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Growth characteristics of kogji-mold on steamed rice
grains and koji-making utilizing the characteristics.
— A monograph — SENosuke Sucama and Naorto
Oxazax1 (National Research Institute of Brewing, 2-6
Takinogawa, Kita-ku, Tokyo 114, Japan)
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Fig. 2. A solid state cultivation controllable of atmos-
R: Eﬂtmﬁ=%§??§ X100 pheric humidity.19
For humidifying solution, see Table 1.
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Fig. 1. A collection method of CO3 evolution during

a solid state cultivation.1®

1. Air washer containing 400 ml of 109 aqueous
NaOH soln. ‘

2. Peristaltic pump (20 ml air/g dry steamed rice/
h)

3. Relative humidity regulator (1.5 % 18 cm) con-
taining 25 ml of 6.595 aqueous NaOH soln.

4. Incubation tube (1.2 X 25cm) for 8g dry
steamed rice grains

5. Thermostat (30°C)

6. CO3 collector (1.5% 18 cm) containing 20 ml
of 295 aqueous NaOH soln. ‘
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Fig. 3. Improved Warburg vessel (45 ml) for the de-
termination of Oz consumption during solid state
culture.1®)
A = alkali (or acid) tray
G == stopper with gas vent
I = incubation chamber
P = partition
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Table 1. Equilibrium relative humidity adjusted
with NaOH or H2SOy solutions (see Fig. 2).

1 [2)
Relative humidity (%) Concentration (%)

NaOH H2SO,
100 0 0
99 1.4 2.0
98 2.8 3.9
97 4.2 5.8
96 5.4 7.7
95 6.5 9.5
9 7.6 11.2
92 9.6 14.5
90 11.5 17.3
88 13.3 19.8
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Fig. 4. Equipment for oxygen supply for solid state

culture.1®

A = 6.595 NaOH aqueous soln.

E = electrolyte (9.5% H:SO4 aqueous soln.)
M = mercury manometer

N = cathode

P = anode

S = steamed rice grains

T = two-way stopcock
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Table 2. Respiratory quotient of 4. oryzae grown on the
surface of steamed rice grains.

Incubation Oz consumption CO: evolution R Q

period (h) per hour (ul) per hour (ul)
16 221 234 1.06
17 270 273 1.01
18 443 403 0.91
19 503 525 1.04
20 661 635 0.96
21 803 762 0.95
22 946 903 0.95

Average 0,98

1.5 g of inoculated steamed rice grains were incubated in im-
proved Warburg vessels at 35°C under 9593 relative humidity.
Oxygen consumption was estimated by addition of 6.595 NaOH
in the vessel and overall change of gas volume was estimated

by addition of 9.595 HzSOs.

Therefore, carbondioxide evolution was calculated to substract
the overall change of gas volume from the oxygen consumption.

"N I-Electronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

154 ElRzE - RE BEA

BEETF H60%

DIGITAL-ANALOG
CONVERTER

IEkie

DIGITAL COUNTER:

0~10V out put
Fecoruee]

229222228 9%

[ L o k. ]

DiGITAL COWNTER

PR ]

CONSTANT CURRENT
GENERATOR

“F Prossive
#5V  DETECTOR

Fig. 5. Schematic diagram of the apparatus for oxy-
gen supply to conpensate oxygen consumption in

solid state culture (related to Fig. 4).1
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Fig. 6. Oxygen consumption measured by automatic
(see Figs. 4, 5) and manometric methods (see Fig.
3) during solid state culture.1® 1.5 g of steamed
rice (0.583 g water/g dry matter) inoculated with
3 x 108 spores of A. orpzae RIB 128 was incubated
at 35°C under 95% relative humidity.
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BHEERERIEEE C & VBAERIEEERIEL, BE
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Logistic FHEFIV® BRHICE 2> THES
NEBREERR, BROBBEODO T A VF —ERKE
BRI RBERZ N EDARITEENS. T TR,
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BRRINE -, HHECET 3ERLERAT.

