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Abstract

Background and objective: Monascus purpureus is a filamentous fungus with ability to
produce pigments with therapeutic properties. Red pigments are especially used as additives,
antioxidants, preservatives and substitutions for nitrites in food technology. To decrease
fermentation costs, agro-industrial wastes such as soybean meals have been used as substrates.
In the current study, red pigment production by Monascus purpureus on soybean meals was
optimized.

Material and methods: In this study, red Monascus pigment production by Monascus
purpureus ATCC 16362 was carried out under submerged fermentation using soybean meals as
nitrogen sources to replace yeast extracts. Central composite design was used to assess the
optimum level of soybean meal replacement (0-100%), ZnSO.4.7H,O concentration (0-0.02
g I'Y) and thermal stress time of spore suspension at 70°C (50-90 s). Red Monascus pigment and
biomass productions were assessed as dependent responses.

Results and conclusion: The maximum production of red Monascus pigment (4.54 AU ml?)
was achieved under conditions of soybean meal replacement of 79.72%, ZnSQO4.7H,0
concentration of 0-0.02 g I'* and thermal stress time of spore suspension of 81.89 s. The average
yield of red Monascus pigment, conversion factor of biomass in red pigment Ypx and cell
productivity included 0.324 AU ml? day?, 1.10 AU L g* and 0.292 g I"* day™, respectively.
Results of the current study have demonstrated that combination of soybean meal and yeast
extract as nitrogen source is beneficial for the production of red Monascus pigment by
Monascus purpureus.
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1. Introduction

Color is one of the most important characteristics of
foods. Use of synthetic dyes can cause carcinogenicity and
fetal defects. Therefore, natural pigments have become
popular as raw materials in food, pharmaceutical and
cosmetics industries. Microbial pigments, as natural pigm-
ents (bio pigments) extracted from microorganisms, are
produced by a number of bacteria, algae and fungi.
Microbial pigment production is preferred over other bio-
dye productions because of easy cultivations, production
short times and low costs [1,2].

Of the pigment producing microorganisms, Monascus
(M.) purpureus is important due to the production of red,

yellow and orange pigments with therapeutic properties
such as cancer, inflammation, diabetes and fat prevention
and reduction. The M. purpureus pigments have been used
as antioxidants, additives and preservatives in food products
and as substitutions for nitrites in processing of meats. Asian
countries monitored citrinin in red yeast rice and established
maximum limitations for citrinin in foods for humans [3].
Singgih et al. showed that ethanol extraction of Monascus
pigments decreased citrinin, which made this pigment safe
for human consumption [4].

To decrease costs of fermentation in industrial scales,
agricultural and industrial wastes can be used as substrates.
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Agro-industrial substrates are considered for the production
of secondary metabolites such as production of xanthan
from date extracts [5], surfactin from rice straws [6],
mycoprotein from date wastes [7], molasses, starches and
fruit and vegetable wastes [8], alpha-amylase from wheat
bran, rice brans and potato peels [9] and carotenoids from
potato skins, mung bean husks, onion peels and pea pods
[10]. Recently, studies have been carried out on use of
agricultural wastes such as date wastes [11], grape wastes
[12], bakery wastes [13], orange wastes [14], sugarcane
bagasse [15,16] and bug damaged wheat [17] to produce
Monascus pigment under submerged fermentation.
Submerge fermentation for the production of red Monascus
pigment can solve problems of low income, capital-
intensive, time-consuming and large surface area necessity
in solid-state fermentations. Moreover, this method is more
appropriate for large-scale industrial production than solid-
state production [18].

Several studies have been carried out for red Monascus
pigment production by M. purpureus as a safe
microorganism. Production of red Monascus pigment under
submerged fermentation is affected by various parameters
such as pH [11,19], zinc [20], carbon [21,22] and nitrogen
sources [19,22-24], salts and environmental stresses [25].

