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Abstract

Optimal conditions of producing red pigment by Monascus anka, Nakazawa, ef Sato, IFO 4478
and 6540 were found to be at pH 6.0 and 30C for 10 days. When 3.0% steamed rice and 1.0%
defatted sesame exfracts were used as substrates, the highest production of red pigment was
yielded. Furthermore, mutants such as Monascus anka 4478-27 and 6540-185 induced by N-methyl
-N-nitro-N-nitrosoguanidine (MNNG) treatment were found to produce pigment much more

than parent strains.

Key words: red pigment productivity, Monascus anka, MNNG treatment

Introduction

Monascus sp. has traditionally been used for
making red rice wine and red soy bean cheese in
china. The main components of red pigment are
monoscoflavin®, monoscorubin'®, rubropunct-
atin®, and monascamin'*%. Since Monascus sp. has
begun to be used for the processing foods as red
color additive, the pigment was produced by the
solid medium'® and submerged medium-® using
various substrates. Although the mold were
performed to screen by suitable cultivative medium,
the attempts were not achieved for mass
production. However, Lin'” reported that mutants
of Monascus sp. for pigment production was
effectively by N-methyl-N’-nitro-N-nitrosoguani-
dine (MNNG) treatment.

Lin and Suen® suggested that red koji processing
was improved by mutants of Monascus sp. induced
from an ultraviolet-ray. Mutants induced by
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MNNG treatment produced higher pigment than
parent strains”®!V. But there is very limited
information regarding the production of Monascus
pigment. This paper aims at investigation the
optimal culture conditions for high pigment
production by Monascus sp. and their mutants.

Materials and methods

Microorganisms

Monascus anka, nakazawa, et Sato IFO 4478 and
Monascus anka, Nakazawa, ¢f Sato IFO 6540 were
obtained from Institute of Fermentation, Osaka.

Medium

The strains were maintained 10% glucose, 1.0%
peptone 1.0% potato. 2.0% agar, pH 5.0. Pigment
producing medium contained 3.0-5.0% steamed
rice, 0.15% NaNQ,, 0.19% MgS0,-7H,0, 0.25% KH.
PO, and several kinds of substrates such as
sweet potato and cassava.
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Estimation of pigment

Extraction of red pigment cultured from pigment
producting medium was carried out according to
Tsukioka et al.*V with some modification. Pigment
producing broth with various substrates were
incubated with the solution of 2 X 10° conidial/m/ at
30°C for 8 or 10 days. After incubation, the culture
broth was filtered with filter paper (Toyo paper No.
2) and then washed twice with 80% ethyl alcohol.

Pigment solution was adjusted at pH 4.2 and
extracted with 80% ethyl alcohol on the rotary
shaker for lhr at 60°C. Pigment content produced
from Monascus anka was measured at 500nm. The
pigment productivity of Monascus anka was
expressed optical density per gr of mycelial dry
weight.

Isolation of highly pigment productive mutants

Isolation of mutants induced by MNNG
treatment were conducted to improve the pigment
production according to Hiroi et al‘'® with some
modification. For conidiation of Monascus sp.
medium used contained 10% sucrose, 0.1% KH.
PO, 0.05% MgS0, 7H;0, 0.2% NaNQO;, 0.05% KCl,
0.3% yeast extract and 2.0% agar.

Conidia of Monascus anka were allowed on agar
slant with medium above for 6 days at 30°C, diluted
to about 500 conidia/m/ with sterilized water and
then irradiated with U.V. (100V, 13W) from distance
of 40cm for 3 min. On the basis of diameter and
pigmentation of the giant colony, the mutants
were selected among mutants induced by U.V.
irradiation. For selecting pigment productive
mutants, medium contained 10% sucrose, 1.0%
peptone, 0.1% KH,PO,, 0.05% MgSO, 7TH,0, 0.05%
KCl and 0.3% asparagine, pH 4.5.

MNNG(Aldrich Chemical Co.) was dissolved in 0.
2M citrate buffer, pH 5.0 which adjusted to a
concentration of 18mg/m/. 10m/ MNNG solution
was added to 40m!/ of 3.6mg spore/m!/ and the
mixtures were allowed to stable for 90 min without
shaking. For selection of mutants, the mutants were
allowed to grow with medium above on the rotary

shaker at 30°C for 10 days. These mutants were
selected in comparision with parent strains.

