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Rice koj1, a solid-state culture of Aspergillus oryzae on steamed rice grains, is used as an en-
zyme source and raw material for sake fermentation, and the quality of koji is regarded as the
most important factor determining the quality of sake. However, the control of solid-state
culture is very difficult compared with submerged culture. In Japanese breweries, the con-
trol of koji making is traditionally done by observing features such as mycelial distribution
and odor. In order to develop an automatic control system for koji making, we first studied
the mycelial growth mode in rice grains from the respiratory activity, using a gas analyzer.
The relationships between the properties of rice grains and the growth mode was studied,
and it was recognized that the growth mode was affected not only by nutritional conditions
and moisture, but also by physical properties like hardness and the shape of rice grains. We
also studied the features and odor of koji in order to apply the traditional method of controll-
ing koji making to a novel automatic control system by means of an expert system, or fuzzy
control system. Moycelial distribution in rice koj: was measured to elucidate the steric growth
mode in the solid-state culture. The mycelial density showed an exponential distribution
against the distance from the surface of rice kgji. On the basis of this phenomenon, mycelial
distribution was expressed by a mathematical model and shown quantitatively. The
mycelial distribution and enzyme composition in rice ko7i made in sake factories were examin-
ed and the relationships between the mycelial distribution and the quality of koji were
studied. The results suggested that when the degree of mycelial penetration is low, the
activities of acid protease and acid carboxypeptidase are high. The volatile compounds
produced by growing A. orpzae on steamed rice during koji making were collected with a
Tenax column and analyzed by GC and GC-MS. Eight kinds of alcohols, three kinds of
aldehydes, five kinds of ketones, and an ester were identified. The production of volatile
compounds was affected by the oxygen concentration, and aldehydes and ketones increased
significantly with a deficiency of oxygen. The production of most of the volatile compounds
was maximum at the middle stage of growth, and decreased thereafter. The tendency of 1-
octen-3-ol was different from other volatile compounds; it increased with the cultivation time
and did not decrease.
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Fig. 1. Apparatus for measurement of the mycelial
growth from respiratory activity. The dehumidifier
and culture vessel were placed in an oven at 36°C.
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Fig. 3. Effect of inoculum size on the growth of A.
oryzae in solid state culture.
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Fig. 4. Relationships between the inoculated spore and
calculated initial mycelial weight. The initial
mycelial weight (mycelial weight at cultivation
time=0) was calculated from the apparent lag time
(T, cultivation time at CO, evolution rate was
10 gmol/g/h) and shown as relative value (Z) to the
standard (inoculum size is 103, Z=1.0) using follow-
ing equation; Z=¢{T~T0); T, is lag time of sample
and T is that of standard; k is specific growth rate.
The data points and solid line show the relative
initial mycelia calculated from the lag time in Fig. 3
using above equation. The relationships between
the inoculated spore (X) and initial mycelia (Z) is
shown as Z=aX?®3, it means that only square root
of inoculated spore acts as effective spore. Dotted
line shows the relationships when all of the inocu-
lated spore acts as effective spore.
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Fig. 5. Features of rice koji with limited inoculum size
(10%g). Under picture is a surface of koji taken by
reflected light and upper picture is a section of kgji
taken by transmitted light. Magnification is X 30.
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Fig. 6. Growth mode of A. orpzae in solid state
culture. Lines: , sample A; ----, sample B;
—-—, sample C; ----, sample D. Sample A is con-

trol (ordinary steamed rice); ample B is limited in
the inoculum size (10%/g); sample C is retrograded
steamed rice, whose texture is hard and mycelial
penetration is inhibited; and sample D is powdered
rice. All of the four samples are equal in nutritional
conditions and moisture.
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Fig. 7. Mineral distribution in rice kgji. Lines: , distribution in koj7; ----, distribution in rice. Steamed

rice was dehydrated by ethanol and fractionated with testing mill. Mineral concentration in fractionated
rice was measured and mineral distribution was calculated. Mineral distribution in koj7 was measured as
same method. Moycelial distribution was measured as in Fig. 9.
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Fig. 8. Features of rice kgji with normal inoculum size
(10%/g).
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Fig. 9. Schematic illustration of the measurement of
mycelial distribution. Mycelial weight was mea-
sured by N-acetyl glucosamine method.® X means
the weight of one thousand granules of whole (X;4)
and fractionated (X,) kgji. The degree of fractiona-
tion was expressed as fraction (1) by I=X,/X,q.
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Fig. 10. Cumulative mycelial weight and mycelial
density curve.

