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ABSTRACT 
Attempts have been made to develop hyper-pigment-producing mutants of Monascus purpureus MTCC 1090 by UV irradiation. 
Harvested spores of M. purpureus were irradiated and LD50 was determined. Out of several mutants, M10c was selected as the most potent. 
Total protein profile of M10c was compared with the prototroph of M. purpureus to confirm its mutant nature. Pigment extraction was 
standardized using different test solvents. The extracted pigment was purified by thin layer chromatography and column chromatography. 
The final yield of red pigment at the laboratory scale was 6.8 g Kg-1. For characterization of the principal compound, spectral analysis 
using UV-Vis, IR and GC-MS were performed. The purified compound was also checked for antimicrobial efficacy and toxicity. The 
purified compound was active against Gram-positive test bacteria, Bacillus sp. and Staphylococcus sp. and found to be non-toxic against 
test Swiss albino mice. 
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INTRODUCTION 
 
The value of a commodity is generally enhanced by the 
addition of color. Commonly used colorants are of synthetic 
nature. Therefore, long-term intake of such compounds is a 
matter of great concern both in terms of physiological and 
environmental aspects (Evans and Wang 1984; Carvalho et 
al. 2003; Babitha et al. 2007; Chatterjee et al. 2009; Li et al. 
2010). As a result, a series of synthetic food colors were 
banned or placed on a red list, e.g., tartrazine was banned in 
Norway and Austria, quinoline yellow in the U.S, brown 
HT in Denmark, Belgium, France, Germany, USA and Nor-
way, etc. (Kapoor 2006). While using synthetic compounds, 
many toxic effluents result from the dyeing process. Thus, 
suitable alternatives that allow for the exploitation of pig-
ment-producing microorganisms are required (Mapari et al. 
2005; Chairote et al. 2008). Several species of microalgae, 
bacteria as well as fungi produce a range of water-soluble 
pigments, but low productivity is the main bottleneck for 
their commercialization. The number of approved colorants 
for the food industry is also limited (Roy et al. 2008). 

Monascus species have been traditionally used in Ori-
ental countries for coloring and preserving a number of fer-
mented foods ranging from red rice wine, red soyabean 
cheese (Patakova et al. 1998; Lin et al. 2008), angkak or 
hongqu (Chinese) or benikoji (Japanese) or red rice. In 
some countries, such colors are used in fish (fish sauce, fish 
paste), bean (bean curd or tofu), milk (yogurt), and wine 
products for preserving and to intensify colors. However, 
red rice is a unique fermented product enriched with amino 
acids like (+) monascumic acid, (-) monascumic acid, tryp-
tophan, etc., antioxidant and pigments vary in concentration 
when fermented with different strains of Monascus (Klimek 
et al. 2009). 

Monascus purpureus, an ascomycetous fungus, is 
known to produce a complex mixture of pigments (Table 1) 
(Kumasaki et al. 1962; Blanc et al. 1994; Zhang 2000; Lin 
et al. 2008; Loret and Morel 2010). Therapeutic properties 

(Hajjaj et al. 2000; Erdogrul and Azirak 2004; Hsu et al. 
2010; Shi and Pan 2010) and relatively high stability with 
respect to pH (2.0-12.0) and temperature (4-110°C) are 
some added features that favor their use as natural colorants 
(Pastrana et al. 1995; Carvalho et al. 2005; Panda et al. 
2007). To overcome the bottleneck of pigment overproduc-
tion by M. purpureus, genetic improvement is supposed to 
be one of the promising approaches as reported for other 
fungi (Wong and Koehler 1981). 

This manuscript deals with the development of a hyper 
pigment-producing mutant of M. purpureus under UV-ir-
radiation, following purification, characterization, and toxi-
city test of the pigment compound. 

 
MATERIALS AND METHODS 
 
Organism used 
 
Monascus purpureus MTCC 1090 was obtained from the Micro-
bial Type Culture Collection, Chandigarh, India and used as parent 
strain for mutagenesis. The strain was maintained on YPSS 
medium at 4°C. 
 
Seed medium 
 
The strain was grown in modified malt-yeast extract medium 
(Mak et al. 1990) comprised of (g L-1) malt extract 2.5, yeast ex-

® 

Table 1 Pigments obtained from Monascus. Sources (see text) 
Pigment name Color Molecular weight (Da) 
Monascorubramine Red 381 
Rubropunctamine Red 353 
Monascorubrine Orange 382 
Rubropunctatine Orange 354 
Ankaflavin Yellow 386 
Monascine Yellow 358 
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tract 1.5, and glucose 5.0. The pH was adjusted to 8.0. Fermenta-
tion was carried out at 32°C in total darkness. 
 
Fermentation 
 
Low grade broken rice was used as the substrate (Wang et al. 
2004). Fermentation was carried out at 32°C in complete darkness 
for 13 days. 
 
