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Monascus pigments, which are produced by various species of Monascus, often have been used as a 
natural colourant and as traditional natural food additives, especially in southern china, Japan and 
southeastern asia. the limitation of wide using Monascus pigment is attributed to one of its secondary 
metabolites named citrinin. The aim of this study was to investigate the influence of pigment and citrinin 
production via submerged fermentation (smf) and solid-state fermentation (sf) from rice (Oryza sativa 
l.) by Monascus purpureus as3.531. The optimal fermentation temperature and pH were significantly 
different for pigment production through different fermentation mode (35 °c, pH 5.0 for sf and 32 °c, 
pH 5.5 for smf, respectively). adding 2% (w/v) of glycerol in the medium could enhance the pigment 
production. on the optimized condition, although the concentration of citrinin produced by smf (19.02 
ug/g) increased more than 100 times than that by sf (0.018 ug/g), the pigment yield by smf (7.93 u/g/g) 
could be comparable to that by sf (6.63 u/g/g). those indicate us that fermentation mode seems to be 
the primary factor which influence the citrinin yield and secondary factor for pigment production. 
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introduction

The filamentous fungi of the genus Monascus divided into three main species 
(Monascus pilosus, Monascus purpureus and Monascus ruber) belonging to the fam-
ily Monascaceae and class Ascomyceta, which has been used to produce fermented 
products such as fermentation starters, food colorants and medicinal agents in asian 
countries for centuries [9, 10]. 

the main metabolites produced by Monascus are polyketides, which are formed 
by the condensation of one acetylcoa with one or more malonylcoa with a simultane-
ous decarboxylation as in the case of lipidic synthesis [4]. they consist of the pig-
ments, monacolins, and under certain conditions, of a mycotoxin-citrinin. Monascus 
pigments are a group of fungal metabolites called azaphilones which have similar 
molecular structures as well as similar chemical properties. the pigments from the 
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genus Monascus present several applications in food industries, such as in the produc-
tion of chinese sausage, instant noodles and dairy products and also in meat indus-
tries instead of nitritsalts, precursors of nitrasamins [11]. However, the genus 
Monascus is also a toxigenic strain that produces the nephrotoxic and hepatotoxic 
mycotoxin citrinin, which greatly limits the wide application of the Monascus metab-
olites products [2].

considerable contradiction exists in the published works as to the relationship 
between pigment and citrinin yields by Monascus species. Hamdi et al. [6] reported 
that the final pigment yield from Prickly Pear Juice (PPJ) by M. purpureus correlated 
with the transient appearance of ethanol and its consumption, and the levels of etha-
nol accumulated could be controlled by maintaining a low dissolved oxygen concen-
tration [6]. furthermore, in oxygen-limiting conditions, the production of these two 
metabolites (pigment and citrinin) was growth associated, as was the production of 
primary metabolites. In oxygen-excess conditions, the profile of citrinin production 
was typical of a secondary metabolite, since it was produced mostly during the sta-
tionary phase [5]. However, twenty-three M. type cultures representing eight species 
were investigated in type cultures by Hplc to test citrinin producing ability, and 
revealed that the production of citrinin is independent of pigment production by  
M. species [20]. these indicate that both genetic attributes and culture conditions 
influence pigment and citrinin production by M. strains. so it is necessary to evaluate 
the different fermentation modes (SmF and SF) which strongly influence growth and 
metabolite productions in M. purpureus.

this study aimed to evaluate the bioprocess to produce pigment and citrinin from 
rice (Oryza sativa l.) through smf and sf by M. purpureus as3.531. We also deter-
mined the effect of fermentation temperature, pH and adding different carbon source 
on fermentation parameters in laboratory experiment in two fermentation modes. 