A : BREBNE (ml-Osfg-14)
a : RAERRIC L 2BRERINE (al-Os/g-#47)
mo : FIREAE (mg-LiRsk/s-5y)
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Table 3. Effect of culture conditions on carbon

dioxide evolution per unit mycelium of 4.
oryzae. § 10 poo;%_o:éé..é...—: 10000
= o A 0., 3
Culture conditions Incubation period (h) g n K ."" p e
18 24 36 E F FF - %
A) On rice flour medium15 g i 9 "’ /0’0558 .
1) Strains used 210 E—Q ..0}),‘A | 1000-%
RIB 128 1.00 1.10 1.15 é i 3 g
RIB 127 0.81 0.86 1.07 2 Fs J7 :
RIB 142 0.76 1.06 1.15 8 I /Z .
2) Incubation temperature(°C) § 0.1 f '] 100 g
30 0.95 0.95 1.39 oy ,°/
3 1.08 1.15 1.25 o ,Z
3) Varieties of rice used E Vrol NN
Koshijiwase 0.99 0.98 1.04 8 16 24 32 40 48
Nihonbare  0.82 1.09 1.13 Incubation period (h)
Shiokari 0.95 0.95 1.39 Fig. 7. Changes of glucosamine content, enzyme
4) Polishing rates of rice (%5) activity and oxygen consumption rate during the
95 0.89 1.12 1.53 growth of mold.1®
85 1.02 .0.97 1.08 : rice grains, ------- : wheat bran
75 0.82 1.09 1.13 A : glucosamine content [ug/g dry steamed rice
65 1.19 1.33 1.27 or wheat bran]
: @ : a-amylase activity [unit/g dry steamed rice or
B) On steamed rice grains wheat bran]
Polishing rates of rice (%) O : oxygen consumption rate [ml/g dry steamed
95 _ — 1.16 rice or wheat bran/h]
8 — — 1.08
o o Le m s KR (R e-o)

D M B T B HEREEE T ()
K : BREINE © BEMERRERI (nl-Oy/
mg-BEHREE k)
Ko : WAIPRGERE (ml-Og/mg-g 48 ik/h)
: BB OB AE (mg-igsik/g-&y)

EThid,

The table shows mg carbon dioxide evolved per
mg dry mycelial weight.

For B, mycelial weights were corrected by multi-
plication by 1.27. Culture conditions were as
follows: strain, A. oryzae RIB 128; incubation
temperature, 30°C, atmospheric relative humidi- N
ty, 95%; variety of rice, Koshihikari; degree of pol-
ishing of rice, 75%.

Table 4. Relationship between carbon dioxide evolution rate and mycelial weight grown.

. .. Wheat
Rice kyji 4 an keji
Maximum Oz consumption rate [ml/g dry steamed rice or wheat bran/h] 2.00 11.10
Maximum COj evolution rate [mg/ V] 1 3.93 21.80
Maximum glucosamine content [mg/g dry steamed rice or wheat bran] 2.23 10. 66
Maximum mycelial weight [mg/ Y/ ] 29.7 142.1
Mazx. O consumption rate/Max. mycelial weight grown 0.0673 0.0781

Maximum oxygen consumption rate and maximum glucosamine content are from Fig. 7. Maximum
carbon dioxide evolution rate is calculated from the maximum oxygen consumption rate of RQ=1.0,
and maximum mycelial weight is calculated from maximum glucosamine content using the convertion
rate of 0.075.15
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AR ECBAG®RE,
Incubation period (h)
%—:KQN (14) Fig. 8. Oxygen consumed and oxygen consumption
, rate during the growth of mold.
logistic 72 3REA N E U CEW BRI (ADR), A : oxygen consumed,
BLUBREPGEE (12)R) KOV TOREEEE O: ozygj;;onswnpﬁ?n ;ate' by B | 4
BEO B Fig. 8 Wi d. HAXBIUBOTIO A an t were calculated by Egs. (13) an
12) (see solid lines) provided that y=0.295, N=

HEGWEL L —H L. 7L, BICOWTARE 20, ; (m«) 0.00909, )K’i 0.322 and Ko0.0673 for
BO &8 D BRABRBIGEEICE Lctk, RREOE rice grains and p=0.347, N==142.1, mo=0.0182,
TolkHERMELEOMICTNIET S. K1=0.325 and Kz=0.0781 for wheat bran.
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Fig. 9. Calculated endogenous oxygen consumption
rate, glucosamine content and enzyme activity
during the growth of mold.

A : glucosamine content [ug/g dry steamed rice
or wheat bran]

O : a-amylase activity [unit/g dry steamed rice or
wheat bran]

: calculated endogenous oxygen consumption
rate

Solid lines were calculated by the second term in

Eq. 12.

Table 5.
rice grains at 35 and 40°C.