Lines: , cumulative mycelial
weight; ----, mycelial density. Mycelial weight in
a cumulative weight 7, i g of the central partin 1 g
of whole koji, was shown as cumulative mycelial
weight, and average mycelial density in each 5%

fraction was shown as mycelial density.
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Fig. 11. Relationships between the cubic root of
cumulative weight and the logarithm of mycelial
density.
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Fig. 12. Mycelial distributions of the three different
types of koji. The solid line is sample A, the dotted
line is sample B, and the dashed line is sample C.
Moycelial distributions were expressed by the follow-
ing equations. c=4xp.
Sample A: Y, =6.5c[e #%R-09r2r+0.21, Y,=1.6.
Sample B: Y,=19.7 ¢ f e~ 21-3R=nr2gr 4-0.08, Y, = 1.7.
Sample C: Y,=6.2 ¢ f¢~16-3R~0r24r+0.87, Y, =1.6.
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Fig. 13. Enzyme distribution in koji.
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Solid line is sample A and dotted line is sample B. Koji was dehydrated
The enzyme distributions were measured and shown as enzyme
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Table 1. Properties of koji made in sake factories (n=20).
No Item unit mean o max. min.
1 Polishing ratio % 67.9 4.0 73.0 63.0
2 Water in steamed rice % 32.7 3.8 36.1 28.6
3 Water in ko7 product % 28.9 5.2 34.1 24.8
4 Y, mg/g 1.58 0.26 2.08 0.99
5 Y, mg/g 0.14 0.25 0.81 —0.23
6 b — —13.6 4.9 —7.8 —24.8
7 AAase u/g 883 223 1414 550
8 GAase u/g 223 73 308 110
9 APase u/g 2090 343 2818 1625
10 ACPase u/g 6276 1043 8040 4504

Y,: total mycelia, Y;: surface mycelia, b: coefficient of the change of mycelial density. AAase: a-amylase, GAase:
glucoamylase, APase: acid protease, ACPase: acid carboxypeptidase.

Table 2. Correlation matrix.
No. 1 2 3 4 5 6 7 8 9
1
2 .047
3 .270 .4522
4 .4962 119 .380
5 —.391 —.089 —.247 .090
6 .210 —.265 -—.337 —.078 —.265
7 .293 .285 —.124 .050 .093 .242
8 .052 .203 —.018 .015 .157 .029 —.068
9 —.283 .078 214 —.002 .218 —.597> —.4732 .023
10 —.056 —.192 .016 .066 .189 —.400 —.318 —.001 .751®

2 Significant at the 5% level.
b Significant at the 1% level.
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Table 3. Principal component analysis. _
Z, EEASOHOERY Table 312R L. HitBXh
Component 1 2 3 4 5 EESD S LEELALDIIE I ETROTH LA, &
Eigenvalue 2.67 2.05 1.35 1.18 1.01 NIFEABEESHOBEE (BHe6) SHELNEOT
Variable no. Factor loading BREAL LBV DOBETH S EELONE. B1E
1 —.438 610 —.377  .338 .10l BRORRAEC T e 77 — €L IO AL EF v RTF
2 ~.004 .610  .620 —.329 —.008 F—ELIEFFCEH BT D > T, ORI
3 186821 —.086 — 281 —.020 @Az HEEENMLE B TWB I ERRLTL
s am e 53 sm ey P BCBRRANECLT 7T, s
6 — 742 —.994 —.928 093 236 R v _TF L - NN T AEEACH D Ex
7 —.584 125 437 255 —.404  ALTLDHRACERLA LIRS, COBBITHTH
8 .042 085 426 226  .858 Bh, SEEEH LTV iutie bicu K & A RIEE
9 917 .099 —.064 —.021  .016 THHD.
10 .758  .001 —.298  .296  .007
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Fig. 14. Apparatus for collecting the volatile com-
pounds produced by the growing mycelia. A, air
cylinder; B, valve; C, humidifier; D, culture vessel;
E, Tenax-TA; F, exhaust gas analyzer. The
humidifier and culture vessel were placed in an oven
at 36°C.