Yeast extract, as a nitrogen source, is a beneficial
substrate for Monascus pigment production [23]. However,
use of other economic sources seems appropriate.
Lubricated seeds are rich in proteins and used in dietary
enrichments as well as biotechnological processes during
fermentation. Soybean meal is a byproduct of oil seeds after
lubrication and solvent extraction [26]. Soybean meal
contains more than 43% of proteins [27]. Up to date,
Soybean meal has been used in various fermentation
processes as a substrate to produce secondary metabolites
from microorganisms, including fumaric acid by Rhizopus
oryzae [28], ethanol by Saccharomyces cerevisiae and
Zymomonas mobilis [29] and Monacolin K by M. purpureus
[30].

In nature, microorganisms are constantly affected by
physical and chemical changes in their environments.
However, microorganisms include defense mechanisms
against a variety of environmental stresses. Numerous
secondary metabolites are produced under stressful
conditions. Creating environmental stresses such as high
temperatures, osmotic pressures and presence of heavy
metals such as Zn increases pigment productions. Therefore,
pigment production by the microorganisms is increased to
adapt to the new conditions [2]. This method can be used to
increase production of secondary metabolites from
microorganisms [31]. Although Soybean meal residues have
been targets of replacing C- and N- sources [26-28], no
studies have been carried out to decrease the yeast extract as
nitrogen source using Soybean meal in culture media for the
production of Monascus pigment during fermentation.
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Therefore, the aim of this study was to identify significant
nutritional and physical factors such as soybean meal
replacement (0-100%), ZnSO4.7H,0 concentration (0-0.02
g I'Y) and thermal stress time of spore suspension of 70°C
(50-90 s) to produce red Monascus pigment from M.
purpureus during submerged fermentation using response
surface methodology.

2. Materials and methods

2.1. Microorganism

The M. purpureus ATCC 16362 was provided as live
culture by the Iranian Scientific and Industrial Research
Organization (IROST) (Tehran, Iran). Microorganism was
cultured in potato dextrose agar (PDA) media and incubated
at 30°C for 7 days. Then, culture was stored at 4°C until use
[11].

2.2. Preparation of inoculum and seed culture

The yeast extract powder soluble starch media included
4 g of yeast extract, 1 g of K;HPO4, 0.5 g of MgSO4 and 15
g of soluble starch per liter. Seed culture was prepared using
7-day-old M. purpureus spores. The number of spores was
adjusted using hemocytometer at 10° (spore ml?). Spore
suspension was heat stressed at 70°C with response surface
design (50-90 s). These were then incubated with agitation
at 120 rpm for 24-48 h at 30°C [11,25].

2.3. Media preparation and submerge fermentation

The Soybean meal was purchased from a local market
and then milled to powder and sieved using 60-mesh net
screen. Flavourzyme 1% (w w?) (Novozyme, Denmark)
was added to the Soybean meal and mixed at 100 rpm for
24 h at 40°C. The culture media included 1 g glucose, 0.05
g MgSO; * 7H20, 0.1 K2HPO4, 0.001 g FeS0O4.7H-0, 0.05
g KCI, 0.3 g NaNOs, 0.4 g yeast extract (yeast extract
contents varied in each treatment and SBM (0-100%)
replaced it) and 0-0.002 g of ZnSO4.7H,0 per 100 ml (Table
1). Media was autoclaved at 121°C for 15 min [32,11].
Then, 10-15% (v v') of the seed culture added to the media
and incubated at 30°C for 14 days using shaker incubator
(220 rpm) [11].

Table 1. Levels of the variables in central composite design
(o0 =1.68)

Range of levels

Variables -a, -1 0 +1 +o
SBMRY (%) (X1) 0 2027 50  79.73 100
ZnS047H0 (g 1) (X2) 0 0.004 0.01 0.016 0.02
TSTE (S) (X3) 50 5811 70 8189 90

1 Soybean meal replacement
1 Thermal stress time
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2.4. Analytical method

2.4.1. Quantitative analysis of pigment

Pigment extraction was carried out according to
Kantifedaki et al. Fermented media was mixed with alcohol
(70%) and transferred to ultrasonic bath (Parsunic, Iran) for
30 min at 25°C. Then, mixture was filtered using no. 1
Whatman filter papers. The supernatant was used for the red
Monascus pigment estimation by measuring the absorbance
at 500 nm using spectrophotometer (UNICO2100, USA)
and expressing the values as AU ml* [14].