Fig. 7 TRI N BRBPIEERS & BAEERB D
B0, (2)RALOE 1 BB ERE SN
WERTH 5.

BIEICEIDS5MEE FIETEONI R, L,
RUXKEICBY 2MEOMIICET 2 85ME, T15b
HXROEREC B ) 2 HMREERE E (1), EARRIN
B2t 1.0 ml/g-&4 13 28R (T1.0), BEIURKER
SBUIGERE (O2 maz) 2B Ule. €T Tro 33
FEEEDSKE  BIZSEV 2 DOBRRRIGEEND -
72854, TiofHAVNEVIZERFOFEBIIE T
EERT. FIBEKBRBPGEE, Oz maz ZADHRT
REINB LI CBAKEREEROEELLS. Dk,
#y T1.0, O2maz @D 3 DOHHEBEEICKIZTE A OE
R0 THREEMZ 5. oM (8) RTRINB X
3T, NEHEH OB CTRBERINE DB &
MR OIBEICILZ DT, BREINES 10 ml/g-#y
WCE LA THEL, SEEESHT COR—BE#&K
BRBUIBREERTEORBET- .

5. AL BEIEREELLY
ARSI EEOTRWEEHE L LT, aamylase, glu-

coamylase, acid protease 5 X f acid carboxypeptidase
Z2RE L. HNS0 3, HEBORRICERER
594 20T ac-amylase T 58, acid protease jT & -
THKRAD a-amylase DFSIREBBRIN L T &8

Changes of enzyme activities during the growth of 4. oryzae on the steamed

O3 consumption
ml Ogfg dry matter

Enzyme activities and its ratio
a-Amyl Glc APase ACPase Glc/[APase Glc/ACPase

at 30°C 15 990 257 2790 13300 0. 092 0.019
23 1160 334 3410 14900 0.098 0.022
30 1090 362 3560 14700 0.102 0.025
35 12300 407 3610 19900 0.113 0.020
40 1490 437 3870 17900 0.113 0.024
46 1330 377 - 3720 14600 0.101 0.026
at 40°C 25 1790 441 3590 10900 0.123 0.041
30 1930 516 3470 10200 0.149 0.050
35 2120 452 3610 10800 0.125 0.042
40 2030 488 3710 11400 0.132 0.046
50 2530 552 4160 12100 0.133 0.043

a-amyl: a-amylase, unit/g-dry matter; glc: glucoamylase, mg-glucose/h/g-dry matter,
APase: acid protease, ug-tyrosine/h/g-dry matter; ACPase: acid carboxypeptidase,
pg-tyrosinefh/g-dry matter, DF: deferriferrichrome, ug-DF/g-dry matter.
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Fig. 7 1T e-amylase & BRETEORRZE(LER LT
%3, a-amylase JSHEFEEEBY U CHEEINS T LD
3. TOERE, Table 5 KRINZ LD iCfhoEE
ROV THREMT, SRR OMRILIZEEREIC
Lo TEEAEEDLSIRV. f-T, BREEE BN
ETBEAR, BREHEBIKELUEETHERETS
T EH, BHMEEORA v MiCif5.20

6. BREERORE

ERREORE" ERREISERLECEEL
BEZ22CERITREBEINTNE® 4, ZCTIRHE
JEEOBEETHRIZMA . Fig. 10 i3, 30~40°C
O—EREICF > TR LURKROMBERELRT.
BRI 37.5°C THRAT, TWRATIMET L.
—7, Fig. 10 K BT, B OB 2 BB ORS R
AR U BRRRINELIZE 1 ACBEET 3285,
RFCHATIREOREIDRLNWEEZEZI OIS, RR
BBy 2BREBEICOVT, A—EHARSIURK
BREEICE U/ TR L, Table 6 iIT/RY. H—
BAE (BREINE 10ml/g-wy) THRUCES,
MRS D EEERE (37.5°C) T g-amylase, glucoamylase
B X deferriferrichrome QHAEHN X, —JF acid
protease 33 kP acid carboxypeptidase [3 35°C DT
TIAEESNZ. BEKEEERER (O2mas) id 35~
40°C TRRERVOT, BAREREICIT T BEREER
FA—EARBETHB UIB4 & H UMEmER L.
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Fig. 10. Influence of incubation temperature on the
growth of A. oryzae RIB 128,
The culture conditions are the same as Fig. 6 ex-
cept for incubation temperature.