HEMLFig. 4R LD FEAL, BREOH
AT Fy 7 A%%ERL, ChTHLZHMBERS Y
HAIR= b IT7 4 —HBWEGC-MS THH LI
Fig. 15 H A 7 v 3¥7DO—, Table 4 iI& GC-MS T
FE L8RS O—KREL BT I, £ oS
LR INT\WBZ bbb o,

BXARXSMRRS ORI EEERD
2 bBALIDN, BRIBYEL S L Z ORI

10

| 1

Jul

12

|

B

15

4

L 17

B

5 10
Fig. 15.

15

20 25 (min)

Gas chromatogram of the volatile compounds produced by the growing mycelia. Two hundreds

grams of koji were cultured for 24 h and transferred to the culture vessel. The koj was cultured in the culture
vessel with the air passing at 200 ml/min and the volatile compounds in the exhaust gas were collected.
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Table 4. Volatile compounds found in the vapor from rice koji.
Groups No? Compounds Groups No# Compounds
Alcohols Ethanol Aldehydes 1 Acetaldehyde
9 n-Propyl alcohol i-Butyl aldehyde
10 i-Butyl alcohol i-Valeraldehyde
1 r.z-Buty] alcohol Ketones Acetone
12 i-Amyl alcohol 9.Butanone
13 3-Met-3-buten-1-ol 8 Diacetyl
16 1-Octen-3-ol 14 3-Octanone
17 a-Octanol 15 Acetoin
Ester 4 Ethyl acetate

2 No of peaks in the chromatogram.
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Fig. 16. Effect of oxygen on the production of volatile compounds. Cultured koji was put into the vessel and

volatile compounds were collected by passing air (left side of Fig.) or nitrogen gas (right side) through.
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Fig. 17. Changes in the volatile compounds in the course of koji making. Koji was made in a petri dish and the

volatile compounds at the four stages of kgji making were analyzed.
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Fig. 18. Growth mode of kgji. The respiratory activity

was analyzed by the evolution of carbon dioxide.
Total respiratory activity (R) was divided into two
parts, i.e. respiratory activity concerning the growth
(B); which is proportional to the net growth rate,
and respiratory activity concerning the maintenance
of mycelia (A), which is proportional to the mycelial
weight. They are shown as follows: , Ry ——,
A; ----, B.
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Fig. 19.

Three dimensional graph of the changes in the volatile compounds and the mycelial growth. Symbol

A is the mycelial weight and symbol B is the mycelial growth rate obtained from Fig. 18. Volatile com-
pounds are shown as No. of compounds. The contents of mycelia and volatile compounds are shown as a

relative value.

CHhHEDEELE Y OBLEBO 2T THE L TR
DEISKEZLNA. MAERCIIEFHEND - &
LA TERBSOERENEL, ROMTIFLL
RULhALOXERTHA. T ORHIIER
bR & S IEERIZ T h R D THRER S DER
RIDREINTHI0L BN, B4R
NOOETEBATEOTE hHVEHCELTS. &
DOFFHAD> & 1-octen-3-0l 3 HN LELT 5 0 T K HRE
YBRELZIAELLF aBRREULLONRD. EHFROW
TRBREDOE ZABB LT L. l-octen-3-ol i1t
DR Sy & IR D BB OB bIC X » TERT S
LEDLIhTED,D RN > TEREI EINT
ZOTHWRO= - RBELICYWHEEIEL D LB
TE5. ZYPEOERYBE I ED2 BT ENTE
X, HHBREA X R HIE T AR h 1B
D L.

& » Y (T

BEERBEIRAETEE L Ric b, EBHOMK T3y
BRI R RI DT THMEREEN R DA, &
N KRBT YE D IEFERROEE DS 5\ 2B
BT X - THBEEN R B Z Lie2ehib EBbh

Symbols: ----, 10-fold; —-—, 50-fold of the standard .

5.2 b0&ERYFRT S - LB TEI S A,
WBERYLELTT S LDIISEBR L TThk
b WHETHAS S, C oz sz vz,
WHGE YT\, BB VILEE L TR T2 5 KM
BUERXK (BK) LW RALTE, CoBA»D
D7 7r—FRLELALVEIATHS. T
ot a il U TR R E BRI —BH 5 &L\
5 EHBMIER UL, SERIALOMBEEDL L
TEFAR— P VAT AXBE LIV EEL TS, &
Herie, ¥ NROBENLCHOYEATLIEBECS
ST TECHLTEDL5KT 7o —F2NE
ThHEELZTA.
FREMERARTE I FRETH -0 THS. RELE

REB->HEHER, MERIULDELOKBHEEDOF 4T
B o LT

X S

1) Hesseltine, C. W.: Bioeng., 14, 517-532 (1972).