2.4.2. Biomass assessment

Filtration of the culture media was carried out using no.
1 Whatman filter papers and weighed using digital scale.
Filtrates were dried at 75°C until achievement of a constant
weight and weighed using digital scale [24].

2.5. Experimental design

In the present study, variables of soybean meal
replacement (X;) (0-100%), ZnSO47H,O cconcentration
(X2) (0-0.02 g I'Y) and thermal stress time (X3z) (50-90 s)
were selected for further optimization by central composite
design of response surface methodology using Design
Expert Software v.7.0.0. Results of the central composite
design experiments for investigating effects of red
Monascus pigment (Y1) and biomass (Y2) productions are
presented in Table 2. To investigate effects of the factor and
their interactions, a central composite design experiment
with 14 axial points and six center points was carried out (o
= 1.68). After validation of the models, the average yield of
red pigment (Pm) (Eg. 1), conversion factor of biomass in
red pigment (Y pix) (EQ. 2) and average cell productivity
(Peens) (EQ. 3) were calculated after 14 days of incubating
[21,33].

Pw (AU ml day™?) =—mex"Po_ Eq. 1
(tpmax—tpo)
-1y = PMax-po
YP/X(AU Lgh= P Eq. 2
Xmllx—X
Pcells (g I_lday—l) = (t—to)o Eq 3

Where, Pmax Was the maximum rate of red pigment
production at time tp, (AU ml™), Po was the quantity of
red pigments at tp (AU ml?), tp, ~ was the time of
maximum red pigment production (day), to was the initial
cultivation time, Xmax was the maximum biomass formation
at time t (g I'Y) and Xo was the biomass formation at time to
@

3. Results and discussion

3.1. Regression model

Results of red Monascus pigment and biomass
productions were illustrated in Table 2. Red Monascus
pigment and biomass productions varied 0.5 +0.28 to 5
#0.27 AU ml't and 1 +0.11 to 9.7 +0.43 g I, respectively,
in various combinations of the 20 treatments. Models,
describing behaviors of the responses, were created by
finding the best setting of variables to optimize the
fermentation process. Second order models of the two
responses for coded variables were calculated using Eq. 4
for red Monascus pigment and Eq. 5 for biomass
productions, respectively:

Y1 = (+2.66) + (0.55 X1) - (0.82 X,) - (0.46 X3) - (0.61 X»

X3) + (0.35 X12) Eq. 4
Yz = (+7.93) + (0.13 Xy) - (0.55 Xy) - (1.43 Xs) - (1.92 X,
X2) - (1.13 X12) + (0.60 X22) - (1.27 X4?) Eq.5

Table 2. Central composite design using experimental data and predicted values

Variable Red Monascus pigment (AU ml?) Biomass production (g )
Number 2;’)'\/' R (Zgnlsl()) 4° TH0 TST () Experimental Predicted Experimental  Predicted
1 20.27  0.004 58.11 3.2+0.08 2.92 5+0.17 4.86
2 79.73  0.004 58.11 4+0.22 4.02 9.7+0.43 8.98
3 20.27  0.016 58.11 2.3+0.12 251 7.78+0.28 7.61
4 79.73  0.016 58.11 3.68+.31 3.60 3.99+0.56 4.03
5 20.27  0.004 81.89 3.6+0.28 3.23 3+0.32 1.99
6 79.73  0.004 81.89 5+0.27 4.32 7.02+0.72 6.11
7 20.27  0.015 81.89 0.61+0.17 0.37 4.5+0.12 4.74
8 79.73  0.016 81.89 1.89+0.26 1.46 1.7+0.10 1.16
9 0 0.010 70.00 2.56+0.52 2.74 4.22+0.46 4.52
10 100 0.010 70.00 4.1+0.33 4.58 4.1+0.21 4.97
11 50 0.000 70.00 3.540.25 4.03 5.9+0.63 7.16
12 50 0.02 70 1.2+0.39 1.28 5.4+1.05 5.31
13 50 0.01 50 2.98+0.20 2.84 6.5+0.52 6.75
14 50 0.01 90 0.5+0.28 1.30 1+0.11 1.92
15 50 0.01 70 2.3+0.58 2.66 8.67+0.49 7.93
16 50 0.01 70 2.87+0.43 2.66 8+0.68 7.93
17 50 0.01 70 2.65+0.75 2.66 7.6+0.80 7.93
18 50 0.01 70 2.7+0.3 2.66 7+0.18 7.93
19 50 0.01 70 2.4+.29 2.66 8.7+0.16 7.93
20 50 0.01 70 3.08+0.09 2.66 7.83+0.11 7.93