0.1

FEURKRY RBUKKGEHEL, BHEBIU
BESREEEEANOEEBL T, BREICE UTE UKEK
BHB3%ABE B & HBRER I LIZ0A, T
ANE B RFOHFBIMEEINS. 24BP T
55 &, HMEEREFCEENENS (Table 7). SR
HEBEICEELTIX Table 7 ICR SN B L 51T, KAMD
RDNZEBATBR N D OBEREESE L &L 83
fErER U TR KE/REER IR UKKS342. 2% %
TN LIS, 20D ETRILAEKT T AR
B ohicd, COBERIIRIBTHS.

BEREY BPEElEEEEZREVIL, Bic
NFEOBRRBE CHEBTEXIDT, TOEELHE~:
(Fig. 11). EEREBEM 1 YT T & HBRHEIIET
LISVEBED 2BRBERIN. O ERFEHA

Table 6. Influence of incubation temperature on the enzyme activities.

Incubation Enzyme activities® Enzyme activities?

temp. °C u Osmaz a-Amyl Glc APase ACPase DF a-Amyl Glc APase ACPase
30.0 0.22 1.52 375 104 1290 3240 137 1360 412 5990 17200
32.5 0.24 — 822 221 2100 5960 220 —_ —_ — —
35.0 0.28 1.98 857 207 1900 6410 258 1490 437 3870 17900
37.5 0.28 —_ 923 237 1680 4790 265 — —_ — —_
40.0  0.20 2.00 750 189 1220 3520 254 2030 488 3710 11400

& at 10 ml Oz consumption.
P at maximum mycelial growth.
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Table 7. Influence of water content on the growth and enzyme activities.1?

Growth character-

Quantity of water istic values

H>0 addition content

Enzyme activities® Enzyme activities?

T1.0 O2maezr a-Amyl Glc APase ACPase DF a-Amyl Glc APase ACPase DF

(ml) (%) K

0.3 15.6 0.18 24.3 — — — — _ - —_ - —_ —_ -
0.4 24.4 0.24 21.2 — 845 244 2440 8120 210 —_ - —_ —_ -
0.5 33.3 0.29 19.0 1.85 920 198 1930 6040 258 1500 537 5100 15300 467
0.6 42.2 0.28 18.1 1.87 723 122 1270 4170 227 1470 397 3560 9550 443
0.7 51.1 0.29 16.9 1.77 743 100 770 4730 309 1060 241 2390 6310 563
0.8 59.9 0.29 16.6 1.42 — — — —_ - 625 137 1300 4610 570
1.0 77.6 — — 1.27 — — —_ _— - 329 48 340 3020 299

Addition of water: The definite quantity of water (ml-H:O/g dry rice) containing spores of 4. oryzae was

added to one g of dry rice (a-rice).

2 at 10 ml Oz consumption.
b at maximum mycelial growth.

HBHOBRNEEINS T THEMET LISk - ofl
RE—HLT3 (Fig. 6). LarL, BREEIFBED
& Tio BRELRY, BFOFEMISEREBEN
BN EEHEING CLeRT. BRHEE EBERA
B}, BRBEOEEIBD LN LT,
RERHREES HEEENCEEOEREST
ICI3EE 6.5% OFE Y —FBHOLNTNEDT,
BERETORBEN ZBERIBEAE0THS. £CT,

Lag time (h)
. 12 16 20 24 28 32
° T 'g_}l T T —~
- . “ >
g 10 (': 10 e
> CE 2 s
s E 2 2k
o 4ﬁ’v: g
o " )" "/:/v’ e
[T} L W/ b o
£ o o7 J 1]
c:/,) 10 - //(9 v/ — 10 g
c 3 <X 7 3 o
8 £ JHF .
e - /. / = &
[ ] b ® %/v 1 g’
2 7, % 1.8
O 01 ,.4 1 |/ L1131 1.301
t 12 16 20 24 28 32

Incubation period (h)

Fig. 11. Effect of oxygen concentration on the
growth of A. oryzae RIB 128.
Oxygen concentration: —@—, 209; —O—, 4%;
—x—y 29%; —A—, 1%; —V—, 0.2%. The
curve of oxygen concentration vs time required
for uptake of 1 ml of oxygen is plotted as (@.
The culture conditions are the same as Fig. 6 ex-
cept for oxygen concentration.

Water content after addition was calculated by previous method in
chapter 2 assuming the rice water content of 14.09%.

