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Ammonium nitrate regulated the color 
characteristic changes of pigments in Monascus 
purpureus M9
Di Chen1*  , Yurong Wang2, Mianhua Chen2, Pei Fan1, Guiling Li1 and Changlu Wang2*

Abstract 

Monascus pigments (MPs) with different color characteristics, produced by submerged fermentation of Monascus pur-
pureus M9, have potential application in food industry. In the present study, the effects and regulatory mechanisms of 
ammonium nitrate (AN) on the color characteristics of MPs were investigated. The concentration of intracellular pig-
ments was significantly decreased when subjected to AN. The hue and lightness value indicated AN altered the total 
pigments appearance from original red to orange. The HPLC analysis for six major components of MPs showed that 
the production of rubropunctatin or monascorubrin, was significantly reduced to the undetectable level, whereas the 
yields of monascin, ankaflavin, rubropunctamine and monascorubramine, were apparently increased with AN sup-
plement. To be noted, via real-time quantitative PCR strategy, the expression level of mppG, closely relative to orange 
pigments biosynthesis, was significantly down-regulated. However, the expression of mppE, involved in yellow pig-
ments pathway, was up-regulated. Moreover, the broth pH value was dropped to 2.5–3.5 in the fermentation process 
resulted from AN treatment, along with the increased extracellular polysaccharide biosynthesis. Taken together, the 
change of MPs categories and amounts by AN might be the driving force for the color characteristics variation in M. 
purpureus M9. The present study provided useful data for producing MPs with different compositions and modified 
color characteristics.
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Introduction
Color pigments are widely used in food industry to 
restore color lost in processing or to improve the 
appearance of a product. The current trend is to 
replace artificial colorants with natural equivalents. 
The commonly used natural pigments include red 
pigments (cochineal, monascus) (Calvo and Salva-
dor 2002), yellow (curcumin) (Upadhyaya et  al. 2015), 
and green (chlorophyll) (Luo et al. 2019), in which the 

microorganisms-produced pigments possess a series 
of clear-cut advantages. For instance, they have good 
qualities for harvest, and are available for large-scale 
production, as well as are not subject to the vagar-
ies of nature (Sen et  al. 2019). Monascus pigments 
(MPs), the important secondary metabolites of Monas-
cus, have been used as food colorants for thousands 
of years in East Asian (Chen et  al. 2015; Feng et  al. 
2012). The annual production of MPs is estimated to 
be nearly 20,000 tons in China, and the market demand 
nationwide for MPs increases progressively with years 
(the annual growth rate is 5–10%) (Yang et  al. 2015). 
Researches indicate MPs could exhibit several bio-
logical activities, such as anti-inflammation (Hsu et al. 
2012), anti-cancer (Su et  al. 2005), anti-microbe (Kim 
et  al. 2006), and anti-obesity (Kim et  al. 2007). There-
fore, more than food colorants, MPs have potentials 
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to the pharmaceutical, cosmetics, dyeing cotton and 
leather industries (Lin et  al. 2017; Velmurugan et  al. 
2009). Currently, the major MPs products appear to be 
red or deep red, which in turn limits their applications. 
The rapid development of food industry, however, 
requires various color characteristics of pigments.

MPs are a complex mixture of compounds with a 
common azaphilone skeleton. They are mainly com-
posed of yellow, orange and red pigments. Up to date, 
more than 90 MP members have been identified, which 
include 44 yellow, 8 orange and 42 red pigments based 
on recent reports (Chen et  al. 2017; Patakova 2013). 
Among those the top six well-known pigments were 
2 yellow (monascin and ankaflavin), 2 orange (rubro-
punctatin and monascorubrin), and 2 red (rubro-
punctamine and monascorubramine) (Jůzlová et  al. 
1996). Thus to find simple approaches to produce MPs 
with diversiform color characteristics will be greatly 
beneficial to the amelioration of their economic value.

