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ABSTRACT: Several isolates producing the red-pigment were isolated from the Korean and Brazi-
lian soils. The pigment producton by the molds belongs to a genus Monascus was investigated
under the submerged culture. Mutagenesis of Monascus sp. KS 2 as the highest pigment production
by NTG was made to increase pigment production. This mutant was examined to produce red
and yellow pigment with 2.4 and 1.6 times higher than the parental isolates, respectively. The optimal
cultural conditions for the pigment production by this mutant were: pH 6.0 , temperature 30T,
rice powder 5%, and monosodium glutamate 0.15%.
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The mold belonging to a species of Monascus
has been traditionally employed for red wine and
for red soybean cheese in China, Japan and Indo-
nesia as inoculated in the steamed hulled-rice.

Recently, microbial pigment from Monascus sp.
is gradually used for the coloring agent replaced
with synthetic one in the food industry. Numerous
studies have been made on composition and stru-
cture of the constituent molecules of these pigme-
nts, and on the growth of the microoganisms the-
mselves. The molecular structure and chemical
properties of these pigments are figured out (Su,
1983). The main components of pigments are
known as rubropunctatin (Cy;HgzOs-red color)
(Haws et al.,1961), monascorubrin (CyHasOs-red
color) (Kurono et al., 1963), monascin (CyHzOs-
yellow color) (Birch ef al.,1962; Fielding ef al.,
1961), ankaflavin (Cy3H3Os-yellow color) (Man-
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chand et al.,1961), rubropunctamine (CyHzNO,-
purple color), and monascorubramine (Ca;HzNO4-
purple color).

For the production of the pigments, this mold
has been cultivated by the solid culture methods
(shiE5eis et al., 1930), using rice or bread as subs-
trate in fermentation industry. However, the sub-
merged culture methods by Lin (1973) have been
improved extensively. Also there is very limited
information regarding the production of Monascus-
pigment by submerged culture, even using the
wild type. Mutagens and X-ray or fast-neutron ir-
radiation were used to improve the yield of Mo-
nascus-pigment production (Lin ef al., 1973; Su,
1983; Wong et al., 1977).

This studies were subjected to isolate high pig-
ment-producing mutant of Monascus sp.,and to in-
vestigate the optimal cultural conditions for red
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Table 1. List of Type Cultures and strains.

Strains Sources
Monascus anka 30873 * IFO
Monascus araneosus 12152  ** 1AM
Monascus pilosus 4520 IFO
Monascus ruber 9203 IFO

Monascus sp. KS 2

Monascus sp. BS 621
Monascus sp. BS 622
Monascus sp. SUW 11
Monascus sp. SUP 12
Monascus sp. SUG 24
Monascus sp. SUG 25
Monascus sp. SUR 34
Monascus sp. SUR 37

Korean soil

Brazil soil

Brazil soil
Monascus sp. KS 2
Monascus sp. KS 2
Monascus sp. KS 2
Monascus sp. KS 2
Monascus sp. KS 2
Monascus sp. KS 2

* IFO : Institute Fermentation Osaka, Japan
** JAM : Institute Applied Microbiology, Japan

pigment production, and the properties of the pig-
ment produced .

Material and Methods

Microoganisms

Type cultures and isolates used in this paper
were shown in Table I. The isolates for pigment-
producing strain were selected from Korean and
Brazilian soils.

The isolates of Monascus sp. SUW or SUR se-
ries were obtained from KS 2 by NTG treatment,
which would be mentioned later.

Culture media and cultivation

Fermentation medium for pigment production
by submerged culture was composed of rice pow-
der 3%, NaNOQ; 0.15%, MgSO,- 7H;0 0.1%, KH,PO,
0.25%. and pH 6.0 (Lin, 1973). The medium was
autoclaved at 120C for 15 minutes.

YM agar composed of yeast extract 0.3%, malt
extract 0.3%, peptone 0.5%, glucose 1.0%, and agar
2% (pH 6.0) was used for isolation of mutant (Su,
1983). Malt extract agar (MEA) was used for seed
culture, which was composed of 10g peptone, 5g
malt extract, 20g glucose, and 20g agar in one
liter of distilled water.

Twentyfive m/ of culture broth in 250 m/ Elen-
meyer flask were inoculated with a loopfuls of
vegetative mycelia grown on MEA for 6 days at
30C. Fermentation was carried out on a reciprocal
shaker for 5 days cultivation.