Mutagenesis 
 
UV radiation was used as the mutagenic agent. The seed medium 
containing the spores (1 ×108 CFU ml-1) of the parental strain was 
irradiated for varied time periods from 5 to 30 min separately 10 
cm from the UV source (Lim et al. 2000), to determine the LD50 
value. UV exposure was followed by 5 hrs of incubation in the 
dark to avoid photo reactivation. A suitable untreated control was 
maintained. After UV exposure at a determined dose, the plated 
spore suspension (0.1 ml) was incubated at 32°C for 4 days. The 
stable mutants were selected visually based on consistent over-
pigment production up to six generations and maintained. 
 
Mutant establishment 
 
For establishment of the isolate M10c as mutant, total protein pro-
file was done on SDS-PAGE, which was prepared using the buffer 
system of Laemmli (1970), 10% acrylamide separating gel, and 
4% acrylamide stacking gel, containing 0.1% SDS. The calibration 
curve was prepared using BSA as stock solution. Protein sample 
(10-15 μg) dissolved in 1.25% SDS-sample buffer and denatured 
by keeping the sample at 60°C for 15 min prior to loading. The 
sample was compared with standard protein marker (P7702S, New 
England Biolabs) after silver staining. 
 
Extraction and purification 
 
Pigment was extracted using a Soxhlet apparatus with water and 
ethanol separately as eluting solvent. Fermented rice (1 Kg) was 
placed in the Soxhlet apparatus and pigment was extracted with 1 l 
of eluting solvent (five cycles for each loading) and concentrated 
accordingly. 
 
Pigment characterization 
 
1. UV-analysis 
 
UV-analysis was done with a Shimadzu UV-Vis scanning spectro-
photometer (Model No. UV- 2101 PC). 
 
2. Infrared analysis 
 
The sample was kept in a vacuum desiccator over solid KOH for 
48 hrs and then IR-spectral analysis was done by FTIR (Jasco, 
Model No. FT/IR-420). 
 
3. GC-MS 
 
GC-MS analysis was done in a gas chromatograph (Shimadzu, 
Model No. GC-17A) and molecular weight of the compound was 
determined in GC-MS (Shimadzu, Model No. GCMS-QP5050A). 
Column used: DB-225. Gas used-helium at isothermal condition 
(at 210°C) where injection and detector port temperatures were the 
same (250°C). 
  
Antibacterial efficacy 
 
The antibacterial activity was tested both by pour plate and by 
spread plate methods, placing paper discs, containing sample com-
pound (300 μg), in the center of the test plates, incubated for 24 
hrs at 37°C (Roy et al. 2006). 
 
Toxicological assessment 
 
A toxicity test was performed with healthy adult mice (Swiss 
albino strain, average body weight 12.0-14.0 g, obtained from 

local animal suppliers). Mice were acclimatized to laboratory con-
ditions for 5 days at room temperature with 30-70% relative humi-
dity under artificial lighting with a light: dark ratio of 12: 12. For 
each experiment male and female mice were divided randomly 
into six groups with eight individuals in each group (Naidu et al. 
1999). The mice were fed a pigment-mixed basal diet with a gra-
ded dose (0.1, 0.25, 0.5 and 1.0 g Kg-1 day-1) and observed for the 
appearance of any symptoms of toxicity and mortality up to 10 
weeks. The control group was maintained on a basal diet under the 
same conditions. 
 
Statistical analyses 
 
Experiments were performed in triplicate and repeated three times. 
The results presented are mean values of each triplicate. The vari-
ations among data were calculated in terms of standard deviation 
of mean values. For the mutagenesis study, the correlation bet-
ween time of exposure to UV and percentage of survival was cal-
culated. Data of toxicological assessment were subjected to ana-
lysis of variance (ANOVA) using S-PLUS 4.0, MathSoft Inc. P < 
0.05 was considered to be statistically significant. 
 
RESULTS 
 
Mutagenesis 
 
The percentage survival decreased with an increase in UV 
exposure time and reached a maximum within 25 min (Fig. 
1). The increased period of exposure at a distance of 10 cm 
from the UV source and the parent to be mutated was 
directly correlated with the mortality rate. After treating at 
the LD50 dose, 60 over-producing mutants were isolated and 
screened on the basis of their pigment production (Scheme 
1). On the basis of pigment production at the 10th day of 
fermentation, a short list was prepared and two isolates (M5e 
and M10c) were found to be potent. However, on the basis of 
growth characteristics and pigment concentration, isolate 
M10c was selected for further experiments. 
 
Protein profile study 
 
The fungal mat was crushed with silicon dioxide and sus-
pended in PBS buffer to extract the total protein that was 
quantified against BSA (Lowry 1951). SDS-PAGE was cast; 
silver staining revealed differences in banding pattern and 
also in protein intensity that reflected the varied level of 
gene expression (Fig. 2). 
 