It has been consistently shown that selective nitro-
gen sources largely influence the composition of MPs. 
Some studies showed that the red MPs production is 
significantly suppressed under nitrogen limitation (Lin 
et  al. 2007). To be noted, red or orange pigments can 
be formed when yeast extract/nitrate or ammonium 
salt is supplemented, respectively (Carels and Shepherd 
1977). Also others suggested that ammonium sulfate 
contributes to the formation of red pigments with a 
small amount of yellow ones. In contrast, peptone pro-
motes the biogenesis of yellow pigments with a few red 
counterparts (Chen and Johns 1993; Shi et al. 2015). In 
our previous study, we found ammonium nitrate (AN) 
greatly inhibits the biosynthesis of citrinin, the nephro-
toxic and hepatotoxic mycotoxin produced along with 
MPs. Interestingly, the fermentation broth are demon-
strated the changed colors when AN is added (Chen 
et  al. 2016). However, the underlying mechanisms for 
AN regulating color transformation are still unclear, 
and the accurate detection for individual pigment con-
centration is rarely reported.

Hence, to fully elucidate the role of AN in MPs bio-
synthesis, the color characteristics and composition of 
MPs were systematically analyzed by spectrophotom-
etry, colorimetry and HPLC strategies in this study, 
followed by detection for cell growth and pH of fermen-
tation broth, as well as exoploysaccharide excretion. 
The primary molecular mechanism of pigment biosyn-
thesis, reflected by the expression of several key genes, 
was also compared by RT-qPCR in transcriptional level. 
Our data, for the first time, disclose the regulatory 
mechanisms of AN in the color characteristic changes 
of MPs, which are useful to produce multiple MPs in 
different forms and usages.

Materials and methods
Microorganism and culture conditions
Monascus purpureus M9 (strain NO. CGMCC 3.19586) 
was maintained on malt extract agar (MA) slants with 
a sugar content of 10°Bx at 4  °C. Strain M9 was culti-
vated on MA slant at 28  °C for 7  days. After that the 
slant was washed with 3 mL distilled water, followed by 
being transferred to the culture medium (glucose, 60 g/L; 
peptone, 20  g/L; KH2PO4, 10  g/L, NaNO3, 10  g/L, and 
MgSO4, 5  g/L; pH 4.5). The inoculum was incubated in 
250 mL flask containing 100 mL of the culture medium 
for 36 h in a rotary HZQ-C shaker (HDL, Harbin, China) 
at 180 rpm and 28 °C. Spore suspension was obtained by 
filtering the aforementioned inoculum with 8-layer ster-
ile gauze. The concentration of spore suspension was 
adjusted to 106 spores/mL.

For pigment fermentation, 3  mL of spore suspension 
was inoculated into 50  mL of rice medium in 250  mL 
flask. Cultures were incubated at 30 °C and 180 rpm for 
7 days. The fermentation culture medium was composed 
of rice powder, 50  g/L; KH2PO4, 1.5  g/L; NaNO3, 3  g/L 
and MgSO4∙7H2O, 1 g/L. The added NH4NO3 was at the 
concentration of 10 g/L, which was optimized in previous 
study (Chen et al. 2016).

Measurement of biomass and pH
Biomass from fermentation broth was determined by dry 
mycelium weight (DMW). The mycelium were filtered 
from the culture broth, and then washed 3 times with 
distilled water. Dried at 60  °C in the oven to a constant 
weight, the dry mycelium was collected. The pH value of 
fermentation broth was determined by EF28 pH meter 
(Mettler-Toledo, Zurich, Switzerland).

Preparation of MPs
Dry mycelium was ground thoroughly, then the powder 
of 0.5  g was transferred into a 10  mL centrifuge tube, 
with the addition of 75% ethanol of 3 mL. Pigments were 
extracted via incubating in an ultrasonic bath for 30 min 
and then centrifuged at 2862×g for 10 min. The experi-
ment was in triplicate. All supernatant was merged and 
used to pigments detection.

UV–VIS spectrophotometric analysis of MPs
The concentration of pigments was determined by a 
Cary-3500 UV/VIS spectrophotometer (Agilent, Califor-
nia, USA) in a range from 380 to 600 nm at 1-nm inter-
vals. The absorbance units (AU) at specific wavelengths 
(410, 470 and 510 nm) were used as an index of the intra-
cellular yellow, orange, and red pigments concentration. 
One unit of optical density corresponded to 1 U of color 
value:
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where A is the absorbance of the pigment extract at spe-
cific wavelengths, V is the total volume (10  mL) of pig-
ments extract, and m is the dry cell weight (0.5  g) of 
mycelia used for pigment extraction.