Mutagenesis

Monascus sp. KS 2 was cultured at 30C for 7
days on MEA media. The ascospore and conidia
formed were collected and suspended in sterile
distilled water. The suspension was filterd th-
rough cotton filter and sedimented by centrifuga-
tion at 7,000 rpm for 10 minutes. The suspension
was adjusted to about 107 spore per m/ of sterile
distilled water.

N-Methyl-N’-nitro-N-nitrosoguanidine (NTG)
was dissolved in 0.2 M citrate buffer, pH 5.0 and
its concentration was adjusted to 3.0 mg per mi.
Spore suspention was added to NTG solution, and
the mixure was allowed to stand for 90 minutes
without shaking. After NTG treatment the mixure
was centrifuged, supernatant was discared and the
spores was filtered with the strilized water. The
ungerminated spore suspension was plated on YM
agar. The colonies producing high pigment produ-
ction were collected under the naked eyes.

Analysis and extration of Monascus-pigment

The mycelia of cultural broth were harvested
by centrifugation at 7,000 rpm for 15 minutes and
the supernatant was filtered with the filter paper
(Milipore;0.45 pm). After diluting with the distilled
water, the optical density at 400 nm (yellow pig-
ment) and 500 nm (red pigment) of the filtrate
was measured by spectrophotometer (Su, 1983).
The values of absorbance multiplicated by the di-
lution factor are expressed as the amount of ext-
racellular pigment.

The harvested mycelia were washed with the
centrifugation and were mixed with two volumes
of 70% ethanol in 250 m!/ flask, and the flask was
shaken at 30C for one hour in order to extract
the pigment from the mycelia. The extract was
filtered and after proper dilution with 70% ethhol,
the absorbance at 400 nm and 500 nm of the filt-
rate was read again. The values of absorbance
multiplied by dilution factor are expressed as the
amount of intracellular pigment (Su, 1983).
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Table II. The pigment productivity of type culture
and isolates.

Production of Pigment

Strain ODw ODue Sources
Monascus anka 7.40 9.30 IFO
Monascus araneosus 0.62 0.74 1AM
Monascus pilosus 1.03 1.66 IFO
Monascus ruber 0.06 0.16 IFO
Monascus spKS 2 1110 15,60 Korean soil

Monascus sp.BS 621 4.80
Monascus sp.BS 622 5.54

6.90 Brazil soil
7.44 Brazil soil

Determination of the amount of cell yield
The pigment-extracted-cell residues were wei-
ghed after drying at 105C for 3 hr.

Results and Discussion

Pigment Productivity of the Isolates

In screening the microoganisms with high pig-
ment productivity, four strains of type cultures
and three strains isolated from soils were exami-
ned with the pigment productivity in submerged
culture with pigment producing medium. Among
the strains, Monascus sp.KS 2 showed the highest
pigment production (Table II). Hence, this strain
was used for the subsequent experiments. Descri-
ption of Monascus sp. identification will discuss
later.

Isolation of hyperpigment-productive mutants

Six strains, Monascus sp. SUW 11, SUP 12, SUG
24, SUG 25, SUR 34, and SUR 37 were selected
on the basis of pigment productivity from about
12,000 isolates. Poor growth of the mutant caused
by mutagenesis was generally considered as a no-
rmal phenomenon. The growth rate of hyperpro-
ductive mutants SUR 34 and SUR 37 was much
increased compared with that of their parent.

The effect of NTG concentration for the muta-
genesis is quite different from that on other ge-
nera, such as Rhizopus, Aspergillus and others.
The NTG concentration required to produce a 90
% killing rate with the genus Monascus was high,
up to 3.0 mg per m/ for 60 to 90 minutes treat-
ment.

Pigment productivity of the mutants are sum-
marized in Table III. Among mutants, SUR 37
produced large amounts of red-and yellow-colored
substance: maximum absorption was at 500 nm
and 400 nm. The highest yields of red and yellow
pigment were 31.00 of OD at 500 and 27.80 of
DO at 400. Pigment production compared with the
parent strain, Monascus sp. KS 2 was over 24
and 1.6 times more in the red and yellow pigme-
nts, respectively (Fig. 1). Strains SUW 11 and SUP
12 were defective in production of red pigment
in both agar slant and submerged cultures.

Lin & Suen (1973) and Su (1983) described that
the productivities of red and yellow pigments from
the mutants were over 4.9 and 7.0 times for Mo-
nascus sp. S-11, and 2.6 and 1.9 times for M. anka
V-204, repectively, that of the original parent st-

Table TII. Pigment productivity of the mutants derived from Monascus sp. KS 2.

Red pigment Yellow pigment
Strains Productivity Relative productivity Productivity Relative productivity
(0.D.500nm) (%) (0.D.400nm) (%)
Monascus sp.