Extraction and purification 
 
The concentrated crude was passed through a silica gel 60-
120 mesh column. Hexane, ethylacetate and ethanol sepa-
rately and in different ratios (with increasing polarity index) 
were used as eluting solvents. Finally the target compound 
was eluted with ethanol. Each fraction was collected and 
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Fig. 1 Determination of LD50 dose of spores of Monascus purpureus. 
Values presented as the mean ± SD. A correlation coefficient (r = - 0.956) 
indicating the variance were 91% inversely correlated. 
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was then read on a spectrophotometer (300-700 nm) to 
check its purity. The fraction with the target compound was 
further purified to near homogeneity through TLC (Silica 
gel G). The target band was scraped off, dissolved in etha-
nol and centrifuged at 8000 × g for 30 min, decanted and 
concentrated to obtain the final yield, which was 5.62 g and 
6.80 g Kg-1 for water and ethanol extraction, respectively 
(Scheme 2). 
 

Chemical characterization 
 
1. UV analysis 
 
The purified compound showed �max in ethanol at 595.3 nm. 
 
2. IR analysis 
 
The IR spectrum (Fig. 3) of the compound showed peaks at 
3436 cm-1 (strong band for N-H stretching in secondary 
amide), 2954 cm-1 (C-H stretching in the CH3 group), 2926 
cm-1 and 2859 cm-1 (C-H stretching in –CH2), 1730 cm-1 
(C=O stretching, 5-membered cyclic ketone: �-lactone sys-
tem), 1637 cm-1 (C=C stretching: conjugated double bond 
system) and 1458 cm-1 for unsaturation. 
 
3. GC-MS analysis 
 
GC-MS of the principal compound showed a single band, 
having a retention time of 13.843 min (Fig. 4). MS analyses 
of the compound showed M+ = m/z 375 (Fig. 5). Therefore, 
the molecular weight of the compound is 375 and is a non-
aromatic nitrogenous compound having -CONH, -CH3 and 
-CHO groups (Fig. 6). 
 
 
 
 
 
 

Fermented substrate (1 Kg)

Soxhlet extraction for 5 cycles with 1 L water or ethanol

Fractions collected and concentrated

Scrapped sample

Centrifuged

Purified product 

Loaded to column

Applied for TLC

Eluted in water or ethanol

Evaporated to dryness

Scheme 2 Extraction and purification of the target compound. 

Organism grown on solid medium (MY agar) in Petri dishes

Conidia harvested and suspended in a medium 
containing NaCl (0.9%) and Tween-80 (0.2%)

Plated on malt extract agar plates

Selected colonies transferred to slant

Screened on yield basis

Incubated for 4 days

Conidia (108 CFU ml-1) exposed to UV

Incubated for 4 days at 30oC

Scheme 1 Screening for mutants. 
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Fig. 2 Total protein profile of mutants M5e and M10c along with proto-
troph. Lane 1: Protein marker, molecular weight in kDa (BioLabs, New 
England), Lane 2: MTCC 1090, Lane 3: M5e, Lane 4: M10c. 

Fig. 3 IR spectral analysis of the purified red compound from M10c. 
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Antibacterial activity 
 
To judge its therapeutic property, the antibacterial activity 
of the pigment compound was determined against selected 
test bacteria. It was observed that the purified red fraction 
was active only against Gram-positive bacteria (Table 2). 
 
Toxicological assessment 
 
Feeding trials did not produce any significant symptoms of 
toxicity or mortality either immediately or in the post-feed-
ing period (Table 3). 
 
DISCUSSION 
 
Industrial production of microbial pigments for use as bio-
colorants is considered still at its infant stage (Roy et al. 
2008). Technological limitations are the major bottleneck 
for the commercial exploitation of the source material 
(Chattopadhyay et al. 2008). 

Pigments from Monascus has immense potential for its 
ever-increasing use in food, feed, pharmaceutical and cos-
metic industries (John and Stuart 1991; Babitha et al. 2007; 
Jaivel and Marimuthu 2010). Significant improvement in 
Monascus pigment production, both in submerged and in 
solid state culture has been achieved in the last few decades 
(Su and Huang 1976; Lin and Iizuka 1982; Babitha et al. 
2006). 

Genetic improvement by UV irradiation is one of the 
most promising approaches for increased production of sec-
ondary metabolites by industrially important microorga-
nisms, especially in fungi like Monascus (Wong and Koeh-
ler 1981; Jaivel and Marimuthu 2010). Selection of mutants 
is one of the consolidated ways to get over-producers. 

