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Studies on Degrees of Kojic Mycelial Penetration and
Some Characteristics of Kojic Enzymes in Moromi.

Kung-Chul Oh, Tae-Jong Yu and "Tae-Young Kim
Department of Food Technology, Korea University, Seoul 136-100 and

*Agricultuml Sciences Inst., R.D.A. Suweon 440-707, Korea

ABSTRACT: In order to make the koji in which kojic mycelium penetrate deeply, some koji
making conditions were investigated, thereafter kojies were maked on a large scale, and kojic
enzymes in moromi were in vestigated. After 309 of brown rice was polished out, moisture, crude
protein, and crude fat was decreased by 9%, 26% and 26% respectively, and starch value was
increased by 99%. The optimum conditions for the koji in which kojic mycelium penetrate deeply
were found as below. Koji making time was 40 hrs., moisture of a-rice was 409, relative humidity
during the first half of koji making time was 98%, and also the relative humidity during the
second half of koji making thme was 80% and inoculum size was 1.0 X 10* spores/g a«-rice. 23-27%
of a-amylase was inactivated and 35-70%; of that was adhered during the moromi fermentation.
149% of glucoamylase was inactivated and 74-929 of that was adhered during the moromi fermen-
tation. 13-149% of acid protease(pH 3.0) was inactivated and 70-73% of that was adhered during the
moromi fermentation. Remarkable enzymatic differencies in moromi were not found between the
kojies in which kojic mycelium penetrate deeply and not.

KEYWORDS: Kojic mycelium, Moromi fermentation, Glucoam&lasé,. Acid protease.
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ATCC=Z %8 &8 Saccharomyces sake
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4) Protease/7 (pH 3. 0)
I (1962) 9 FEg 2E313} koji 5goll 2
4 50m/E 7hE T Bl 3 E T S
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0.5m/i% 7tsbe] 38CollA 6047/ fEMAIZ & 0.4
M Trichloro-acetic acid(T,C,A) 3miE »l3}o]
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B 100go] 1% NaOH Soln, (pH 5.0 Acetate
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sted oL WS BERMO.R. Bhoich,
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B8 5goll pH 3.0 Mcllvaine Buffers 7} 28
°] 200m/ =HAl & 3 16H % WBslel L e
BERRM o2 RISt MRS 120502 )

TeAER ™

Type Mycelial penetration A sketch
1 Below 2/5 of slice phase
of kojic kernel O
I 2/5-3/5 of slice phase
of kojic kernel o
m Above 3/5 of slice phase
of kojic kernel

Fig.1. Classification of kojic types by degree of
mycelial penetration.
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FATSUERT (BA) #E Model No, 22 ks
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600 rpm e 2 sholer fBgEEe] 30% =% 1Bl
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6. Petri-dish& R /B 8 Fix

R (1979) o] BB S BE s,

A

2
HREE

. Large petridish(cover)

. Filter paper

. Large petridish(bottom)
. Sodium hydroxide soln.
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. a-Rice
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Fig.2. Experimental scale koji making instru-
ment.
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FREKS 15189 JKiEkol 3mER Hox 1BR) &
Wl 7] sted 0, 6kg/cm?e] KHERER 40 KB &
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AR-&-ahod et
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& A3 40Ce EEHEEREAAM 38 BB oL
A2 A4 HoFat B2 Dol gt TS WiEste
2659 Besre Avleke] KkkEse 2 fEREsIa ) (ol
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A7l 3 BHIAE & FERSHE ).

4) BUkel s

EEREY FR 54 100m/H, Tween 80
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Table 1. Relative humidity and sodium hydroxide
soln.

RH(%) Density of sodium hydroxide soln. (wt. %)
100 0
98 2.8
96 5.4
95 6.5
94 7.4
92 9.6
90 11.5
85 15.8
80 19.6

Source: Okazaki, N., Sugama. S.: J. Ferment. Technol,,
57(1979)

Table II. Koji making conditions(Experimental
scale).