BIHIC L IS TRETIREEY 2 LIz &
EHERUIOAT, Hlky —FOROLOITHKED Y-
REKED )V BERERAOTEETORBN R BEL
—EIAR > T, KRBT ZOEBEHE . RBY 2@
B0, 0.04, 0.14, 1.0%icB 133 Tio OER, 2hH
Zh18.5, 17.7, 17.1, 17. 1B 50, 0%tk
REBA 253 0. 1% REFAE U HFRRFEVEEINS
TEMbhrb, DT Lid, Yanagita® Hs A. niger
ZRVKEBRERE-FH LTV, ISicEHMICh
To-o THERZRT 3 &, BEDTORBA A BEZEE
LTEIRLILZDT, REN AOMECERLEE~D
FE IOV TRAREBERZHR L THRET L.
RFEERE HEICILEE, 5K 100kg 4
7o RORTER 100 g SER &N S, RikEM 1 g %7
D} 108 EHOSERTFHEEINEDT, HX 1g ¥
D 105 fE, EK 1WA DH2000EsEEINE L
CI83. CORTFEBROWIEEBREE~NOEEY
W, MicRONBX I, BEEELHET LIRS
O OFEHOEMENBIER I N (Fig. 12). Fig. 12 |
DWTHAKIZW 2.5 TH 20T, 0SB
FaERETNIZR 8. 3D lag time DIEHEHH » T
KT R BHS, KERITIZ 4~ 5 BERIOEHE LrE
BINRZVL., Lo LT, BELUCRTFESHENT 2
FER UK ETRELSVESRFROEALEZ S
TeHEEZTHS, HHEICBE LTI LD 3D
S, BEEENSRILSE, A—EBERICELK
B RiCk g 2MICRIBRICE LORFOBOBER X
h3. Fisbb, RTEERDN 5x102g-#y PTT
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8 1216 2024 28 32 36 40

Incubation period (h)
Fig. 12. Influence of inoculum size on the mold
growth.®)

The culture conditions are the same as Fig. 6 ex-
cept for inoculum size.

VHW I EFEMBOMITIE S Z EHRD Shis. KWl
W LTRZOEMBNIFTHh, TOBERKEL
TRUKKDEDIEL L, MEBATERLUREERS ¢
BEENEINTVE. L URNOBE, RN
i 2 RKOBERMRTFERRTH D, KLUKKIP
BT OHNERICINIEAEBRLENT EHEAS
Miiz-7c. Fig 13 ZieFEMR%E 5x 108 5x103,
5x 104/g-#:9 & L, £hEhERRBIRHS 5 ml/g-4
OR S OMONBER (ML E - TV AE42MME 0
SRLEVDYIE TH3. WThE—MkM
HRZBIIERTHZOT, RERITOMBELT
WO GETFEAE 5X10°) TiIELXOhLag~
MU THBRTTHD, REICMEINLTS
 BEEADBELADRATHIRT BRI L
L, EEEEAICBY 3R—EERTHMLU-MO
ERAICONTR, KERRBDSHISh 7.

1. BAXRSOXE?

BFEOW BHIM LICXE Y U A0 HHIME
O EBREELETIRILERD. AL
) KB AOET IKE 72 » THRERNE
T2 BTORENT 5 -ETIRNEL, B
7aFT—¥TRKENCELZEHKLTHS. EESIZ,
MABAORITZ 9 R, 20WBOBXBIICONT
BEXOLERSLERL, FBX LT IMEO
ARG MO SRR Ui MRS

Fig. 13. Influence of inoculum size on aspect of
koji.2®)
The culture conditions are the same as Fig. 6.

Photograph: upper 5 X 103%/g dry matter
middle 5 X 103/g dry matter

lower 5X104/g dry matter

JUBERIEE BRZEME U, {LERID LB
¥ ET 2EERMAMTET, HHEKREBREOREN
{LERAZRH L, RH 3N OKEHE MK
ELTEXEBNUTEOELHB L. WAk
UBREE~OEELHRE SN RS 2O REE
Table 8 {z7R U7z

MMCKEWI DRSS  HMNREEE TR,
ARBEMDLY, EXRSOMMICLE SITOMKT 3.
SIFEOWBR (T1.0) KL TR, AXFOT I/ E
EREH YV LBBNRENELBD, THhOOES
MRIELRE L TN B b5, BAEENER
(Osmaz) 12V vBREAH Y T AMBNREMAL, BX
FOZH o OB VMENEREREL THB T Eh
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Table 8. Effect of added chemical compounds on growth and enzyme activity in kgji production,19

