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ABSTRACT

The aim of this work was to study the production of pigments by Monascus
ruber Van Tiegham using submerged culture technique. The fermentation
media contained rice flour, peptone, glycerin, glucose, MgSO,4, KNOs and the
variables studied included the addition of zinc, ammonium and glutamate in
the liquid culture. The experiments were designed to investigate the
production of pigments using a Box Behnken design. The influence of each of
these factors on pigment production were evaluated by the ratio of 500 nm
and 400 nm absorbance measurements and by the color parameters of the
Commission Internationale d'Eclairage L*A*B* system. Total and red
pigments measured as absorbance units showed optical density values as
high as 21.78 and 11.67 absorbance units, respectively, which was close to
values reported in the literature for solid-state culture. The response surface
analysis proved a quadratic effect of zinc concentration on both pigment
production and color quality. This result is quite important because the
guadratic effect of zinc was not reported before in the literature and it
demonstrates there is an optimum concentration of zinc for pigment
production and quality. More importantly, color L*A*B* measurements
showed that the increase in total red pigment production caused no
prejudice in color quality within the range of the experimental conditions.
The results demonstrate the feasibility of pigment production with high color
quality in submerged culture.

Keywords: Red pigments, submerged culture, CIELAB* color space, Box-
Behnken designe.
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1. INTRODUCTION

The recent scientific finding that most synthetic colorants
have carcinogenic and teratogenic effects has raised
growing interest in natural colorants and resulted in many
ongoing studies (1-3). One promising alternative is the
production of colorants by microorganisms, which have
been used by man since ancient times. The first history of
success in the industrial production of pigments using
microorganisms was in the Europe in the production of -
carotene by the yeast Blakeslea, in 1995. The -carotene
produced by this biotechnology is chemically equivalent
to that produced by a synthetic route and is widely
accepted as a food colorant (4).

Currently, natural colorants or pigments are of emerging
importance in industry, particularly in food production
where color is an important determinant in organoleptic
quality (5,6).

Monascus strains were discovered by van Tiegham (1884)
and were known in Europe as a contaminant in cereals,
starch and silage (7). In Asia, Monascus sp. has been used
for many years to prepare pigments as well as fermented
foods and beverages (8). The red pigments produced by
organisms found in the rice grains, such as red mold rice,
red yeast rice, red koji or anka, are the most widely used
in Asia, mainly for coloring fermented foods (9), and the
species are also known as red mold rice, red yeast rice,
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red koji or anka (10-12). Red mold rice is now used as a
popular natural colorant and a dietary supplement
worldwide (13). Although it has no industrial application,
its secondary metabolites have anticholesteremic and
antibacterial activities (14-17), which makes red mold rice
a valid functional food candidate (17)

The coloring components obtained from Monascus sp.
include at least six chemicals: rubropunctamine and
monascorubramine (red-colored); rubropunctatin and
monascorubrin (orange-colored); and monascin and
ankaflavin  (yellow-colored). These pigments are
liposoluble and unstable under conditions of extreme pH
(<2 and >14), heat or light (19). These pigments are
present as a mixture in fermentation broth, and the
isolation of red, orange and vyellow pigments is not
economically feasible, although the red pigments have the
highest commercial value (20-21). The changing
proportions of these main chemicals may give the
different colors or shades to this natural pigment.

Some studies have been carried out to increase the red
pigment production by Monascus ruber (6,9,22,23), since
this monascus strain does not produce citrinin (24, 25).
However, the majority of these reports used solid
fermentation. In solid state fermentation, the red pigment
production is supposedly greater than liquid state
fermentation due to the diffusion of intracellular pigments
in the solid matrix, which could increase the economic
viability of this method (5, 26). However, yields of red
pigments are still too low to allow industrial scale
production (27). Therefore, red pigment production by
Monascus ruber in submerged culture is an interesting
alternative (28). Submerged culture fermentation is widely
applied in industrial biotechnology due to its reliable
homogenization, allowing uniform conditions for the
microorganism growth and fine control of culture factors
such as pH, dissolved oxygen, temperature, agitation
speed and nutrient concentration (22,27).