matErials and mEtHods

Microorganism and growth conditions

Monascus purpureus as3.531 was a culture collection of our laboratory isolated 
from anka (red mold rice) in china. it was maintained on potato dextrose agar 
(sigma-aldrich, shanghai, china), preserved at 4 °c, and sub-cultured every four 
weeks. a suspension of conidia was obtained by washing the maintained cultures 
with sterile distilled water. the inoculum was obtained by germination from  
M. purpureus AS3.531 conidia suspended in 250 mL baffled flasks containing 100 
ml of culture medium incubated at 30 °c on rotary shaker at 120 rpm for 48 h. the 
inoculum culture medium was yeast malt extract (ym) medium, which contained  
60 g glucose, 20 g peptone, 10 g nano3, 5 g mgso4 ·7H2o and 10 g KH2po4 in  
1 l of distilled water. 
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Fermentation conditions

submerged fermentation
 
dried rice (Oryza sativa L., purchased from Chengdu, China) was ground to a fine 
powder of 80 mesh (pinthong and pattanagul, 2004). before fermentation, 5 g of  
M. purpureus was inoculated to a 250 mL Erlenmeyer flask which contained 95 g 
sterile medium, providing the broth with 8% (w/w) of the initial total reducing sugar. 
the medium contained: rice powder (10 g), peptone (3 g), glucose (2 g), mgso4·7H2o 
(0.5 g), KH2po4 (0.5 g) and distilled water (79 g), which was autoclaved for 20 min 
at 121 °C. The flasks were incubated on rotary shaker at 120 rpm at 28–37 °C for  
10 days. the initial pH of the medium was adjusted to 4.0–6.5 with Hcl or naoH 
and samples were taken every 24 h from each flask. The end of the fermentation was 
defined when there was a decrease in the concentration of biomass and production of 
pigments kept constant.
 
 

solid-state fermentation
 

a total of 25 g dried rice was soaked in distilled water for 24 h. after removal of 
excess water, the soaked rice was autoclaved for 20 min at 121 °C in a flask. Then,  
5 g conidia suspension was inoculated into 95 g of culture medium attained the final 
composed of soaked rice (about 65 g), peptone (3 g), glucose (2 g), mgso4·7H2o 
(0.5 g), KH2po4 (0.5 g) and distilled water in a 250 ml flask, providing the medium 
with 40% (w/w) of initial total reducing sugar and cultivated at 28–37 °c for 10 days.

Quantification of yellow and red pigments 

1 g fermentation broth/medium was extracted with 9 ml (smf) or 49 ml (sf) of 75% 
w/v ethanol at rotary shaker for 20 min at 150 rpm and centrifuged at 7000 rpm for 
5 min. the optical density of the supernatant was measured at 420 nm and 505 nm 
using the 75% w/v ethanol as the reference. the yellow and red pigments produced 
by M. purpureus were expressed in optical density units ua420 and ua505, respec-
tively. the results were expressed as optical density units per gram of liquid/dried 
broth/medium multiplied by a dilution factor. 

Quantification of citrinin

Extraction of citrinin for analysis followed the same method as for pigment extraction 
(section 2.3). the amounts of citrinin in the samples were determined by High 
performance liquid chromatography (Hplc: shimadzu lc-10, shimadzu corp., 



388 Liang Zhang et al.

Acta Biologica Hungarica 64, 2013

Japan) with diode array detection (dad: shimadzu spd m20a co., Kyoto, Japan) 
detector. citrinin was separated using an shimadzu shim-pack Vp-ods c18 column 
(250 mm × 4.6 mm × 5 mm) at 28 °C and flow rate of 1 ml/min with aceto nitrile : meth-
anol : H2o = 70 :10 : 20 as eluent. the uV diode array detection (dad) range was set 
from 200 to 600 nm. pure citrinin was purchased from sigma chemical company. 
all solvents used were Hplc grade and all other reagents used were analytical grade. 
shimadzu lc-solution chromatography station was used for system control, data 
collection and analysis. concentrations were calculated by means of standard curves 
relating individual concentration to peak area. Every experiment was conducted in 
triplicate.