Growth character-

. Quantity of ;.- values Enzyme activities® Enzyme activities?
Addition addition
(per g-dry matter) u  T1.0 Ozmaz o-Amyl Glc APase ACPase DF «-Amyl Glc APase ACPase
Control 0 .0.297 18.4 1.99 792 176 1990 7620 246 1530 408 3960 12600
KcCl 0.05mM 0.301 17.0 2.31 627 205 2190 7100 282 733 587 3830 13800
MgCls v 0.297 17.0 1.87 396 168 2330 6210 221 742 491 4310 14300
CaCl,y Vs 0.297 17.2 1.84 638 169 2280 6250 168 1170 440 3870 12300
NaH:PO4 V4 0.301 17.4 2.35 798 86 2770 6590 208 1480 411 5420 15000
KH:PO,4 V] 0.301 16.8 2.72 654 132 2810 7450 218 404 498 7010 18300
(NH,):HPO,4 v 0.347 17.2 2.29 —_— — - — — 256 396 4290 16100
NHH:PO, 4 0.330 17.0 .2.26 - - - — — 199 342 3610 15500
(NH¢)2CO 4 0.365 16.4 1.96 835 193 1180 5820 305 1580 432 2970 12400
NH,CI Vs 0.365 17.3 1.29 <200 91 1050 3470 80 105 131 1720 9000
NH:NO; 4 0.385 14.2 1.99 866 180 2030 7710 276 1340 386 2750 11400
KNOs V4 0.347 16.8 2.37 —_ - - — — 713 667 4470 15300
NaNOs; 4 0.365 15.6 2.00 587 140 1310 3630 263 —_— = - —
Na-glutamate 7 0.347 14.2 1.98 857 234 1310 5830 210 - - = —
Casamino acid 10 mg 0.385 13.0 2.00 833 161 2070 5860 158 1620 428 2840 12300
FeCls 0.5x10-4mM 0.297 18.2 — 718 156 2120 6240 155 —_ = = —
4 0.5%x10-*mM  0.297 18.4 — 780 167 2170 6510 103 —_ = = —
4 0.5x10-2mM - 0.297 18.0 — 586 175 2220 6220 76 —_ = - —

2 at 10 ml Oz consumption.
b at maximum mycelial growth.

HERTE .

HMMEBREEDBER RROLBD, BLXE
KB AMEOBREEINMEREBTTHY, BRE
H& Oz mar OIEBIFRIII K & U 02 (Table 9), BERTE
HOLEEZ TN CHIERTHYET 2 LR TEEL.
acid protease } acid carboxypeptidase [JIFER & &
CHALTHEINB D, a-amylase & glucoamylase

DOHRPEAREL, MICEHERNRD S LEBbLN 5.
BEREE S AKRSOBFR
carboxypeptidase [JF[BRO & 5 ICEEKHEER L AL
THEEINIOT, BEREERICKETS) VBRES
Y U LHBOIEEFEEIE L 185 8> T HRKS AW
BLIE->TY v, 7Y Y LHMET T 5 &, acid protease
& acid carboxypeptidase FEHEIIIE T3 5. chics

acid protease & acid

Table 9. Correlation coefficient matrix of growth characteristic values and enzyme

activities (n=20).19

Glc

u T1.0 Osmar  a-Amyl APase ACPase DF
U 1.00
T1.0 —0. 97** 1.00
O2maz —0.73%% —0.80%* 1.00
a-Amyl 0.81 —0.01 0.43 1.00
Glc 0.22 —0.53%* 0.53* 0.10 1.00
APase 0.70%% —0,88%% 0, 93%* 0.15 0. 58%* 1.00
ACPase 0.74%% —0,87*% 0, 87%* 0.26 0.66%  0.88%  1.00
DF 0.07 ~0.14 0.07 0.25 0.51% 0.03 0.31 1.00

* r (18,0.05) =0.444
** r (18,0.01)=0.561
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Table 10, Influence of polishing ratio on the mold growth and enzyme activities,19
th character- .oy e .
Sam Polishing i(;Itl;?:Vzralu(:es racter Enzyme activities® Enzyme activities?

ple .
no, Variety ratio (%)