SBMR= soybean meal replacement, TST= thermal stress time,
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Table 3. Variance analysis of the response surface design of Monascus purpureus red pigment (Y1) and biomass (Y2)

productions

Red Monascus pigment (Y1)

Biomass production (Y?2)

Source df Meansquares F-value P-value
Model 6 362 18.15 0.000
X1 1 4.06 20.35 0.001
X2 1 917 4591 0.000
X3 1 286 14.33 0.002
X1 Xz - - - -
X1 Xs - - - -
X2 X3 1 298 14.91 0.002
X1? 1 183 9.17 0.009
X2? - - - -
X3? - - - -
Residual error 13 0.20 - -
Lack of Fit 8 027 0.37 0.105
Pure Error 5 0.084 - -
Corrected total 19 - - -
R1=0.89
Ri(adj) 0.84
R2=0.92
R2(adj) 0.88

Mean squares  F-value P-value
14.60 21.12 0.000
0.25 0.35 0.566
412 5.96 0.031
28.10 40.66 0.000
29.64 42.89 0.000
18.30 26.48 0.000
521 7.53 0.017
23.35 37.78 0.000
0.69 - -
0.88 2.08 0.218
0.42 - -

Where, Xi, Xz and Xs represented soybean meal
replacement, ZnSQO4.7H,0 concentration and thermal stress
time, and Y1 and Y represented red Monascus pigment and
biomass productions, respectively. Based on Analysis of
variance test (Table 3) coefficient of determination (R?) and
adjusted coefficient of determination (R%gq) for red
Monascus pigment and biomass productions were 0.89, 0.84
and 0.92, 0.88, respectively. The R? value seemed better
between 0 and 1. The closer the R was to 1, the excellent
model and the more accurate predicted responses were [34].
This demonstrated good compatibility of the experimental
and predicted values for red Monascus pigment and biomass
productions. Red Monascus pigment and biomass
production model F-values of respective-ly18.15 and 21.12
and p-value of less than 0.0001 showed that the model was
statistically significant. The lack-of-fit value of red
Monascus pigment and biomass productions of 0.37 and
2.08 and p-value of 0.1052 and 0.218 showed that lack of fit
was not statistically significant. Lack of fit is the variation
of the data around the fitted model. If the model does not fit
data extremely, the value is significant. Independent
variables with no significance were neglected as backward
elimination regarding their p-values (P<0.05) and the model
equation was modified to the new fitted model.

3.2. Interaction between the affecting factors
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Of the three variables tested, soybean meal replacement
(X1), ZnS0O4.7H20O cconcentration (X2) and thermal stress
time (Xs3) were highly significant for red Monascus pigment
production, while interactions between the ZnSO..7H,0
concentration and the thermal stress time (X2 X3) and the
quadratic effects of soybean meal replacement (X1) were
significant based on the p-values (Table 3). Furthermore, 2D
and 3D plots were created for the responses (red Monascus
pigment production) at any of the two independent
variables, while keeping the others at the middle point.