Quantification of biomass and sugars

Total biomass was quantified by measuring the N-acetylglucosamine released by acid 
hydrolysis of the chitin present in the M. purpureus cell walls [14, 17]. Each sample 
(0.5 g of dry culture medium) was weighed in an analytical scale and mixed with  
1 ml of concentrated H2so4. acetyl acetone reagent (1 ml) was added to the mix-
ture, which was then placed in a boiling water bath for 20 min. after cooling, 6 ml 
of ethanol was added, followed by 1 ml of Ehrlich reagent (sigma-aldrich, 
milwaukee, Wi, usa) and incubated at 65 °c for 10 min. after cooling to room 
temperature, optical density (od) was measured at 530 nm against the reagent blank 
using n-acetylglucosamine (sigma-aldrich) as the external standard [18].

the reducing sugar in the medium was estimated in the supernatant after centrifu-
gation by the dns (3,5-dinitro salicylic acid) method, using glucose as standard. 
total reducing sugar was assayed by the same method after acid hydrolysis (6 m Hcl 
for 120 min at 100 °c). the amounts of monosaccharide in the liquid samples were 
determined by High performance liquid chromatography (Waters 2795, Waters 
corp., usa) with Evaporative light-scattering detector (all-tech Elsd 2000, all-
tech., corp., ca). glucose, xylose, galactose, arabinose and fructose were separated 
using an Aminex HPX-87-Pb column (Bio-Rad, Hercules, USA) at 80 °C and flow 
rate of 0.6 ml/min with distilled water as eluent. nitrogen gas was used as carrier at 
the pressure of 3.2 bar and draft temperature was 110 °c for the Elsd detector.

calculations

pigment yields over total initial total reduction from rice (y1), total pigment produc-
tion (y2) and average pigment productivity rate (y3) were calculated according to  
Eqs (1), (2) and (3).

y1 = total pigment produced in fermentation/initial total reduction
 sugar from rice using in fermentation (1)
 y2 = yellow pigment (ua420) + red pigment (ua505) (2)
 y3 = total pigment produced in fermentation/fermentation time (10 days) (3)
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rEsults and discussion

Effect of temperature on pigment production by SmF and SF

temperature is one of the most critical factors in sf and smf of pigment, and also 
affects the citrinin production, because it influences metabolic activities and micro-
bial growth. As shown in Table 1, for both SF and SmF, there was a significant dif-
ference among the fermentation temperatures tested (28 °c, 30 °c, 32 °c, 35 °c and 
37 °c) regarding kinetic parameters in pigment and citrinin production. the maxi-
mum pigment production (201.3 ± 3.32 u/g), average pigment production rate 
(20.13 ± 0.332 u/g/d), and pigment yield (5.033 ± 0.083 u/g/g) were obtained with a 
temperature of 35 °c for sf from 40% (w/w) of initial total reducing sugar, which 
were significantly different with a temperature of 32 °C for SmF from 8% (w/w) of 
rice at (56.5 ± 2.44 u/g, 5.65 ± 0.244 u/g/d and 7.063 ± 0.031 u/g/g, respectively). 
submerged techniques for Monascus pigment production have been studied to mini-
mize the problems of space, scale and process control [6, 19]. the traditional process 
of pigment production is held in a solid culture [1]. from the environmental point of 
view, the advantage of SF is related to the lower volume of effluent produced and the 
possibility of conducting the process under non-sterile conditions. However, the 
application of SF in industrial processes was held back due to difficulties in monitor-
ing and controlling the different process variables involved. While in smf the 
medium can be considered homogenous, in sf, there are several humidity and tem-
perature gradients which can negatively affect the production of metabolites. 
although the initial carbon source concentration of sf differed by 50 times from 
smf, the results of the experiments shown in table 1 clearly emphasize that the smf 
is advantageous in comparison with the sf concerning pigment yield, which strongly 
influences the economy of industrial pigment production. An innovation method was 
reported which separated the strain growth phase and lovastatin production phase by 
shifting the cultivation temperature from 30 to 23 °c. under that condition, lovastatin 

 
Table 1

Effect of fermentation temperature on pigment and citrinin production

fermentation temperature 28 °c 30 °c 32 °c 35 °c 37 °c

sf yellow pigment (u/g) 51.4 ± 0.21 61.8 ± 0.82 64.8 ± 2.15 89.1 ± 2.11 85.9 ± 2.23

red pigment (u/g) 55.8 ± 0.17 65.3 ± 0.31 71.7 ± 2.82 112.2 ± 2.21 106.5 ± 2.17

total pigment (u/g) 107.2 ± 0.38 127.1 ± 1.13 136.5 ± 4.97 201.3 ± 3.32 192.4 ± 4.4