Moisture content of «-rice 35%
Incubation temp. 33¢
Inoculum size 1. 0 10*sporesg « -rice
Relative humidity 98%
Incubation time A:30hrs.B:35hrs.C:40hrs

MTFE SirAl A BEstsl
1. koji BAFEMREE a2 oK BF
Petridish /NE 852 FIFISte] koji Bk 23

Rl RS vixe & Hyel Bl HEFEA
o
1) BUERFRT

BUEERol kojiol mlA& S 24 S8
Table 2¢] f&fF2.2 5@ Bl koji REBEE oiF
A=

2) a -Kika

a KAKgrel kojiell wlAe #ES xAlslr 98
Table 29t 2& zAol FKASS 30%, 35%,
40% 2 3ol EEEIS L,

3) BUEtEAR (208F[ LItk) S ABERRE

Btk o] HENRE]L kojiol »lAlE B
371 A KA S BRE sl HEEFTE 208
o FEYNEEC 98% Bt 200%Me HLNEES
80%, 90%, 100%= 3slod TEE3lcl,

4) & T

#HE MO kojiol A& BES 24 9
3 Bkl FAEHREES 80%% Sl MF HiEE
< 1.0X10%g, 1,0x10%g, 1.0X10°/go@ 1}y-of
EEyslo] v aslod T,

DE

Temp, (C)

L I Nl I
10 20 30 40

koji making time (hrs, )

Fig.3. Temp. of kojic rice during large scale koji
making.
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Table III. Proportion of raw materials for pilot scale brewing.

Seed mash 1st addn. 2nd addn. 3rd addn. Total

Total amount of rice (kg) 3.5 7.0 15.0 24.5 50.0

Rice for steaming (kg) 2.5 5.0 1.5 19.5 38.5

Rice for koji (kg) L0 2.0 3.5 5.0 11.5

Water (L) 4.0 9.0 20.0 32.0 65. 0

Moromi temp. (C) 15 15 10 9

8. SABGRREY 30% $BREEL MR kT 9% MEDOS 26%

1) ERre] B °. 96% WbsEdon BREv 9% LHEEIN

10m/el Be! 5.0 kojiol Saccharomyces sake — w3 A B Fo| @AstGEdl A wWd
ATCC No.26421< i, 300CIA 480FH 553 & e 22 23 Aold AT WL+ 30%
%, 90mief kojiFel &A 28 EI Aol ek #E Y A Wl 71elEa

2.5kg, koji 10kg, AKEK 4/ = 90% lactic acid
20miE HrlEte] 10ColA 7H %3y

2) & &

Stainless still &3] 23 stglov, T EA
Fv Table 49} #Fo] dhedc,

3) EEEEH

BREo BEv 10CS ##o7 slgod
ol 15CE Wx o= Hajsloict, = #p
At mEbalod

=
ABiR

SE

mR A ER

1. R¥K 855

A Wl T RSk BREERT Xoket
% FEKE 47 ofrsied w422 Table
FEE = TRIE-2 Table 60l FA8}kaict,

1547
Vel

Table IV. Proximate composition of rice.

2. Petri-dish N BHERE

1) e k& FEFE

sE % mke] KS5E 3.6%0lrh ol &
F % 38, 0%l A 34.4% AT Aot

2) MRME SLEHER

3 o ER %k TR MRTEE 6.9%X10%/golod
ov] 20mesh Mz A4 HeFukg EeA7 & e
3.0x10%/g ololom] 25%o] BkrS A7MEE #e L
0x10°/gel

3. koji BEE HESE Fc BEF

1) $kio] koji AR mlAlE &

HuzgekRe aimel whB koji HESY #{bT Fig.4
o} 7o}, Fig. 40l 2 wiok 20417k kAl o
A E7E 2 koji(ll Type) 7k 0%, 30417k 742t
A 5% AR Aol 4047 AL 26%E F7hH
ok, Z smEsiio] FGEsol oheb Bk ZET

Moisture(%) Crude fat(%) Crude protein (%) Starch value (%)
Brown rice 14. 70 1.89 8.33 68. 86
Polished rice 13. 34 0.08 6.19 75. 22
Table V. Shape of rice kernels.

Perfect Splited Broken Wt. of 1000

Kernels (%) Kernels (%) Kernels (%) Kemels (g)
Brown rice 86. 64 1.37 9.98 6 22.21
Polished rice 62. 15 9.61 28.24 16. 87
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Table VI. Changes of general components during th moromi fermentation.