Mycelium dry weight{MDW)

Mycelia were collected on the filter paper and
washed twice with distilled water and then dried in
a vaccum desicator for a couple of days.

Results and discussion

Improvement of culture conditions for high pigment
production
Effect of pH :

The initial pH of the medium for pigment
production was adjusted ranging from 5.0 to 8.0 with
0.1N-hydrochloric acid or 0.1N-sodium hydroxide.
M. anka, 4478 and 6540 were incubated at 30°C for 8
days on the rotary shaker.

Table 1 showed that pigment production was
greatly influenced by initial pH, while growth of
mycelium was not effected. The highest
productivity of pigment was observed at pH 6.0. But
the pigment production noticeably decreased at
lower than pH 6.0 and higher than pH 7.0.

The mycelium of Monascus anka, 4478 yielded 4,
34g dry cell/!, that of Monascus anka, 6540, 2.63g dry
cell/l. These results was in accordance with those
of Lin™",

Toble 1. Effect of the initial pH of the medium on the
high pigment production by M. anka, 4478 and 6540

4478 6540
Final M.D.WPigment Final M.D.WPigment
pH (%) (OD,500nm) pH (%) (OD,500nm)

5 5.81 0.2828 1.5% 6.00 0.3126 1,37
6 65.90 0.3039 2.34 5.96 0.3284 2.63
7 6.54 0.2743 1.27 5.94 (0.3276 0.71
8 6.94 0.2723 0.50 7.49 0.3324 0.50

Both strains were incubated on a rotary shaker [160rpm} at
307C, for 7 days, with the medium containing 3% steamed
rice powder, 0.1% MgSO,-7H,0, 0.2% KH,PO,, 0.15%
NaeNQO;, M.D.W.. Mycelium by weight
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Effect of temperature

Pigment production of Monascus anka, 4478 and
6540 was investigated at the temperature of 26C,
30°C or 34°C on the rotary shaker. As shown in Fig.
1, we found that pigment production was influenced
by the temperatures, and optimal temperature for
pigment production was at 30°C for 10 days. While
both strains were being incubated at 26C, the
amount of pigment production was observed to be
decreasing. In the case of Meonascus anka, 6540,
pigment production decreased markedly at higher
temperature than 30°C.

Effect of substrates

Various substrate such as 3.0% or 5.0% steamed
rice, 3.0% sweet potato, and 3.09% cassava sources
for pigment production for 10 days. Fig. 2 showed
the results of pigment production obtained by
various substrates under individual conditions.
When 3.0% and 5.09 steamed rice were used as
substrates of 4478 and 6540 strains, the most
production of pigment was yielded. Monascus sp.
pigment was produced from other substrate such as
potato and cassava starch‘!?, but the pigment
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Fig. 1. Effects of incubation temperature on the pigment
production by M. onka 4478 and 6540.

Both strains wer incubation on a rotary shaker at 26°C, 30°
C and 34°C for 10 days in the medium containing same as
Table 1

0—0: M. anko, 4478(26°C)
A—NA: M. anka, 4478(30°C)
O—0: M. anko, 4478(34°C)

m— & M. anka, 6540(26°C)
A—A: M. anka, 6540(30°C)
® — @ M. anka, 6540134°C}

production level was slightly low. These results
indicated that substrates of steamed rice were
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Fig. 2. Effects of carbon sources for the pigment productivity by M. anka, 4478 and 6540.

Each symbo!l indicoted the pigment productivity and
mycelium dry weight when strains were incubated ot 30°C
for 10 days in the medium containing carbon sources plus 0.
1% MgSO,-7H,0, 0.15% NaNO, and 0.25% KH,PO,, pHé.0.
O— 0, pigment productivity {3.0% steomed rice addition];

® — @, mycelium dry weight; A—2, pigment productivity
(5.0% steame rice adddition); &A— A, mycelium dry weight;
0-—a, 3.0% sweet potato; 0-— 0, mycelium dry weight; X
— X, pigment productivity (3.0% cassava starchl; Xe-+- X
mycelium dry weight.
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served as susperior carbon sources. We examined
substrate such as barley, wheat and corn, too. They
showed low level of pigment production (data not
shown).