citrinin (ug/g) 0.006 ± 0.0008 0.029 ± 0.002 0.026 ± 0.002 0.031 ± 0.003 0.028 ± 0.002

smf yellow pigment (u/g) 8.7 ± 0.47 9.8 ± 0.49 23.8 ± 1.21 9.1 ± 0.32 3.8 ± 0.13

red pigment (u/g) 12.4 ± 0.14 13.6 ± 0.36 32.7 ± 1.23 12.6 ± 0.56 7.4 ± 0.22

total pigment (u/g) 21.1 ± 0.62 23.4 ± 0.85 56.5 ± 2.44 21.7 ± 0.88 11.2 ± 0.35

citrinin (ug/g) 0.4 ± 0.02 7.6 ± 0.21 15.7 ± 0.63 11.2 ± 0.41 7.4 ± 0.82
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production increased nearly 20 times compared with the temperature-constant culti-
vation method. in addition, citrinin was not produced even in the lovastatin produc-
tion phase, although the pigment was increased by selected Monascus pilosus 
nbrc4520 [12].

Effect of consistent fermentation pH on pigment production 
by smF and sF

the fermentation temperature we used in the pH experiment was 35 °c for sf and  
32 °c for smf, according to the above research. fermentation pH of medium is one 
of the most important factors which affects products synthesis and microbes meta-
bolic activity. M. purpureus pigment and citrinin production were determined at 
different fermentation pH levels. it is reported that a lower substrate pH promotes 
synthesis of yellow pigments, whereas a higher pH results in red pigments [21]. by 
contrary, as seen in table 2, our studies showed that the M. purpureus as3.531 
metabolised more red pigment when pH was lower than 5.5 and when pH was 
higher than 5.5, yellow pigment became the main product in sf. the pH of maxi-
mum pigment production was between 5.0 and 5.5 for both sf (229 ± 4.05 u/g) and 
smf (51.3 ± 1.95 u/g) mode, which is in accordance with the previous literatures 
[16, 18]. no matter what kind of pigment in which production of different pH of 
fermentation, the variation range of pigment production in sf is much smaller than 
that in smf. along with the fermentation pH increased from the best for pigment 
production (pH 5.0 for sf and pH 5.5 for smf) to 6.5, the total pigment decreased 
almost 36.81% for sf and 65.50% for smf. although there are so many papers 
which investigated the pigment and citrinin production in devise of initial pH, to our 
knowledge this is the first time report on pigment and citrinin production in consist-
ent pH during fermentation by M. purpureus.

 
Table 2

Effect of fermentation pH on pigment and citrinin production

fermentation pH 4.5 5.0 5.5 6.0 6.5

sf yellow pigment (u/g) 80.2 ± 1.73 107.5 ± 2.13 91.4 ± 1.14 93.5 ± 1.68 77.6 ± 1.91

red pigment (u/g) 92.4 ± 2.14 121.5 ± 1.92 102.7 ± 2.54 82.7 ± 0.93 67.1 ± 1.14

total pigment (u/g) 172.6 ± 3.87 229 ± 4.05 194.1 ± 3.68 176.2 ± 2.61 144.7 ± 3.05

citrinin (ug/g) 0.049 ± 0.002 0.053 ± 0.002 0.023 ± 0.001 0.019 ± 0.001 0.029 ± 0.001

smf yellow pigment (u/g) 7.9 ± 0.33 12.4 ± 0.39 21.2 ± 0.43 16.2 ± 0.61 7.1 ± 0.17

red pigment (u/g) 9.7 ± 0.14 16.7 ± 0.56 30.1 ± 1.52 25.3 ± 1.01 10.6 ± 0.33

total pigment (u/g) 17.6 ± 0.47 29.1 ± 0.95 51.3 ± 1.95 41.5 ± 1.62 17.7 ± 0.50

citrinin (ug/g) 10.2 ± 0.26 11.1 ± 0.24 19.89 ± 0.93 17.8 ± 0.73 16.4 ± 0.59
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Effect of added different carbon source on pigment  
and citrinin production by smF and sF