The aim of the present work was to investigate the effects
of culture media additives on the production and ratio of
red and yellow pigments by Monascus ruber Van Tiegham
in submerged culture using response surface
methodology. The pigment production was characterized
by the final yield of red pigments, and the red-to-yellow
pigment ratios were determined spectrophotometrically
and by using the CIELAB* color space measurements. The
experiments were carried out following a factorial design
(Box-Behnken), and data were analyzed by response
surface methodology.

2. MATERIAL AND METHODS

Microorganisms, culture media and conditions

The strain of Monascus ruber van Tiegham (alt.
Basipetospora rubra Cole & Kendrick), Tax (79, 373),
supplied by Fundag¢do André Tosello de Pesquisa e
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Tecnologia (Campinas, Brazil), was preserved by spore
growth in PDA medium with immobilization in silica beads
and further drying under vacuum. The silica-immobilized
strain was stored at 42C. Before transfer to fermentation
flasks, M. ruber was seed cultured by extracting from silica
using PDA medium and cultivated for 10 days. The inocula
was prepared by homogenizing 16.8 g of Monascus
mycelia wet mass in 10 mL of sterilized distilled water,
followed by filtration in a sterilized cloth, which yield 2 mL
of a suspension with 5.84 x 10° spores/mL. Fermentation
was carried out by adding 2 mL of the Monascus
suspension to 50 mL of a liquid medium containing rice
flour at a concentration of 30 g/L, peptone 9 g/L, glycerin
30 g/L, glucose 110 g/L, MgSO, 1 g/L, KNO; 2 g/L. The
culture medium pH was adjusted to 6.5 +0.1 using a
Digimed pHmeter (Digimed Ltd., Sdo Paulo, Brazil). The
fermentation was completed in 250-mL Erlenmeyer flasks
stored in air baths, model LM/AB 15 (Labmag Ltd, Ribeirdo
Preto, Brazil), which have 15 magnetic stirring spots with
digital controls for both temperature and stirring speed.
The temperature was maintained at 30 £ 0.52C by a digital
PID controller, and fermentation was completed under
anaerobic conditions. The fermentation process was
carried out for 7 days, after which the fermentation broth
was filtered with a 0.45-mm membrane (Millipore Co.,
Billerica, USA) under vacuum and the mycelia were
separated from the filtrate. Afterwards, the mycelia were
ground in a mortar, ultrasonicated in a sonicator DES 500
(Unique Ltd., Indaiatuba, Brazil) for 5 minutes and then
added to 100 mL of analytical purity ethanol. This
suspension was magnetically stirred for 48 hours in the
dark. The suspension was filtered in 0.22 um membrane
filter (Millipore Co., Billerica, USA) and added to the
filtrate to obtain the final extract. The samples were
immediately used or diluted for spectrophotometer and
color space analysis.

Box-Behnken design

The experimental replicates followed a fractional factorial,
Box-Behnken design (29) in order to verify the effect of
three factors on the red and total pigment production by
Monascus. The effects studied were addition of zinc,
monosodium glutamate and ammonium to the
fermentation medium. This experimental design allowed
the investigation of the linear and quadratic effects of
these factors on the pigments produced, as well as the
possible interaction between these factors. The levels of
pigments were determined spectrophotometrically and by
color space analysis. The studied factors and their real and
coded levels are shown in Table 1, while the complete
factorial design is shown in Table 2. To analyze the levels
adopted in this design, the factors studied needed to be
decoded. The decoding formula is given by:
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Gnooded-value—0.5x Qigh-value+ low-value

Coded -Variable= , ~
0.5x Qigh-value- low-value

[1]
Some of the effects were modeled by a response
function applied as a quadratic equation, fitted by
response surface methodology as given below:

Yi = Al +A1X1 +AZX2 + A3X3 + A4Xl2 +A5X22 + AGXSZ +A7X1X2 +A8X1X3 + A9X2X3
(2]

Factors Levels
+1 0 -1
ZnS0,, Zn (g/L) 08 04 0
Monosodium glutamate, MSG (g/L) 10 5 O
Ammonium, NH," (g/L) 2 1 0

Table 1 - Investigated factors and their levels in culture media

+

Exp. Zn MSG NH,
1 -1 -1 0
2 1 -1 0
3 -1 1 0
4 1 1 0
5 -1 0 -1
6 1 0 -1
7 -1 0 1
8 1 0 1
9 0 -1 -1

10 0 1 -1
11 0 -1 1
12 0 1 1
13 0 0 0
14 0 0 0
15 0 0 0

Table 2. Experimental design using the Box-Behnken method.

a) b)

Figure 1 - Response surface of Py as a function of: a) MSG and Zn; b)
NH,; and Zn.

© Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved.

where Y; = dependent variable, X; = Zinc; X,
Monosodium glutamate; X; - ammonium; and A,
polynomial coefficients.

The results were analyzed by multiple regression
methods using the module Visual General Linear Model
(VGLM) of the software Statistica 7 (Statsoft Inc., Tulsa,
USA).

Pigment measurement

The determination of yellow and red pigments present in
the extracts was made spectrophotometrically in a UV
spectrophotometer model M330 (Camspec Co., Leeds,
UK). Red pigment production was determined by
measuring the units of absorbance per AU/cm. As shown
in this table, P values ranged from 0.61 to 3.89 at the
wavelength of 500 nm (9). The ratio of red to yellow
pigments in the extract was proportional to the ratio of
absorbencies in the wavelengths of 500 and 400 nm,
respectively (19,21,23).

Color measurement

The color space indexes L*a*b* were measured by a
“Cromameter” CR 200 colorimeter (Minolta Co. Ltd.,
Osaka, Japan). A 50 x 50 mm double layered white cotton
cloth was submerged in 20 mL of the fermentation broth
extract at 25°C for five minutes. The cloth was dried under
a controlled 20 I/min air flow at room temperature. The
procedure was repeated twice. The L*a*b* values were
determined according to the CR200 manufacturer
instructions. The CR 200 was calibrated with a standard
white plate CR A44 (Minolta Co. Ltd., Osaka, Japan) at the
start of each session. The parameters of color space were
measured in duplicate samples using an observer angle of
0° and a measurement surface of 8 x 8 mm.

3. RESULTS AND DISCUSSION

The resulting red pigment production for this factorial
design experiment was analyzed using the response
surface technique (29). The optical densities of red
pigments produced are given in units of absorbance per
ml, Pg, in Table 3. As shown in this table, Py values ranged
from 0.61 to 3.89 AU/cm. However, as the culture media
(50 ml) was extracted with 100 ml of ethanol, a dilution
factor of 3 should be considered to compare our results
with data of other authors, giving 1.83 to 11.67 AU/cm.
Previously, 1 O.D. unit was considered to correspond to
15 mg/l of red pigments at 480 nm (22). However, the
diversity of fermentation conditions makes comparison a
difficult task as the concentrations of pigments are lower
in submerged cultures than in solid state fermentation.
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For example, 25 O.D. units per gram of dry fermented
substrate was achieved using jackfruit seeds as a
substrate (6). The surface plots of red pigment
production, Pg, represented by optical density at 500 nm
are shown in Figure 1. The AU/cm readings for different
zinc and ammonium contents are shown in Figure 1a. The
absorbency at 500 nm increased with the addition of zinc
until it reached a maximum level and then started to
decrease. However, the surface analysis indicates that the
red pigment production was not affected by the
ammonium content in the culture media. The effect of
monosodium glutamate addition on red pigment
production is shown in Figure 1b. This figure presents the
surface plot of AU/cm at 500 nm as a function of MSG and
ZnS0O, content. The greatest red pigment production is
achieved with intermediary Zn levels, whereas the
addition of MSG appears not to have an effect on pigment
production. Based on these two surface plots, the only
factor affecting the red pigment production was the
ZnS0O, content in culture media.

Exp. Zn  MSG  NH, Pa Pr Agy a*/b*  L*
1 0 0 1 1.20 3.14 062 035 69.7
2 08 O 1 214 473 082 070 62.7
3 0 10 1 1.06 2.44 077 043  66.3
4 08 10 1 224 224 091 066 651
5 0 5 0 061 142 075 047 757
6 08 5 0 115 275 072 043  70.3
7 0 5 2 1.28 3.06 072 044  62.0
8 08 5 2 241 522 086 072 650
9 04 O 0 351 7.26 083 076 587
10 04 10 0 279 573 090 070 582
11 04 O 2 389 724 088 129 463
12 04 10 2 280 624 081 067 614
13 04 5 1 265 588 092 102 616
14 04 5 1 308 694 080 091 56.0
15 04 5 1 262 426 068 076 688

Figure 2 - Response surface of P; as a function of: a) MSG and Zn; b)
NH,4 and Zn.