Colorimetric analysis of MPs
The color characteristics of pigments were analyzed by a 
CR-300 colorimeter (Minolta, Osaka, Japan) using pig-
ments extract, of which the absorbance was adjusted to 
the range of 1.0–2.0. The CIELAB color space parameters 
reflect color features. L* indicates lightness from 0 (black) 
to 100 (white). Positives and negatives in a* represent red 
and green, respectively, whereas positives and negatives 
in b* represent yellow and blue, respectively; Cab* is the 
chroma where Cab* = [(a*)2 + (b*)2]1/2 and represents the 
saturation of color: chroma values closes to 0 indicate 
duller or grayer colors, higher values indicate more vivid 
colors; the hue angle (Hab), where Hab = tan−1(b*/a*), is 
a numerical value that represents the hue: hue angles of 
0, 90, 180 and 270 represent red, yellow, green and blue, 
respectively (Dubois et al. 1956; Jung et al. 2003).

HPLC analysis of MPs
The quantitative analysis of the six main MPs was per-
formed by 1200 HPLC system (Agilent, California, 
USA) coupled with a diode array detector. Pigments 
were separated by a reverse-phase column (XDB C18, 
150 mm × 4.6 mm, 5 μm, Agilent, California, USA) with a 
flow rate of 1.0 mL/min. The mobile phase was solvent A 
(0.1% formic acid in water) and solvent B (acetonitrile). A 
gradient elution was performed as follows: solvent B was 
maintained at 60% for 12 min, 60 to 90% for 13 min, 90% 
for 2 min, 60 to 90% for 2 min. The detection wavelength 
was 410 nm. Sample in the volume of 20 µL was used for 
each experiment.

Real‑time quantitative PCR analysis of pigments 
biosynthetic genes
Fresh mycelia were collected from fermentation broth 
and were kept in liquid nitrogen for RNA extraction. 
Total RNA was extracted from mycelia using the Plant 
RNA Kit (Omega, USA). First-strand cDNA was synthe-
sized using the PrimeScript 1st Strand cDNA Synthesis 
Kit (TaKaRa, Japan). All primers used in this study are 
listed in Additional file  1: Table  S1. RT-qPCR was per-
formed using the Stratagen Mx3000P (Agilent, Califor-
nia, USA) with the following cycling program: hold at 
95  °C for 30  s, followed by a three-step PCR (42 cycles 
of denaturation at 95  °C for 5  s, annealing at 60  °C for 
30  s, and extension at 72  °C for 30  s) and dissociation 
curve analysis (at 95  °C for 15  s, annealing at 60  °C for 

Color value
(

U/g biomass
)

= (A × dilution factor× V)/m 30 s, then collecting the dissociation curve from 60 °C to 
95 °C, finally at 95 °C for 15 s). The relative levels of target 
mRNAs were determined using the 2−ΔΔCt method and 
were normalized to the β-actin mRNA signals in each 
sample.

Determination of extracellular polysaccharide
Fermentation broth of 10 mL was filtered and all filtrates 
were collected. The crude polysaccharide was precipi-
tated with the addition of four volumes of 95% ethanol 
for 12  h. The precipitated polysaccharide was collected 
by centrifugation at 2683×g for 10  min. After that pre-
cipitates were redissolved in 10  mL distilled water with 
3% peroxide for 3 h at 60  °C to remove pigments. Total 
polysaccharide in the culture medium was determined 
by Spark 10 M ELIASA (Tecan, Männedorf, Switzerland) 
according to phenol–sulphuric acid assay (Cuesta et  al. 
2003).

Statistical analysis
Each experiment was repeated at least 3 times. Numeri-
cal data are presented as mean ± SD. The differences 
between groups were analyzed using one-way ANOVA. 
All statistical analysis was performed by using SPSS 17.0 
software. P value < 0.05 and < 0.01 were considered statis-
tically significant.

