETE3C L2BEohITLI.

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

214 A - BEE ORE

BEETY %65%

AKYRTFLAEISICHREIRIZICIE, KPEHRE
SEOERS, EE EEL BET RS DERBE

PESORBMBEZ RN LERSOHEREHAILT 3,

HENVRBENLEA VA VEHAITAILE, SEEO
BEERILT LD IBKETHE. i, B
BV OREEFENRAT 2 S EHE B Hlad ok
ERE D ETRYIIEELR S, T EBOBSICE
HEMEISHET3KICR, BEORKEEOWE, ¥
FLOREWMDOHERIL Y, I ITUMENRET S
ThHHD. TS OFEBEOMBEOHBIIFTE B HIMm
AT LDBAZEDDOMRTZO0EE LINEEZ
3.

oty

C 5

Ax CBICXBZBKE, /

An P EKICEBZBKE, /

Cie, Cig 1 &/ —ABIUI/ va—Rick BIENKE
RIS DRLERE, /g

C: :28RE, g/

£, BhRO a-7 I35 —FEE, units/!/

E: BRhOsSvaT IS5 —VEE, units//

Ey 1Ta—nNBE, g/l

G Snva—-RBE, g/l

71O va— 2O KRN
(0. 612), ml/g

rIFVTUNS S —2A0EHEK (1.11),
g glucose/g starch

R HKEER, 8

S ERRPRIBBCBY 2 RBREBOER, 8

Se HOBFRICBIZ SQ (BARYRE) DA
MEEEE, ¢

Ss EIDERRITEIT S SS (HIEMMEE) OXE
REEER, g

T RISEE, °K

¢ RICKR, h

v @03%!‘@% l

Va 1 BHIKE,

Ve :8Q 03{“‘%;2& 1/h

Ve :SS DISHREREE, 1/h

Ve tRBiCEINI2KNE, /

CERERE, cells//

m - B REEHER, cells/!

b RAREEIC S ) A EERE O LLEREEE, 1/h

re P RBIZBUY BERBOLEEERE, 1/h

v o IRRENC B B T v 3 — v D b A B R
g ethanol/g cell-h

ve BIREBIIBTa—LDERERE, g ethanol
/g cell-h

APRORITICHE L, #BTBRENL 5 TIELEE - L ARAET
FHAMOABERL b UKESEEERHEDSBICHA TR .
LEd,

Tl RRXORELZBH LN O IS ERES RS IR
BHEZMBAR, 725 UKERTISREBEDTRKICER:
LEFTELEBIT, RPFROZRTICHD, FCERL TN
B RE, AFFBRICES B LT,

X iy
1) E5REAHS - BEEg, 56, 936 (1961).
2) RHA IE: 74— Ny 781, p. 180, #— A

#, B (1971).

3) BREXKIE, HAFH, BPHik, FEHE Bo
Ads  EBEET S, 61, 331 (1983).

4) BREXME, #AF#, BEdhedk, FREE, Ao
AW BT R, 62, 63 (1984),

5) ©AFHE, Ak, HNIBA, EIfk, FH
WE, HOAK: BABBIY¥ARSEEE,
p. 46 (1984).

6) Brhigsk, EAKNHE, $HARTF, HIIBA, EL
ok, SHEE, BOAK: BEIY, 62, 391
(1984).

7 =ENE, RHEE BT, 45, 973 (1967).

8) KBRIEWR, KATR, HEEZH: BI, 51,
35 (1973).

9) BILEREGR) : MoOmER;
A (1979).

100 7H)IIRKER, A¥EE— : Bk, 71, 863 (1976).

11) 8 M7k - BElg, 62, 589 (1967).

12) =5ME, ABsE, BHEE: BT, 51, 315
(1973).

13) F)IIFRKER, ABEE : B, 73, 785 (1978).

14) 7JIFRKER - Y T4, 58, 391 (1980).

15) Nitta, Y., Hiromi, K., Ono, S.: /. Biochem., 69,
577 (1971).

16) BEABGERAFT - BEMNERMN, 35 1979).

17) KBIER, KEITR, BERZHE BT, 51,178
(1973).

18) Nunokawa, VY., Sumiya, S., Iwano, K.: /.
Ferment. Technol., 56, 380 (1978).

19) &% Wk : BElE, 62, 1263 (1967).

20) W)IER], FEOFIk : B, 80, 67 (1985).

2D FRIE # : B4k, 24, 88 (1950),

22) =EME, /ML - mlg, 70, 277 (1975).

23) KHEBPUEE, thiRZEHER - BEky, 71, 121 (1976).

24) RFFTIR, BREZIE : B, 77, 260 (1982).

25) BEIEN, KBS : By, 69, 855 (1974).

26) =EME, RHAZE BT, 49, 935 (1971).

27) KBIEWR, KB, H)IFHKE: BI, 53,

i, BHETRRSRAT

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

19874F £ 3 & EEBO 7° o+ 2§ 215
471 (1975). 42) KBRS« HIEWERAF, po 267, Wi, H

28) KAEXR BT, 51, 205 (1973),

29) KAER BT, 51, 473 (1973).

30) = &, HHEE, LHEE, BOAK BT,
52, 190 (1974).

3D |\ & RIRKFEELHRI 1974).

32) SpARWEAC, KABIEW, HHEE, ERBZE B
%, 67, 362 (1972).

33) saoKERRC, TOANE, HEIE © B, 67, 449

(1972).

34) Ghose, K., Tyagi, D.: Biotechnol. Bioeng., 21,
1402 (1979).

35) Webb, J.: Enzyme and Metabolic Inhibitors,
Academic Press, New York (1963).

36) 8 WX, MK W B, 58, 1181 (1963).

37) Strehaiano, P., Mota, M., Choma, G. : Biorechnol.
Lezz., 5, 135 (1983).

38) Lee, M., Pollard, F., Coulman, A.: Brotechnol.
Bioeng., 25, 497 (1983).

39) Luedeking, R., Piret, L.: /. Biockem. Microbial.
Technol. Eng., 1, 393 (1959).

40) Sugimoto, Y., Tanaka, N., Furukawa, A.,
Watanabe, K., Yoshida, T., Taguchi, H: /.
Ferment. Tecknol., 64, 187 (1986).

41 HER ), H)IYRKER - BT, 58, 355

(1980).

= (1973).

43) EEEFIR, SAEEdc—, KEBRE, FR R, 9
%— : B, 80, 553 (1985).

44) Dairaku, K., Yamane, T.: Biotechnol. Bioeng.,
21, 1971 (1979).

45) ERERIR, HIR W, Af— AFH # =8
FR, M= BABELFLSKELTEEE,
p. 482 (1986).

46) Nanba, A.) Hirota, F., Nagai, S.:. /. Ferment.
Technol., 59, 383 (1981).

47) EARE, EEEdE, A
BE, BARE:
p. 131 (1983).

48) #2AKHE, Bk, HIIEA, Edfk, FH
®E, HOAR B, 82, 205 (1987).

49) kB 15, B #, JulLBY : B, 69, 774
(1974).

50) BIBEAN: VAT L EHIE, T, p 460, E¥
#JE, HiT (1981).

51 BEREE  £4F v s uss5 vy, ERE
f8, B (1980).

52) YHIEA : BB, 57, 445 (1973).

53) /NEEEER 1 BB O EIE KBRS HEE R E, WX
F&Am (1985).

B, WIURE, Tl
FAME THLREEE

(HE62. 3. 9%%A1)

NI | -El ectronic Library Service