KS 2 11.10 100 15.60 100
SUW 11 0.19 1.7 048 3.0
SUP 12 0.10 0.9 045 2.8
SUG 24 3.90 35.1 6.30 40.3
SUG 25 . 7.20 64.8 1040 66.6
SUR 34 13.10 118.0 19.70 126.3
SUR 37 26.60 239.6 25.30 162.1
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Fig. 1. Comparison of the pigment productivity bet-
ween Monascus sp. KS 2 as parental strain and mu-
tant SUR 37. m; intracellular pigment, 0; Extracellu-
lar pigment

Table 1V. Effect of temperature on the pigment pro-
duction by Monascus sp. SUR 37.

Tem?%r)ature Red pigment prodution (Q.D.at 500 nm)

Extracellular Intracellular
15 1.20 15.10
30 2.58 19.90
35 1.05° 952
40 0.12 5.15

rain, Also, X-ray and neutron irradiation were
used to induce several mutants of M. purpureus,
which differed from the parental one in pigmenta-
tion and morphology. This fungus also produces
effective antibiotics against Bacillus, Pseudomonas
and Streptococus (Wong, 1977).

The conditions of pigment production by Monas-
cus sp. SUR 37

1) Effect of temperature and pH

Table IV shows the influence of cultivation tem-
perature on pigment production. Cultivation was
carried out on a reciprocal shaker at various tem-
peratures. Although cell growth was not affected,
pigment production was greatly influenced by te-
mperature, and the optimum temperature was 30
T, agreed with the result of Manandhar and Api-
nis (1971). However, pigment production showed
a decrease remarkably at higher temperature than
30T.
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Fig. 2. Effect of the initial pH of the fermentation
media on the pigment production by Monascus sp.
SUR 37. Extracellular pigment(®) and dry cell weight
(Q) were determined by the Methods & Materials
in this experiment.
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Fig. 3. Effect of carbohydrates on the pigment produ-
ction in fermentation media by Monascus sp. SUR
37. Extracellular pigment was measured by Methods
and Materals in this experiment.

Fig. 2 shows the influence of initial pH. of broth
medium on cell growth and pigment production
in a shaking culture. Pigment production was inf-
luenced by initial pH, while growth was not affec-
ted. The highest productivity of pigment was ob-
served at pH 6.0, but at pH higher than 7.0 pig-
ment production was decreased noticeably.
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Fig. 4. Effect of rice powder concentration in fermen-

tation media for the pigment production by Monascus
sp. SUR 37.

2) Effect of the carbon sources

Soluble starch, maltose, and dextrin were found
to be the most suitable substrate for the pigment
production (Fig. 3). As reported by Lin (1973), the
utilization of carbon sources of Monascus sp. sho-
wed similar result that soluble starch showed hi-
gher pigment productivity than monocarbohydrate.
The pigment productivity was increased along
with the increase of the rice powder concentra-
tion, from 1 to 5%, but when it exceed over 5%,
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Table VI. Effect of the concentration of monosodium
glutamate (MSG) on the pigment production by Mo-
nascus sp. SUR 37.

Red Pigment (Absorbance at 500 nm)

MSG D.CW.

(%) (%) Extracellular Intracellular
005 064 043 24.10
010 0.80 0.74 26.20
015 0.85 1.18 30.80
020 0.79 1.62 28.80
030 0.78 2.82 26.90

the productivity was decreased noticeably as
shown in Fig. 4. Thus, the pigment production
with 5% of rice powder showed the highest value.

3) Effect of nitrogen sources

Table V showed the effect of various nitrogen
sources on the pigment production by Monascus
sp. SUR 37. Monosodium glutamate (MSG), yeast
extract, KNO;, NaNO; and casamino acid were
found to be suitable nitrogen sources for pigment
production. Among them, MSG, 0.15% gave the
highest yield of pigment (Table VI).

In the present study, the result of nitrogen sou-
rces utilization was similar to that of the other
studies (Lin, 1973; Su, 1983; Kim et al., 1979; Yo-
shimura et al., 1975). The red pigments were pro-
duced in yeast extract or nitrate media at pH 6.5
and orange pigments were formed in ammonium
sulfate or (NHy),HPO, media, as reported by Ca-
rels and Shepherd (1977). Also, the greater amou-

Table V. Effect of nitrogen sources on the pigment production by Monascus sp. SUR 37.