Based on Figure 1A, increases in soybean meal
replacement resulted in increases in red Monascus pigment
production. Amino acids have been reported as the most
important N-sources to pigment production by M.
purpureus. Since Soybean meal is rich in amino acids, it
leads to the presence of further amine groups in the
amination process of polyketide synthesis [35]. Interaction
effects of various ZnSO4.7H, 0 concentrations and thermal
stress time on red Monascus pigment production are shown
in Figure 1B. Increases in ZnS0..7H, 0 concentration led to
decreases in red Monascus pigment production.

Toxicity of high zinc concentrations could be associated
to the creation of magnesium deficiency, which disturbed
the microbial growth and hence decreased red pigment
production as growth-dependent metabolites [36,37]. The

Appl Food Biotechnol, Vol. 7, No. 3 (2020)
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red Monascus pigment production was further sensitive to
higher levels of thermal stress time at 70°C and the red
pigment content decreased with increasing thermal stress
time (Figure 1B). Abrashev et al. showed that temperatures
above 50°C for 10-20 min resulted in germination delay in
spores of Aspergillus niger [38]. Disturbance in fungal
metabolism leads to delay germination, resulting in

decreased production of growth-dependent red pigments
[37]. Based on Figure 1B, interaction effects of
ZnS0O4.7H,0 concentration and thermal stress time
increased red pigment production using levels of both media
(ZnS04.H,0 of 0-0.01 g I'* and thermal stress time of 50-70

s).

(A)

One Factor

Design-Expert®Software
Red Pigment 55—
eDesign Points

X1= A: %Soybean meal
Replacement

Actual Factors

B: ZnSo4.7H,0 (g I'*) =0.010
C: Thermal Stress (S) =70.00

3.875 —

275 —

Red Pigment

1.625 —

05 —|

50.00 64.87 79.73

A: % Soybeen Meal Replacement

Design-Expert® Software
Red Pigment

Red Pigment
5

05
36

X;=B: ZnS0,.7H,0 (g I'")

X,=C: Thermal Stress (S)

Actual Factor

A: %Soybean Meal

Replacement=50.00

2.825

2.05

1.275

Red Pigment

0.5

81.89

C: Thermal Stress

58.11  0.004

(B)

0.016

0.010

B: ZnS04.7H20 (g I'Y)

Figure 1. Effects of various levels of soybean meal replacement (A) and response surface of interaction effects between
ZnS04.7H20 concentration and thermal stress time (B) on red pigment production by Monascus purpureus

In general, 2D and 3D plots were generated for the
responses (biomass production) at any of the two
independent variables, while keeping the others at their 0
levels. Based on Figure 2A, increases in thermal stress time
led to decreases in biomass production. These were further
sensitive to higher levels of thermal stress time at 70°C.
Therefore, reduction process at higher levels of thermal
stress time (greater than 70 s) was significant. This could be
linked to delays in germination. Heat stress caused protein
denaturation, resulting in polar bond weakening and
exposure of hydrophobic groups. Therefore, reactive
oxygen species were produced under the heat stress [39]. In

Appl Food Biotechnol, Vol. 7, No. 3 (2020)

nut shells, reactive oxygen species affects the apical tip
growth, hyphal branching and cellular differentiation [40].
Figure 2B reveals that the interaction effects of various
ZnS04.7 H,0 concentrations and soybean meal replacement
on biomass production were significant (P<0.05) (Table 3).
Increases in soybean meal replacement of the media (O-
50%) resulted in increases in biomass production up to 8.67
g It. However, biomass production decreased by further
increases in soybean meal replacement. The soybean meals
contains a small quantity of zinc [41]. It could be discussed
that the presence of SBM provided a sufficient quantity of
zinc to stimulate the microbial growth. Bau et al. reported
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that biomass production stopped with the presence of zinc
at 2 x 102and 3 x 10° M (0.57-0.86 g I'%) in liquid media.
In addition, the optimum concentration of ZnSO4.7H,0 for
the growth of M. purpureus was 5 x 10* M (0.14 g I') [20].
Therefore, presence of high quantities of zinc in media

inhibited growth of M. purpureus. Gadd reported that a
small quantity of zinc was essential for the growth of M.
purpureus. However, higher quantities of zinc was toxic due
to the blockage of functional groups of the enzymes [42].

