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Studies on the Browning of Rice-Koji

(V) Enzymatic Formation of r-Dopa as a Precursor of the
Pigment of Browned Rice-Koji

Toshiteru Ohba, Shodo Hara, Seinosuké Sugama, and Hideya Murakami

(Research Institute of Brewing, Tax Administration Agency,
Takinogawa, Kita-ku, Tokyo)

Most rice-koji for sake-brewing is white, but some, from certain strains of Aspergillus
oryzae, turn brown during storage in the air. This browning is sometimes accelerated by
Previously, the authors have reported the extraction and identification of
L-dopa as a precursor of pigment in browned rice-kojz.

This paper described the formation of L-dopa from L-tyrosine by an enzyme obtained
from rice-koji prepared by a certain strain of A. oryzae which always produces brown kojz.
The enzymatic oxidation of L-dopa was studied spectrophotometrically. The reaction proceeded

in three chromophoric phases: the first phase was the formation of red pigment; the second,

wet conditions.

an intermediate purple pigment; and the third, melanin formation.

From these results,

it was concluded that this enzyme is responsible for the browning of rice-koji.
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#¥1lml, pH 6.0, 0.1 M b ABSBEK 3.5ml, BEH
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Fig. 1. Separation of a precursor of the browned
substance by alumina column chromatography.
Flow rate: 1 ml/min. Fraction volume: 10 ml.
After addition of Amow’s reagent, the color density

in each fraction was photometrically measured at
510 mpy.
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Fig. 2. Purification of a precursor of the browned
substance by Dowex 50-X8 (H* form).
Flow rate: 1 ml/min. Fraction volume: 10 ml.
After addition of Folin-Ciocalteu’s reagent, the color
density in each fraction was photometrically meas-
ured at 660 mpy.
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Fig. 3. IR spectra of 3,4-O-benzoyl-N-benzoyl-L-dopa ethyl ester (KBr disks).

A: Authentic.
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Fig. 4. Spectroscopic study of the action of the
enzyme on L-dopa (1).
The time course of the absorbance was observed
after .mixing the enzyme with L-dopa. The ab-
sorbance of 5.0ml of reaction mixture, containing
0.5ml of enzyme solution was measured in a 1.0
cm quartz spectrophotometer cell(control) ; for the
time course measurements, the 5.0 ml reaction
mixture contained 0.5ml of enzyme solution and 1ml
of 0.01% vr-dopa.
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Fig. 5. Spectroscopic study of the action of the enzyme on L-dopa (2).
Experimental conditions were the same as in Fig. 4.
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Table 1. Comparison of degree of browning.

Added
Control enzyme

Rice-koji from RIB 128 Hi —
Rice-koji from RIB 647 — 1t

Polished rice steeped in L-tyrosine _ "

or L-dopa soln.

Polished rice or rice-koji from RIB 647 was
steeped in distilled water and L-tyrosine solution or
L-dopa solution. After being filtered, the enzyme
solution extracted from rice-koji made by strain RIB
128 was added to their residues.

Strain RIB 128 (ATCC 22788) always produces

brown pigment.

Strain RIB647 (ATCC 22787) does not produce

brown pigment under any culture conditions.

Signs: —; white, +; grey, H; pale brown, H;

brown, ##; dark brown, i#; black.

SUBBALE 30 23 OBATINZ 305mp, 480mps ICH D
HEOLSYHBER XN, 60 %Iz 306mp DOBIX
BREBICHDSL, 480mp ORIUIFER L7z, LI
IR OREE LD ICEBERTRAELENTD, &
N & AR H I TERINERL, BERICKISE
rhic Bk e 4 Uk,

3. BEEOHE JEREAMHTLUICANEEE
&K, FovVKEK F—OKBRICRER, BREIC
BEWHED OEBEREERSE, BEELTLERL
7oESR A Table 1 IR U7, BEREEER IO
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Wi
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BMEHOEST2F 0y Y ED F—DERIC DN
T, Kumagai 5!3 @ Escherichia intermedia DHEEE
+3Fuyy -T2/ ~n-)T—%, Sih 5W O
Glioclodium 18D H BT I 7 EE kv Iavit,
ANERYFUAF Bt —T bRV AvR= v
L L-Fuv v 2KB{LLT, bk BTk
T2CEiCk?D L- F—2OERIS@ SN TINS5,
EE SRS IKEBVT, A oryzae ERKICHEIES
S L- F— A 0HEL, A oryzae LD
F— 3R I B 2 2R, KERICBWVT,
BEUXED» CEBONABRERF vy VIEOTVIIN
— o LT BEEREE RL, L-FuoyYho BE
BEFBYETH D L-F— S 2ERT S &b,

ABENKROBEEELTVWEDDLEELONS.

B BER UGS I DN R EBICTE A,

AROBEBEL LT, 73/ hvE=VEIBIKE
DEEINBE A5 /49 VDL BIEBRNBERL |
EFuvUhbFulF—FillkoT F— B & TH
5 =V EAERT 2 BROBERICOSFEMICHEEINT
3. Mason!®1® |I=w ¥ 2 v—AFO Y F—E%R
—ICERAR BT A 7 = VBBERNICER XN 5 RIG
ZNIEFEENTERR U 7o /2R, 282mpd F—/ DK
305mp &
480mp & IKBARE RTHEDLEY F— 7 v —
ADFIICER SN, RICEBRD(ILAHY~EEDD,

ZD%, FHABHOAEBCOYTLERNERTRE

OBENTELLELTNEY, AERICET ZEBEHE
BHROBERE F—/ CfER S BB ADTIR A
7 bz — v OZE{GIE Mason DfEREFELRIC—
L.

Fav Vs F—DER, TS5 F—shox T
= VEERR, KEOREOHBREL SIS, BER
OEPICAEEINTH 2BOBRIKMOBEDRER
AR LTWAEEZ NS, THbb, KEPIKERE
T30 57— EOERICL D KOEERED OB L
7oF oy ICKBEMIERL, F—rehERREh,
* 5= VEEHEL, MHMRE LD BHICIES D
LHEbNhA. EREEXEMOBAR, ABRENELK
W B WDIRERD TN IZDICFay Y5 F—r¥28
AR INT, F— IR RN TOHRELR
WD EHEEL. ABROWEIC DV TIRKER TR
ET 5.
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L Ko BEERNBHETH S L- F— BBE
Y Aspergillus oryzae %¥EEL 7 KHrhiC £E
XNZBRICEDF Y VP OLERINE T EEED
7c.
2. ABEZ F—KfEASE, BREICEARNES
CICARBOBIX R =7 b v DEALERRE U7ciER,
BWEBRA 7=V BERIN.

3. KMOBREOHBMEOKREDL L, RBRVKE
OREOFEETH L, FEBEWRTIC, KERSE
{IBVDTFO 7o DICHKHSIBEL BV b D LHEE L.
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