The working strain could produce a range of pigments 
that was dominated by a red fraction under suitable condi-
tions. The quality of pigments varied notably with initial pH 

of the seed culture. Low initial pH (2.0 – 4.0) supported 
yellow pigmentation, while at higher pH (6.0 – 6.2), the red 
fraction was found to be more pronounced (Chatterjee et al. 
2009). In this study, M. purpureus MTCC 1090 yielded an 
over-producing mutant (M10c) when exposed to UV. To 
avoid photoreactivation, UV-exposed spores were incubated 
in the dark for at least 5 hrs immediately after UV exposure. 
An over-producing mutant of Monascus by UV mutagene-
sis was also reported by Lim et al. (2000). Changes in 
macro- and micromorphology upon mutagenesis was ob-
served (Lin and Suen 1973; Su and Huang 1976; Campoy et 
al. 2006; Jaivel and Marimuthu 2010). Primarily, pigment 
estimation was done spectrophotometrically (�max = 500 
nm), then extracted through a Soxhlet apparatus. Purifica-
tion was done by column chromatography and thin layer 
chromatography, finally the purified product was quantified 
(g Kg-1 substrate). The final yield of the selected mutant 
was 6.80 g Kg-1 and improved 5.8-fold more than the proto-
troph. Pigment production by Monascus was also enhanced 
when co-cultured with Saccharomyces cerevisiae (Ju et al. 
1999). 

Upon mutagenesis, significant improvements in Monas-
cus pigment production might also be linked to increased 
leakage of nucleotide related substances from cells (Lin and 
Izuka 1982; Xu et al. 2009). This presumes that the pig-
ments are excreted as fast as they are synthesized. 

To confirm isolate M10c as a mutant, the total protein 

 
Fig. 4 GLC of the purified red compound from M10c. 

Fig. 6 Chemical structure of the purified red compound from M10c. 

 
Fig. 5 Mass spectrograph of the purified red compound from M10c. 

Table 2 Antibacterial spectra of the purified red fraction from M10c. 
Test bcteria Inhibition zone diameter (mm)a

Bacillus subtilis MTCC 121 24.9 ± 0.07 
Staphylococcus aureus MTCC 737 18.1 ± 0.08 
Escherichia coli MTCC 443 1.4 ± 0.05 
Salmonella typhi MTCC 531 0.8 ± 0.06 

a values presented as mean ± SD 

 

Table 3 Effect of feeding of freeze dried red pigment of Monascus M10c on absolute body weight (g) of female/male albino mice.* 
Duration of feeding (in weeks) Pigment dose 

2 4 6 8 10 
Control 15.0 ± 0.5a 17.2 ± 0.4 a 18.7 ± 0.4 a 20.5 ± 0.4b 21.2 ± 0.5 b 
0.1% 15.2 ± 0.5 a 17.4 ± 0.3 a 18.9 ± 0.3 a 20.2 ± 0.3 b 20.7 ± 0.5 b 
0.25% 15.1 ± 0.5 a 17.1 ± 0.3 a 18.5 ± 0.6 a 19.7 ± 0.4 b 20.9 ± 0.3 b 
0.5% 15.2 ± 0.4 a 17.3 ± 0.3 a 18.8 ± 0.3 a 20.6 ± 0.4 b 22.5 ± 0.3 b 
1.0% 14.8 ± 0.2 a 16.9 ± 0.3 a 18.6 ± 0.5 a 20.7 ± 0.4 b 21.3 ± 0.3 b 

* Values presented as the mean ± SD. Mean values followed by the same letter are not significantly different at 0.05 level. 
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profile was compared against the prototroph by SDS-PAGE 
(Yongsmith et al. 2000; Wang et al. 2004). After silver 
staining, differential nature of the expression of the similar 
protein sub-units was observed; confirming the difference 
in gene product, thereby substantiate the genetic difference 
(Yu et al. 2008). 

Spectral and GC-MS analysis of the principal com-
pound indicate the non-aromatic nature of the purified red 
fraction, having a relative molecular weight of 375. 

While understanding the therapeutic property, the red 
pigment was tested against bacteria and resulted as low 
spectra showing effects only against Gram-positive test bac-
teria. The antibacterial and antimalarial (Martinkova et al. 
1995; Erdogrul and Azirak 2004), antitubercular (Hsu et al. 
2010), anti-diabetic (Shi and Pan 2010), anticholesteromic 
(Hajjaj et al. 2000) and antifungal activities (Jongrungru-
angchok et al. 2004; Panda et al. 2007) of Monascus pig-
ments have been determined. To check its toxicological 
effects, the mice were maintained under a pigment-mixed 
basal diet for 10 weeks in laboratory conditions: no clinical 
signs of toxicity or mortality were found, even after the 
post-feeding period. 

Due to increased human concern and current legislation, 
biotechnological applications of natural pigments are in-
creasing day by day. Thus, the present study is of immense 
importance to this increasing dimension and adds know-
ledge for biotechnological process development for indus-
trial production of pigments. 
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