Results
AN decreased both biomass and pH of fermentation broth
The extracted pigments from mycelium in the process 
of fermentation without AN was served as the control 
sample. DMW was increased at initial stage of fermen-
tation (1–4 days), and then decreased in the late (5–7 
days). The maximum amount of mycelium was obtained 
on the 4th day of fermentation. Biomass with AN supple-
ment was slightly lower than the control sample on each 
day, but not to the significant level (Fig.  1a). However, 
the pH of fermentation broth with AN supplement was 
significantly reduced at each day point compared to that 
of the control. To be exact, the initial pH value was 5.0, 
and the final pH value reached to 7.0 for the control sam-
ple, whereas the pH values of fermentation broth treated 
by AN were changed from 2.5 to 3.5 (Fig.  1a). The pH 
decreased remarkably when exposed to AN, the phenom-
enon might be caused by the fact that AN is strong acid-
weak base, tending to react with OH− to form NH3 · H2O 
(weak alkali), which resulted in increasing the concen-
tration of dissociative H+ in liquid medium (Peters and 
Smuła-Ostaszewska 2012).

AN reduced the concentration of MPs
It was widely accepted that the absorbance was meas-
ured at 410 nm for yellow pigments, 470 nm for orange 
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pigments and 510  nm for red pigments (Chen et  al. 
2015). In this work the intracellular pigments were 
investigated from the 3rd to 7th days of fermentation, 
due to the ratios of intracellular to extracellular pig-
ments were approximately 200:1. The results showed 
that yellow, orange and red MPs production presented 
a maximum amounts on the 5th day, reaching to 4025, 
2688 and 4086 U/g in the control sample, respectively 
(Fig. 2). Whereas the concentrations of these MPs sig-
nificantly decreased with AN supplementation, espe-
cially orange and red pigments, which reduced by 
67.1% and 82.3% at most compared to the control sam-
ples, respectively (Fig.  2b, c). The data indicated AN 
resulted in the decrease of MPs concentrations.

AN altered the color characteristics of MPs
The lightness value of MPs in the control sample were 
in a range from 32 to 5 as fermentation proceeded, and 
the hue angles decreased from 40 to 25, correspond-
ing to the color ranging from orangish red to deep red. 
However, the higher values compared to the control that 
the hue angles of 80–40 and lightness value of 88–36 
were obtained with AN supplement, of which the cor-
responding color were from light orange to orangish red 
(Table  1). These data were in agreement with the color 
change of fermentation broth (Fig. 4c). In deed, AN led to 
the visual color of MPs changing from red to orange.

AN transformed the six classical MPs production by HPLC
The color characteristics of MPs are largely depended 
on the color and concentration of the components in the 
mixture. Therefore, the yields of six major compounds 

Fig. 1  Effects of ammonium nitrate (AN) on biomass, pH of fermentation broth (a) and extracellular polysaccharide production (b). Biomass was 
estimated by determining dry mycelium weight. The extracellular polysaccharide was measured by phenol–sulphuric acid assay. The data were 
represented as the mean ± SD (n = 3). *P < 0.05, **P < 0.01 was compared with control

Fig. 2  Effects of AN on the concentration of MPs. The concentration of yellow, orange, and red pigments was assessed by absorbance at 410 nm 
(a), 470 nm (b) and 510 nm (c) from the 3rd to 7th day of fermentation, respectively. The color values were expressed as OD units per gram of dry 
mycelia. The data were represented as the mean ± SD (n = 3)
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of MPs, yellows of monascin (Y1) and ankaflavin (Y2), 
oranges of monascorubrin (O1) and rubropunctatin 
(O2), and reds of monascorubramine (R1) and rubro-
punctamine (R2), were analyzed by HPLC, respectively, 
which provided an accurate determination of individ-
ual pigments. According to the peak areas, the yields of 
Y1, Y2 and O1, O2 were increased for the first 4  days, 
reaching the maximum amounts on the 5th day, and 

then decreased for the last 2  days (Fig.  3b, c). The cor-
responding absorbance data showed the similar trend of 
variation. The yields of R1 and R2 increased rapidly in the 
whole fermentation process (Fig. 3a). To be noted, when 
AN was added the amounts of O1 and O2 were greatly 
lowered to the undetectable level, whereas Y1, Y2 and 
R1, R2 production were evidently higher than the control 
sample from the 5th to the 7th day (Fig. 3). Interestingly, 