Day (after Kojic Specific gravity Reducing Acidit Amino Alochol
3rd addn.) types Bé & (sake meter) sugar y acidity (Wt. %)
) B 7.5 7.7 L3 1.1 3.5
A 7.2 7.7 12 1.2 3.5
1 B 4.8 6.1 1.7 1.2 7.1
A 4.8 6.3 L7 1.4 7.1
g B 13 3.5 2.0 1.8 15.6
A 1.4 3.4 19 L9 15.3
5 B (+ 5.4) 3.2 2.0 2.0 17.6
A (+ 6.1) 3.2 2.1 2.3 17.6
18 B (+11.0) 2.1 2.3 2.1 18.7
A (+11.2) 2.0 2.2 5.5 19.2
100 | Zlolzx ot 40meR Llikel= MF7F "45lel koji
o] SWEE ETAIZZ wlFol 4088 Ll A=t
80 ]_,7_5 o},
S e 2) ak kerol koji BAEE vlAE BB
g 60 T~ , ek Aol @& koji #HES) #LE Fig.59% 2
o oh, k&% 25%, 30%, 35%NAE BARZE ¢
5 407 koji(I Type)7t 509 o4 oloixlat Asr 40%oll~
w0 T = £ EREET @2 koji(I Type)7t 30% %At
- 5 40%e14 °F 5% kojirt B} HkishgrA
T 35 40 sheobd BENs) Aol 2 Bibe) A%eR koji
koji making time (hrs, ) E BEse AL AHEA @ush ek ko 40%7F
Fig.4. Changes of kojic types with incubation FrBiEfdo ]E}E_ FoRLEI o},
t;“e'm A 3) WA (20R5R Ligk) S ARERREESL koji H
- ype oji =k ol 2] B
O-0O 11 Type koji BiEsEN ]X] = WE
@®—-@® I Type koji
100 F A 100+ B 100} C 100 D
S
8 O
& 50f 501 50+ 50}
9 i p /\o
s
-
__:_i b e 4 /’4_
30 35 40 30 35 40 30 35 40

koji making time (hrs, )

Fig.5. Changes of kojic types with the moisture content of m-rice.

%.
%.
%.
%.

A: The moisture content of @-rice was 25 wt.
B: The moisture content of @-rice was 30 wt.
C: The moisture content of a-rice was 35 wt.
D: The moisture content of a -rice was 40 wt.

-0 I Type koji
O-O I Type koji
@®—©® 1 Type koji
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100} A 100 B 100f C

O—ouun 0
®
L
[oN)
=

o 50k 50 - 501

£
=4

# L 3 4 /’ %70'/’/?__*?

30 35 40 30 35 40 30 35 40

koji making time (hrs,)

Fig.6. Changes of kojic types with the relative humidity.

A: RH was 80% after 20 hours koji making.
B: RH was 909% after 20 hours koji making.
C: RH was 100% after 20 hours koji making.

Boteeo) BB hE koji HEEEE AREES]
b= Fig. 67t 2tk & EhollA 2085 Litkol
FHERRES MU ol 40 F<k kojirl B
#EE o JiE 208 Mo BEslel Rhiol B
kot EHESE el ne EREel obulte BEE
AR Ak vl g4 20052 BR7F KRRAE hu
ol 4 e #iielmz kel FEel dute
BES Folof debe xiellA ok, Sig%Reol
FRENREETE 90% PAbe g =2 ffoldT Hhel
ZEE vlekslgled RMRES BASES ¢
T ol KEEE o] BRI Wol MEY A&
el °aL doke ng WL TEled RKINE FES)

kTR BT AHENRE 80% mlutelAE
KrrkmE o) Bogkslol BRES 2E o RE#HHEo] o)

eaoen o)k ko] Aule

4o¢i

oli

A KRR

(-0 I Type koji
O-O U Type koji
@@ I Type koji

of FEH Bk £Fol XoAzly] dEolzty BH
Fnd BURTHClE 98% Aol E 80% Ao
BESF obutcha Bt

4) HHERTE

HEf TR dE kojiel TARE RS e
Fig. 79 2}, Fig, 7oA 3o 8i3% 308l M=
M FasfERol 1.0X10° spores/g- a-rice?l ZA-%7} ¥
ARETE e koji(l Type)7b AHgiont BUH 408F
ol = 1.0%10* spores/g a-riceql A7} #AF
AF7L F2 kojill Type)7t Adrt, & Hefggol
B Fo| WA HE 4 FEIT dgot ALA
o2 ZEskA FYS-S FER 1, 0X 10% spores/g

a-riced] 7% HHEECl WT 2ol AF R
FEFNE U EFEVL P 2T ole R
(1979) 3o Azete zbold Xolv Aoz MK

100} D\A 100+ B 100k C
50k i1 50+ 50F D/\
o—
(}f—”c/o .___,_.o—/"
# - : + l — ot '
30 35 40 30 35 40 30 35 40

Fig.7. Changes of kojic types with the inoculum size.