T1.0 Ozmaz a-Amyl Glc APase ACPase DF ¢-Amyl Glc APase ACPase DF

1 Matsumae 95 0.330 15.8 3.11 723
2 V4 85 0.310 16.8 2.15 712
3 V3 75 0.274 17.9 1.63 602
4 V/4 65 0.267 18.0 1.27 368
5  Nihonbare 95 0.343 15.9 2.90 800
6 Vs 85 0.324 17.4 2.01 713
7 V3 75 0.302 18.8 1.60 630
8 V3 65 0.315 18,8 1.52 584
9  Yamadanishiki 95 0.330 16.1 2.88 729
10 V3 8 0.302 17.9 2.10 735
11 V2 75 0.283 18.3 1.67 657
12 Y/ 65 0.292 18.5 1.43 409

3740
3220
3200
2670
3880
3010
238 2620
226 2780
138 4040
178 3580
235 3320
228 1720

7050
6240
7100 337
8150 295
6820 72
6850 246
6370 332
5910 342
8810 105
8130 163
6270 179
7340 122

105
268

1640
1480
1070

641
1420
1480
1450
1340
1510
1480
1390

928

167
225
277
239
117
170

475
448
393

9100
5830
5000
413 4230
370 8920
404 4330
249 2920
350 3670
445 8090
423 4670
421 4380
348 - 3950

21500
22300
15200
13800
21700
17100
13500
12800
21200
15500
14400
12100

584
855
598
512
295
677
491
739
471
460
457
275

& at 10 ml Oz consumption.
b at maximum mycelial growth.

LT, glucoamylase {3 Table 8 OFIMREFERICAH
BNBXIK, ) VEBFINCK - THABEKRES D
OEEMSETT 3. #-T, WRBAVEL 12> TH
ARBRER S ET LT, RKRHER T HM LicEo
glucoamylase {EH: 2 IT—FE TH % (Table 10). ¢
&, INTTHXROBENIKNABD £ /27 B
PREERETE1DEELONTORY, TTTHR
SNIE I CHMOBERNNT YV REEA DL LENTES
RTHEIER,

8. EMERHEETIA UcBBEE %o

Z UK Eic ) 2B OBHEIC logistic 7 WV H5E
AT&, BEOBRKENELEL, T OESBIREIPGE
EOBRKECHATICEZHONC L. Tl v
a—RBFEEE UEEREMINZIZ 1.0 THBDTROK
SREFRHT L, BREBGEEORD D ICHED X
DR REBEEL b > CTHEOEEE T EMNT
x5,

C6H1206+6 O2—»6 CO3 -6 HyO 1674 keal

—RHIERBMEE X Fig. 14 1R X 5 58

T, BEOMMICE DR OBELRERHL, ERT

BLERIDABHETS> SOTHS. FHBEFEHED
12, BE7T » ¥ OEHEEOSREHAEBICHA T S
ERRESRICEH U, {EEEED O REEE ORI
EFRTECENTE S, COEBD OBAFREERE
ICE USRI RS R KICET 20T, C

Fig. 14. Koji-making apparatus with forced aeration.

ORETHET I LILL - TBEIEERKCL, »
DEREOHEEBLICT ST EMTRELIE 5.

9. 8 H b ([

AP TIZ, BBICBY 35S0k O MR
WEATEBNE LT, BLKETORBOREES
feECBREEC R T OBERARE L. %7,
BUSh OBKERER S, RIS b1 S B RIEE
DRMEETE DX AHEEEEE L

BEOHEBEOREBEO—HE LT, EoRBLD
B OELB L O 5, BEFOT 3/ BEIs
T BEANET bNG. MOBENEELTHIZT
L/ BITEORASSIR B BH, HBAMEILY
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KERFICIL B, % T, a-amylase 9 glucoamylase &
#:DE, acid carboxypeptidase {EM: DRV VIEAEE S
HMEESRERINCTONTETEY, ChHOEE
I UCARERIC K D B 2 BEOERIEKRMA T T
&I LEZTVS. 4%, ZLIKHEEOFRILE LI
AbEBREECHEEONE, HAKEOWRRT
ECEHRESD UTHRUTENNUTENTE 2.

Bk, ARROHECHIDIBRETKE L HERE VLY
rRERTFHERRFRFOEAREL, MREARE—19L, B
FrERILE L, M4 TRZERPRIERE, BOURIHD
Wi RN R BB REOMBERT S0
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