Table 1  The color characteristics of MPs with AN treatment and the control samples

a  The colors were distinguished by visual inspection
b  Cab = [(a*)2 + (b*)2]1/2

c  Hab = tan−1(b*/a*)

Group Fermentation time 
(days)

CIELAB color system Visual colora

L* a* b* Cab
b Hab

c

Control 3 32.67 60.70 50.94 79.24 40.00 Orangish red

4 19.11 50.86 32.94 60.60 32.93 Orangish red

5 5.53 4.66 3.96 6.11 40.35 Orangish red

6 5.96 4.51 2.40 5.11 28.08 Deep red

7 5.69 4.92 2.33 5.44 25.37 Deep red

NH4NO3 3 88.79 4.75 27.70 28.10 80.26 Light orange

4 54.61 47.25 66.31 81.42 54.46 Middle orange

5 42.36 57.16 70.24 90.56 50.86 Middle orange

6 44.72 57.71 69.34 90.21 50.23 Middle orange

7 36.51 61.71 61.41 87.06 44.86 Orangish red

Fig. 3  Effects of AN on the six classical MPs production. Yields of rubropunctatamine (R1) and monascorubramine (R2) (a), monascin (Y1) and 
ankaflavin (Y2) (b), rubropunctatin (O1) and monascorubrin (O2) (c) from the 3rd to 7th day of fermentation were assessed by relative peak areas 
provided by HPLC. The data were represented as the mean ± SD (n = 3). *P < 0.05, **P < 0.01 was compared with control
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although O1 and O2 production were greatly inhibited 
by AN, the visual color of fermentation broth presented 
orange (Fig.  4c). Presumably, the mixture was consisted 
of red pigments overlapped with a certain amount of yel-
low pigments, contributing to the observed color.

There were obvious differences on the HPLC profiles 
between the control and AN samples. The peak of O1, O2 
and a series of low-level amounts peaks, which emerged 
at the first 15  min of retention time, such as RX1, RX2 
and RX3, but disappeared when subjected to AN. The 
spectrum recognized RX1, RX2 and RX3 as red pigments 
(Additional file 1: Fig. S1).

AN regulated the expression of key genes involved 
in biosynthesis of MPs
Up to now a systematic analysis of the MPs biosynthetic 
pathway had been provided (Chen et al. 2017). To investi-
gate the effects of AN on MPs biosynthesis at the molec-
ular level, we analyzed the expression level of 13 genes 
involved in major step for the classical yellow, orange 
and red pigment biosynthesis by RT-qPCR. The rela-
tive expression levels of MpPKS5, MpFasA2, MpFasB2, 
mppA, mppB, mppC, mppD, mppG, mppE, mppF, mpp7, 
mppR1 and mppR2 were monitored on the 3rd, 5th, and 
7th days of fermentation (Fig. 5).

MpPKS5, polyketide synthase gene, is in charge of 
all Monascus azaphilone pigments related substances 

biosynthesis. The expression level of it with AN supple-
ment was relatively lower than the control sample, which 
was positively correlated with the total MPs produc-
tion according to absorbance (Balakrishnan et al. 2013). 
MppD, putative serine hydrolases, MppA, ketoreduc-
tase, as well as MppF, FAD-dependent monooxygenas 
are involved in polyketide chromophore production 
(Balakrishnan et  al. 2015; Bijinu et  al. 2014). In another 
branch, MpFasA2/MpFasB2, catalyzes the reaction of 
acetic acid with malonic acid to produced β-keto fatty 
acid (Balakrishnan et al. 2014b). MppB, acetyltransferase, 
transfers the fatty acyl chain to polyketide chromophore 
(Zabala et  al. 2012).On the main pathway, Knoevenagel 
aldol condensations establish the tricyclic carbon skel-
etons that will serve as the common precursors for the 
classical yellow, orange and red pigments. Mpp7 and 
MppC (NAD(P)H-dependent oxidoreductase) assist in 
Knoevenagel aldol condensations (Balakrishnan et  al. 
2014a; Bijinu et al. 2014). Recent study showed that the 
deduced intermediates (yellow pigments; marked with 
asterisk in Fig. 5) might be the key branch point for the 
synthesis of the classical MPs (Chen et al. 2017). To sum 
up, these genes above-mentioned (MppA/B/C/D/F/7, 
MpFasA2/B2) are all involved in the precursors biosyn-
thesis, of which the expression levels were all up-reg-
ulated with AN treatment. In term of MPs conversion, 
MppE, enoyl reductase, is related to form two classical 