Red Pigment (O.D. 500nm)

Nitrogen *D.CW Final Color
Sources (%) pH Extracellular Intracellular

NH,NO, 0.96 5.2 0.49 8.30 red

Yeast extract 0.91 41 0.52 20.90 red

KNO, 0.61 7.3 5.03 7.20 red
Casamino acid 0.72 5.6 0.86 10.70 red
(NH,).S0, 0.74 11 042 4.78 orange
NaNO; 0.61 6.7 5.28 12.90 purplish-red
MSG 0.80 6.2 1.64 23.30 red

KNO; 0.79 72 3.95 18.20 purplish-red
(NH,).HPO, 0.86 2.0 0.24 7.09 orange

*D.C.W. represents dry cell weight (g) per 100 m/ of culture broth
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Table VII. Effect of cereal sources on the pigment
production by Monascus sp. SUR 37.

Cereals  DCW Red Pigment (Absorbance at 500 nm)

(3%) (%) Extracellular Intracellular
Corn meal 1.18 3.50 25.40
Potato starch 0.60 173 33.40
Soybean flour 1.96 0.55 2.95
Barley flour 0.94 5.42 20.60
Glutinous rice 0.70 6.92 21.100
Wheat meal (.78 8.75 23.30
Corn starch  0.65 3.08 34.90

Several kinds of cereals were substituted for rice pow-

der.

Table VIII. Effect of amino acid on the pigment pro-
duction by Monascus sp. SUR 37.

Amino acid Red Pigment (Absorbance at 500 nm)
Extracellular Intracellular
Control 4.88 11.70
L-Lysine 0.18 0.59
DL-Serine 212 19.50
L-Methionine 1.00 0.99
L-Glycine 0.61 12.70
L-Alanine 4.67 16.40
L-Arginine 3.50 10.60
L-Glutamic acid 542 4.80
L-Histidine 2.90 3.17
L-Tyrosine 8.75 3.90
DL-Valine 6.64 4.20
L-Cystine 1.46 271
DL-Threonine 20.24 7.60
L-Tryptophan 2.59 3.30
DL-Isoleucine 13.04 7.60
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Fig. 5. Time courses of the pigment production by
Monascus sp. KS 2.

Cultivation was carried out in a rotary shaker at 30C
with the broth medium containing 5% of rice powder,
0.15% of monosodium glutamate, 0.1% of MgSO,. 7H,
0, and 025% of KH.PO, ©O-0O; Extracellular pig-
ment, ®—@®; Intracellular pigment, A-a; pH, a-5;
Dry cell weight

nts of red pigments were formed in the media
containing high level of ammonium nitrate and
low glucose (Wong et al.,1981).

4) Effect of various kind of cereals as carbon
sources

Corn starch, potato starch, and corn meal were
found to be the best carbon sources for the pig-
ment production by strain SUR 37 (Table VID).

5) Effect of Amino acid

The effect of amino acids on the pigment pro-
duction was investigated by Monascus sp. SUR37.

Threonine, isoleucine and tyrosine were found
to be the most effective substrate for the extracel-
lular pigment production, while serine and alanine

Table IX. Effect of pH on soluble Monascus-pigment in water and 70% ethanol.

Solvent oft
3 4 5 6 7 8 9
Water reddish reddish reddish reddish reddish reddish reddish
orange orange orange orange orange orange orange
Ethanol reddish reddish red red purplish purplish purplish
(70%) red red red red red
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for the intracellular pigment production (Table
VII).

In addition to the result, it was found that gly-
cine and arginine were effective substrate for int-
racellular pigment production. This result is good
agree with that of Kim ef al. (1979) and Yoshimura
et al. (1975).

6) Time courses of the pigment production

Fig. 5 shows the time courses of pigment fer-
mentation with broth medium and optimum cultu-
ral conditions in which the initial pH was adjusted
to 6.0. The pigment productivity in broth culture
was increased along with the cell growth, and ma-
ximum pigment production reached a peak at the
four days cultivation. The pH value began to dec-
rease at the early stage of cultivation. When car-
bon source was exhaused, pH commenced to rise
up to about 7.0 correlated with pigment produc-
tion.

After 4 days fermentation, the yeild of red pig-
ment (0.D.500 nm) or yellow pigment (0.D.400
nm) was 31.00 or 27.80, respectively. Most of the
pigment was an intracellular one and its intensity
was about 20-fold that of extracellular pigment.
Monascus pigment has also been considered as
one of the most hopeful pigments which are now
under development.

Properties of the pigment

The pigment was readily soluble in ethanol and
only slightly soluble in water. Table IX shows the
hue of Monascus-pigment in 70% ethanol at va-
rious pH values. Monascus-pigment can provide
color huges ranging from reddish orange (pH 3-
4) to red (pH 5-6) or purplish red (pH 7-9).
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