2) Laukevics, J.J., Aspite, A.F., Viesturs, U.S.,
Tengerdy, R.P.: Biotechnol. Bioeng., 27, 1687~
1690 (1985).

3) Pirt, S.J.: J. Gen. Microbiol., 47, 181-197 (1967).

4) Peters, A.C., Wimpenny, J.W.T., Coombs,
J.P.. J. Gen. Microbiol., 133, 1257-1263 (1987).

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan
19935F 25 BRER O Kb _E TR 127

5) Han, Y.W.: Buotechnol. Bioeng., 30, 672-674 20) Okazaki, N., Sugama, S., Tanaka, T.: J. Ferment.
(1987). Technol., 58, 471-476 (1979).

6) Jurus, A. M., Sunderberg, W.]J.: Appl. Environ.  21) BIEKE : WAEWEFE2, p. 359, LR+ v
Microbuol., 32, 284-287 (1976). £ — (1981).

7) Narahara, H., Koyama, Y., Yoshida, T., Atthasam-  22) #&JIIFE®], Ok : BEH, 80, 67-72 (1985).
punna, P., Taguchi, H.: J. Ferment. Technol., 62,  23) JEHET, H{HE—F, =H ¥, EHITE FE
453-459 (1984). %, ER#M*, EHEZ B, 83, 485-490

8) Gervais, P., Molin, P., Grajek, W., Bensoussan, (1988).

M.: Biotechnol. Bioeng., 31, 457-463 (1988). 24) Ito, K., Kimizuka, A., Okazaki, N., Kobayashi,

9) IEkREtL, FEEA, HPFIHE, RBREHET, S.: J. Ferment. Bioeng., 68, 7-13 (1989).

HE HE, G B B B8 EER, 82, 130- 25) Wildermuth, H.: J. Gen. Microbiol., 60, 43-50
133 (1987). (1970).
10) Trinci, A.P.J.: J. Gen. Microbiol., 81, 225-236  26) #i)lI¥FAER : 82, p. 217, HAREEHS (1986).
(1974). 27) Suzuki, S., Yoneyama, T., Koizumi, T.: J. Fer-
11) Georgiou, G., Shuler, M. L.: Biotechnol. Bioeng., ment. Technol., 58, 171-177 (1980).
28, 405-416 (1986). - 28) Ito, K., Yoshida, K., Ishikawa, T., Kobayashi,
12) Okazaki, N., Fukaya, I., Sugama, S., Tanaka, S.: J. Ferment. Bioeng., 70, 169-172 (1989).
T.: J. Ferment. Technol., 59, 491-500 (1981). 29) Suzuki, S., Yoneyama, T., Koizumi, T., Suzuki,
13) Bajracharya, R., Mudett, R.E.: Biotechnol. M.: J. Ferment. Technol., 55, 167-174 (1977).
Bioeng., 22, 2219-2235 (1980). 30) Tsugita, T., Imai, T., Doi, Y., Kurata, T., Kato,
14) Trinci, A.P.J.: J. Gen. Microbiol., 67, 325-344 H.: Agric. Biol. Chem., 43, 1351-1354 (1979).
(1971). 31) Fincham, J.R.S., Day, P.R., Radford, A.:
15) Steele, G. C., Trinci, A.P.J.: J. Gen. Microbiol., Fungal Genetics, p. 285, University of California
91, 362-368 (1975). - Press, Berkeley and Los Angeles, USA (1979).
16) ERKRZE), MBEA B T3, 60, 151-163 32) Yajima, I., Yanai, T., Nakamura, M., Sakakibara,
(1982). H., Hayashi, K.: Agric. Biol. Chem., 45, 373-377
17) P W, BE B BIEE, IHER: B (1981).
EZtH¥ESKESETE, p. 116 (1989). 33) Kaminski, E., Libbey, L.M., Stawicki, S.,
18) kR —, LAXET, FE &, AHEE: gX Wacowicz, E.: Appl. Microbiol., 24, 721-726
BEEYSALTEH, p. 7 (1990). (1972).
19) Okazaki, N., Sugama, S.: J. Ferment. Technol., 57, 34) Kaminski, E., Stawicki, S., Wacowicz, E.:. Appl.

413-417 (1979).

Microbiol., 27, 1001-1004 (1974).

NI | -El ectronic Library Service