it is reported that species of Monascus produce pigments in the following substrates: 
glucose, cellobiose, maltose and fructose, but do not produce this pigment in 
sucrose [8]. However, as shown in figure 1, the maximum pigment production was 
257.91 u/g (sf) and 67.41 u/g (smf) with the substrate adding 2% (w/v) of glyc-
erol from 40% (sf) and 8% (smf) of initial total reducing sugar. recently, a similar 
report has also been published by meinicke et al. [13], who evaluated glycerol as 
substrate for pigment production by employing factorial design and response surface 
techniques in submerged fermentation. the greatest production of pigments was 7.38 
ua480, with a productivity of 0.058 ua480 h–1, and 8.44 g/l of biomass from the 
cultures with 5 g/l of monosodium glutamate and 20 g/l of glycerol concentrations 
[13]. the assessment of the biomass formed is very important because the production 
of red pigments is linked to growth [8]. Dufossė et al. reported that glucose is the 
most used and studied substrate as it provides greater efficiency and production of 
pigments and biomass [4]. in our research, the greatest biomass production was both 
in sf (12.15 g/l) and smf (7.12 g/l) with the culture adding 2% (w/v) of glucose.

Typical batch-mode fermentations of m. purpureus by sF and smF

typical batch-mode fermentations were carried out by smf mode and sf mode, and 
time-course of M. purpureus was shown in figure 2. during the smf and sf experi-
ment, the rate of hydrolysis by was higher than the rate of reducing sugar consump-
tion by the M. strains in first 3 days. Furthermore, after 10 days of cultivation period, 
no further glucose, galactose, arabinose and fructose accumulation were detected by 
Hplc and the reducing sugar concentrations in the reaction mixtures were 3.1% 
(smf; w/w) and 22 % (sf; w/w). there was no pigment production observed until 

Fig. 1. pigment and citrinin yield of M. purpureus in sf and smf by adding different carbon source 
(glucose, sucrose, glycerol, lacrose)
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the 10th day of fermentation in both sf and smf medium. as shown in fig. 2, after 
10 days of fermentation, the pigment obtained from rice was 115.19 ua420, 144.75 
ua505 by sf and 25.23 ua420, 43.18 ua505 by smf. in previous reports sf emerged 
as an effective alternative for liquid, culture-based fermentation technology, espe-
cially for filamentous fungi such as the genus of Monascus [1]. the solid substrates 
not only supplies the nutrients to the microbial culture growing in it, but also serves 
as an anchorage for the cells [3]. on the other hand, this result has been attributed to 
the de-repression of pigment synthesis in solid fermentation due to the diffusion of 
intracellular pigments into the surrounding solid matrix. in submerged culture, the 
pigments normally remain in the mycelium due to their low solubility in the usually 
acidic medium [3]. from our present study, it seems not completely right. although 

Fig. 2. (a) solid state fermentation (10 days incubation at 35 °c with 40% (w/w) of  initial total reducing 
sugar. (b) submerge fermentation (10 days incubation at 32 °c with 8% (w/w) of initial total reducing 

sugar
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the concentration of citrinin produced by sf (19.02 ug/g) increased more than 100 
times than that by sf (0.018 ug/g), the pigment yield by smf (7.93 u/g/g) could be 
comparable to that by sf (6.63 u/g/g). it is revealed that the production of citrinin is 
independent of pigment production by Monascus species by Wang et. al. [20], who 
found twenty-three Monascus type cultures representing eight species produce cit-
rinin in yEs (yeast extract sucrose) medium in quantities varying from 65 to 480 
mg/l [20]. However, citrinin-free DpkscT mutants which maintained the same level 
of pigments yield in liquid culture were constructed by the successful disruption of 
the polyketide synthase gene pkscT in M. purpureus sm001 through the Agrobacterium 
tumefaciens-mediated transformation [7]. above result and previous literature data 
remind us to have a new judgment for which fermentation mode (sf or smf) was 
suitable for pigment production.

conclusions

based on the results, it is be concluded that fermentation mode is a primary factor for 
the citrinin production, though fermentation temperature, pH and adding different 
carbon source could also influence it. This research also showed that the pigment 
yield by smf could be comparable to that by sf, indicating that always paying atten-
tion only to the sf for pigment production seems to be not appropriate enough.
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