A: 1.0X10? spores were inoculated on g+ a-rice.
B: 1.0x10* spores were inoculated on g+ a-rice.
C: 1.0 X 10° spores were inoculated on g a-rice.

O0-0 I Type koji
O—-O 11 Type koji
@@ III Type koji
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d~0O I Type koji

O—-O 1I Type koji

®-@® 1l Type koji
&l
%
210

< BUMRRIAIE TR BREC] e AL v
2857wl BT Ee] B2 kojid HWHRFE

N

b Zodcte shiont A EERol A& [F—reE i
8191 7) wiitol BEAE zlolo|rh,

4, KB BSEER BE

1) koji®l BAFE AREE

Fig.8% &k #=4] kojie| TARFE AelE
#3 Aoz Mol BESL 0% HHEES L
0X 10* spores/g a-rice® §-Zo] 98% = 1,0X10°
spores/g a-rice®. §Zol ulal 30417kl A Bk
FET SRR 4047 Y] FRiEEE A

ﬁ

o]+ Fig.6 % Fig 79| #Adsls dAsi= Ziﬁi
HEBEEEY] RS AA FEAVIe 2A] kE
>
> 120 0z
i 5
B =
< ¥
|78
o S 504 # S &
& = 2 =
% g
£B Sy
<7 oop o 0o SE
s 15 20 25 30 35 40 ©

koji making time (hrs, )
Fig.9. Changes of amylase during the large scale
koji making.
@®—@® Changes of a-amylase activities by A type
koji making.
(O—-(O Changes of a-amylase activities by B type
koji making.
M- B Changes of glucoamylase activities by A type
koji making.
[O—[1 Changes of glucoamylase activities by B type
koji making.

Changes of kojic types with the some conditions described in Fig.3. and Table 6.

gl = vFarlx] Arke A

2) BER

Fig. 9= 84%% Amylased] #{tLE F&EIL Ao
ok, SRR (15~ 308 ol e lT BfEEC B
29 g-Amylase o] wtedl olv BE T
o] ol 27 WiAREC BUW A3 HRLE
2 APy Aol Z|Qdcin BEiE BMEH
(30~408k i)l = fuF HAEE AL £

—Amylase Hol BWotedl ol T HEHEEl
vk Zof HESGEo] TobE abd HL2 &g AL
HHE 5o 25 AR Aoz BEsth A4
Fig. 9o el Glucoamylaset= B7} A®rth 3,
0~6.0% =3++dl ol& Glucoamylased H:&ol
40C>35C>30Ce &AE Bria & A7) (1964) 9
2usks AA s Zelv),

Fig, 10> Acid protease(pH 3.0)2] L5 &

o

HojFEoh,

o
L

[N~}

=S

(=]
T

(g Tyr./h/0.1g)

Acid-protease activity

20 25 30 35 40
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Fig.12. Changes of m-amylase during the moromi
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@ —® o-Amylase activity of A type koji-moromi.
O—0O a -Amylase activity of B type koji-moromi.
BB 2-Amylase activity of A type koji-moromi
filtrate.

[J—0 a -Amylase activity of B type koji-moromi
filtrate.

X — X Adhesion ratio of a-Amylase in A type koji-
moromi.

A - a Adhesion ratio of a-Amulase in B type koji-
moromi.
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Fig.12. Changes of Glucoamylase activity during
the moromi fermentation.

@ - @® Glucoamylase activity of moromi.

W — W Glucoamylase activity of moromi filtrate.

X — X Adhesion ratio of glucoamylase in moromi.
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Fig.13. Changes of Acid-protease during the mor-
omi fermentation.

@®—@® Acid-protease activity of A type koji-mor-
omi.

O—(O Acid-protease activity of B type koji-mor-
omi.

B — B Acid-protease activity of A type koji-moromi
filtrate.

O—0 Acid-protease activity of B type koji-moromi
filtrate.

X —X Adhesion ratio of acid-protease in A type
koji moromi.

#—a Adhesion ratio of acid-protease in B type
koji moromi.
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