Fig. 4  The HPLC profiles and images of fermentation broth. The profiles were corresponding to pigment extracts from mycelia of the control (a) 
and AN (b) treatment samples. The images (c) were photographed by fermentation broth from the 3rd to 7th day
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yellow pigments by reduction of double bond, while 
MppG, FAD-dependent oxidoreductase, affords the 
orange pigments by restoring the double bond (Bal-
akrishnan et  al. 2017a, b, c). The expression levels of 
mppE and mppD performed with AN were higher and 
lower than the control sample, which were in accordance 
with the two yellow (Y1, Y2) and orange pigments (O1, 
O2) productions, respectively. MppR1 and MppR2, two 
transcription factors of azaphilone pigment gene cluster, 
were up-regulated and down-regulated compared to the 
control sample, respectively (Balakrishnan et  al. 2013) 
(Fig.  5). It was demonstrated that AN led to the varia-
tion of the major components of MPs through regulating 
these genes expressions.

AN increased the extracellular polysaccharide production
In the fermentation process we found the amounts of 
viscous substances appeared on the surface of mycelium. 
Accordingly, the extracellular polysaccharide produc-
tion was investigated in this work (Fig.  1b). The yields 

of extracellular polysaccharide obtained with AN addi-
tion were significantly higher than the control sample, 
and reached to the maximum amount of 3.42 mg/mL on 
the 5th day of fermentation, which were approximately 
5 times compared to the corresponding control sample. 
The results suggested that AN induced a large amount of 
extracellular polysaccharide biosynthesis.

Discussion
The major MP products currently in China are appeared 
by red or deep red, such sausage, fermented bean curd, 
red yeast rice, etc. However, the fast-growing food indus-
try, are in great need of various color characteristics of 
MPs. Many reports demonstrated that nitrogen, the piv-
otal nutrient factors, significantly influences MPs biosyn-
thesis (Carels and Shepherd 1977; Chen and Johns 1993; 
Shi et al. 2015). In this study, the fermentation broth of M. 
purpureus M9 with AN supplement presented from light 
orange to orangish red during fermentation. We found 
that the reduction of MPs categories and conversion of 

Fig. 5  Expression levels of pigments biosynthetic genes in proposed biosynthetic pathway of MPs. The expression levels of 13 genes on the 3rd, 
5th, and 7th day of fermentation of the control and AN treatment samples were analyzed by RT-qPCR. The control samples were 1 (3 days), 3 (5 
days), 5 (7 days), and the AN samples were 2 (3 days), 4 (5 days), 6 (7 days). The transcriptional levels were normalized to those of the actin gene. The 
mRNA levels on the 3rd day of control were used as the reference value. The assay was repeated by three times
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the major components might be reponsible for the color 
characteristics variation.

MPs, the complex mixtures, have a package of compo-
nents, which all contributes to the final color (Lv et  al. 
2017). The 6 classical components, 2 yellow (O1, O2), 
2 red (R1, R2), and 2 orange pigments (O1, O2), plus a 
series of pigments with low-level amounts, were detected 
by HPLC after fermentation of M9 (Fig. 4a). In contrast, 
the peaks pattern resulted from AN treatment was obvi-
ously different from the control sample. A series of small 
peaks located on the first 15  min of eluted time were 
missing, which indicated the categories of MPs were 
reduced (Fig. 4b). Such result was in agreement with the 
absorbance data, which showed the concentration of MPs 
with AN supplement were significantly lowered. Particu-
larly, the orange and red pigments were reduced by 67.1% 
and 82.3%, respectively (Fig. 2).

In addition, the peak areas of 2 orange pigments, O1 
and O2, dropped down to the undetectable level when 
AN was added, whereas the peak areas of the yellow (Y1 
and Y2) and the red (R1 and R2), were enhanced (Fig. 4b). 
According to the recent reports, the six classical MPs are 
originated from the same deduced intermediates. The 
2 yellow pigments are formed by the reduction of dou-
ble bonds, while the 2 orange pigments are produced by 
creating double bond. The amines directly react with the 
orange pigments to generate the red pigments by non-
enzymatic reactions (Chen et  al. 2017). Thus AN might 
trigger the transformations among yellow, orange and 
red pigments, resulting in the variation of pigmental 
contents.