Design-Expert ® Software
Biomass 87 —
e Design Points
X;= C: Thermal Stress (S) —
Actual Factors

A: % Soybean Meal
Replacement=50.00

B: ZnSo0,.7H,0 (g I'Y) =0.010

5.35 —

Biomass

3.175 —

(A)
One Factor
2@
@
@
I I | T T
58.11 64.05 70.00 75.95 81.89
C: Thermal stress (S)
(B)

Design-Expert® Software
Biomass

9.7
1
X1=A: %Soybean Meal Replacement

X2=B: ZnS04.7H20 (g I')

Actual Factor
C: Thermal Stress (S) =70.00 6.35

Biomass

0.016
0.013

0.010

B: ZnS04.7H:0 (g I'Y)

335552502
223 4‘o,oo¢00’0¢‘0. o,
SRR ICTRITA LA 22
0'0::0:‘ S22 ‘0"&"’0,:0
2 ‘0

79.73
64.87

50.00

A: % Soybean Meal Replacement

0.007
0.004 20.27

Figure 2. Effects of various levels of thermal stress time (A) and response surface of interaction effects between ZnS04.7H,0
concentration and soybean meal replacement (B) on biomass contents of Monascus purpureus

Appl Food Biotechnol, Vol. 7, No. 3 (2020)

148



Production of Monascus purpureus Red Pigments

3.3. Validation of the model under optimized conditions

Validation was carried out under optimized conditions
predicted by the model. To validate statistical model and
regression equation, optimization program was used with
investigation of experiment range using Design Expert
Software and the following optimum conditions were
achieved: soybean meal replacement of 79.72%, thermal
stress time of 81.89 s and ZnS04.7H,0 concentration of
zero. Experimental responses for the red Monascus pigment
and biomass productions included 4.54 AU ml* and 4.12 g
I, respectively. Experimental results were similar to the
predicted value of 4.44 AU ml. The average yield of red
pigment, conversion factor of biomass in red pigment and
average cell productivity of the optimized sample included
0.324 AU ml? day?, 1.10 AU L g* and 0.292 g I'*day?,
respectively. Production of the red Monascus pigment at
optimized conditions was much higher than those reported
by Meinicke et al. [22], Seyedin et al. [23] and Broder and
Koehler [43]. Broder and Koehler (2001) produced 1.5 and
3.5 AU ml* of submerged red pigments using M. purpureus
and yeast extracts (4 g I'!) [43]. Seyedin et al. achieved red
Monascus pigment at 2.05 ODU ml* using yeast extracts.
In their study, KoHPQO4 respectively included 2.75 and 1.5 g
It using response surface methodology [23].

4. Conclusion

The current study was carried out to assess effects of
three important variables (soybean meal replacement,
thermal stress time and ZnS04.7H,0 concentration) on red
pigment production by M. purpureus using response surface
methodology. Results showed that use of soybean meal as a
nitrogen source to replace yeast extracts increased red
pigment production. Red Monascus pigment production
was further sensitive to higher levels of thermal stress time
at 70°C. Using selected levels of the process variables, a
relatively high quantity of the red Monascus pigment was
achieved with 72% soybean meal replacement and 81.89 s
thermal stress time with no ZnSO4.7H,0 concentration in
submerge fermentation. Under optimized conditions,
quantity of the red Mp, average yield of red Monascus
pigment (Pw), conversion factor of biomass in red pigments
(Yp/X) and cell productivity (P..;) were assessed as 4.54

AU ml?, 0.324 AU mlt day?, 1.10 AU L gt and 0.292 g I
L day?, respectively. In general, the lower application of
yeast extract may result in decreases in media costs at large
scales and can promote commercialization of the red
Monascus pigment production from SBM. Successful
replacement of yeast extract with SBM addresses gaps in
other studies for costs of the recently optimized media based
on use of yeast extracts for production of red Monascus
pigment
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