Effect of defatted sesame seed extract

In the preliminary experiments, it was found that
natural nitrogen sources were essential for pigment
productions.

Various concentration (0.2, 0.5, 1.0 or 1.5%) of
defatted sesame seed extract were used as the
substrate of pigment production(Fig. 3). Defatted
sesame seed extract with final concentration of 0.
5% and 1.0% were added to the basal medium
containing 3.0% or 5.0% steamed rice, 0.25% KH,
PO,, 0.19%5 MgSO, 7H,0O. Defatted sesame seed
extracts having 1.0% final concentration which
contained 5.0% steamed rice markedly produced
pigment. Defatted sesame seed extract were proved
to be a suitable substrate for pigment production in
both strains(Fig. 4). Highly pigment producing
mutants; M. anka, 4478-27 and 6540~185 induced by
UV irradiation MNNG treatment. Four mutants
such as 4478-18, 4478-27, 4478-36 and 4478-52
induced from M. anka, 4478. and 6 mutants 6540-27,

M. anka 4478

o
= 03} s}
r €
o 3
® o
z 3

[a]
»
s oAzLO al
£ €
El L.
= E
1% £
EY o_nT“zr

o

° 2 4 [ 8 10

incubation period (day)

wL

,OD 500 nm
[+
Y

Pigment

1 ! 1 1
o] 0.2 0.5 1.0 15

Concentration (%)

Fig. 3. Effects of various concentration of defatted
sesame seed extract on the pigment prouctivity by M.
onka, 4478 ond 6540.

Both strains were incubated at 30°C for 10 days in the
medium containing 3.0% steamed rice powder, 0.1%
MgSO,+7H,0, and 0.2% KH,PO,

O— 0O, M. anka 4478; A— A, M. anka 6540

6540-49, 6540-73, 6540-103, 6540-185 and 6540-230
induced from M. anka, 6540. They were selected
from colonies among about 400 isolates on the basis
of pigment productivity. The mutants were allowed
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Fig. 4. Effects of detatted sesame extract on the pigment productivity by M. anka, 4478 and 6540.

Each symbol indicated the pigment productivity and
mycelium dry weight when strains were incubated in the
medium containing 3.0% or 5.0% steamed rice ond 1.0%
sesame extracts plus 0.1% MgSO,+7H,0, 0.25% KH,PO,, pH
6.0

A — A, pigment productivity {3.0% steamed rice plus 1.0%
sesame extractl; A—A, mycelium dry weight; @—e@,
pigment productivity (5.0% steomed rice plus 1.0% sesame
extract; O — O, mycelium dry weight.
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Fig. 5. Pigment productivities by mutants of M. anko, 4478 and 6540.

These mutents were incubated pigment production containing 3.0% steamed rice, 1.0% sesame extract, 0.1%
MgSO,-7H,0, 0.25% KH,PO, ond thiomine on the rotary shaker at 30°C for 10 days.

® — ®: M. anka, 4478
O—0O: M. anka, 4478-18
®©—@®: M. anka, 4478-27

® —® . M. anka, 6540

to grow in pigment production medium containing
3.0-5.0% steamed rice, 0.5-1.0% defatted sesame
seed extract, 0.1% MgSO, 7H,0, 0.25% KH,PO,,
and thiamine(ug/m/) on the rotary shaker at 30C
for 10 days, and then the amount of pigment
production were measured at 500nm. As shown in
Fig. 4, 4478-27 mutant was yielded the highest
pigment production in comparison with the other 3
mutants. 6540-185 mutant yielded the highest
pigment production among the other mutants.
These experiments were an attempt to check
correlations of the highly pigment productivity of
strains with their morphological features. There
was no significant features which was associated
with pigment-producting mutants. From these
data, in the practical view point, mutants of M.
anka, 4478-27 and 6540-185 has been proved to be a
potent pigment producer in 5.0% steamedrice and 1.
09 sesame extracts cultures in which there seemed
to be much possibility of manufacturing pigment.

O+ C. M. anlo, 4478-36

o — O:. M. anka, 6540-27

®—®: M. anka, 6540-49 A—2N: M. anka, 6540-185
A—A: M onka, 6540-73 X — X: M. anka, 6540-230
A—240 M. anka, 6540-103
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