To be noted, the expression levels of pigments biosyn-
thetic genes further confirmed the above -mentioned 
hypothesis. The expression level of mppG, responsible for 
orange pigments biosynthesis, was significantly down-
regulated with AN supplement. The metabolic flux might 
go towards the shunt pathway of yellow or red pigments. 
Therefore, the increased yellow pigments production is 
accompanied with the up-regulated mppE expression. 
Moreover, a large amount of NH3 units were obtained 
from AN-containing fermentation broth. Orange pig-
ments are likely to react with amines, resulting in the 
increased red pigments yield. Thereby the expressions of 
pigment biosynthetic genes were regulated by AN, lead-
ing to the conversion of the major components of MPs.

In general, the effects of AN on color characteristic of 
MPs can be partially attributed to reduction of MPs cate-
gories and conversion of the major components. The fer-
mentation broth of M9 with AN treatment exhibited the 
color from orange to orangish red in the time-dependent 
manner, whereas the control sample was appeared to be 
from red to deep red during fermentation (Fig. 4c). Nev-
erthless, the color change of the intracellular extracts of 

M9 displayed the similar trends. According to the results 
from CIELAB colorimetric system, the hue angles of pig-
ments with AN supplement were about 44–80 in the fer-
mentation process, and the control samples were shown 
as 25–40, which represented orange and red, respectively 
(Table  1). UV–VIS spectrometry based on the charac-
teristic absorbance of samples is commonly utilized for 
measuring the concentration of different pigments. How-
ever, due to the complexity of MP compositions, the solo 
spectrometric methodology could not distinguish each 
component with accuracy. Subsequently, in the present 
work, a much more efficient HPLC approach coupled 
with spectrometry was used to analyze individual MP 
components. Relative quantitation of each MP compo-
nent was achieved by the measurement of HPLC peak 
areas. Hence, the preliminary mechanism of AN regulat-
ing color characteristics of MPs can be firstly disclosed in 
our data.

In order to further reveal the mechanistic basis for the 
changes of color characteristics, fermentation environ-
mental factors were also investigated, such as biomass, 
pH value of fermentation broth, and extracellular poly-
saccharide yields. Especially, AN resulted in acidic con-
dition in the whole fermentation process, in which the 
pH values of the fermentation broth were ranged from 
3.0 to 5.0 (Fig. 1a). The acidic environment might be det-
rimental to partial secondary metabolites biosynthesis 
of Monascus, for the concentration of MPs and citrinin 
being decreased. In our previous study, it was found that 
no citrinin was detected by HPLC with a certain amount 
of AN supplement (data are not shown). Some reports 
showed that low pH inhibited citrinin production (Kang 
et al. 2014). Further, in the current study, the categories 
of MPs were reduced, including some low-content pig-
ments and 2 classical orange ones. The yields of O1 and 
O2 reached to the undetectable level according to HPLC 
peak pattern (Fig. 4b). However, the productions of 2 yel-
low pigments (Y1, and Y2) were not affected. It’s worth 
noting that AN has the dual functions to alter the appear-
ance of MPs from red to orange, as well as significantly 
inhibit the citrinin production. The polysaccharides were 
also the secondary metabolites of Monascus (Wang et al. 
2014). The yields of extracellular polysaccharides with 
AN supplement were approximately 5 times more than 
that of the control samples, a fact suggests that the extra-
cellular polysaccharide might serve as a protective agent 
for Monascus to resist acidic adversity. Moreover, bio-
mass results showed that low pH almost do not influence 
the growth of Monascus.

In conclusion, AN regulated the color characteristics 
of MPs from red to orange in this work. The preliminary 
mechanisms were systematically investigated through 
a series of stepwise techniques. The change in color 
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characteristics could be mainly attributed to the reduc-
tion of categories of pigments and the conversion of 
major components. The results in this study could pro-
vide useful data to produce MPs with the improved color 
characteristics.
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