This observation is confirmed by the analysis of variance
(ANOVA) on the experimental data of Pz and P;. The
ANOVA showed that ZnSO, affected PR with a 5%
significance, whereas the squared term of the Zn content
influenced pigment production at a significance level of
0.1%, as shown in Table 4. The same statistical result was
found for P;, with the effects of Zn and its squared term
significant at 5% and 0.1%, respectively. However, in the
case of P;, the ammonium concentration also influenced
production, but with a significance level of 10%. The MSG
content did not significantly influence either the Py or the
Pr. The best fits of response surface equations were
obtained by multiple regression analysis considering only
the significant factors. Equations 3 and 4 were obtained
for Px and Py with R® = 0712 and 0.936,
respectively.

Zn— 0'4)>< [Zn —0_4) (3]

0.4 0.4
P =265+ 0-6{%)—1.80[ Zn _0'4}( (Zn _0-4j [4]

Pr =2.59 + 0.47(L0'4)

—1.29[

Table 3 - Characteristics of extracts containing the pigments

The total pigment, P;, was obtained by the summation of
0.D. measurements at the wavelengths of 400, 470 and
500 nm (Table 3 and Figures 2a and 2b). The P; varied
from 1.42 to 7.26 AU/cm, but after application of the
dilution factor, they represent values of 4.26 to 21.78
AU/cm. It means that varying the experimental conditions
P; could be multiplied by a factor of 5.1. The surface plots
of Py as a function of ammonium and ZnSO, or MSG and
ZnS0O, concentrations are shown in Figures 2a and 2b,
respectively. The shapes of these surfaces indicate that
the characteristics of total pigment production were very
similar to those of red pigment because in both cases, the
curved behavior of the response surfaces indicates
maximum  pigment production at intermediate
concentrations of zinc sulfate.

© Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved.

0.4 04
Facto P (Pg) P (Py P (Agyy) P(a*/b*) P (L*)
r
Zn 0.022571* 0.021211* 0.15595 0.120821 0.489318

0

Zn*>  0.000154* 0.000074** 0.30822 0.007413*** 0.029774

* * 3 * *

MSG  0.327845 0.223271 0.41411 0.204781 0.386108
9

MSG? 0.185296 0.161127  0.49769 0.898567 0.178017
7

NH,4 0.183427 0.128769  0.80548 0.144055 0.106002
5

NH42 0.666764 0.674717  0.72094 0.718423 0.513675
9

Zn* 0.822440 0.788491  0.76566 0.715050 0.590713

MSG

Zn* 0.697181 0.738978  0.41336 0.349987 0.447788

NH,4 5

MSG  0.928871 0.940912  0.49567 0.131163 0.186929

*NH, 7

Error

Table 4. Analysis of variance (ANOVA). Significance levels: *5%,
*%0.05%, **¥*0.001%, ****1%
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The proportion of red-to-yellow pigments was also been
evaluated by the ratio of the respective absorbance
measurement at 500 and 400 nm, Agy. The values
obtained for this ratio following the Box-Behnken
experimental design are shown in Table 3. The surface
plots in Figures 3a and 3b show the ratios as functions of
ammonium, zinc and MSG contents in culture media. The
surface in Figure 3a again indicates a curved or quadratic
effect of zinc addition on Agy, whereas there is an
increase in this ratio with increasing addition of MSG. The
same zinc effect is shown in Figure 3b, but the effect of
ammonium seems to be more complex and interactive
with zinc. However, the ANOVA performed on Ay data
proved that none of these factors affected Agy at a 5%

significance level, as shown in Table 4. Nevertheless, this
statistical result does not indicate that zinc, ammonium
and MSG do not affect Monascus pigment color, but
rather that within the range of concentrations used in this
study, the variability of the process was larger than the
linear, quadratic and interaction effects of the factors.
The negligible effects of these three factors on the Agy
ratio indicates that the coloring quality of the pigments
produced were not influenced by these additives. This is a
positive finding because these results indicate that using
the conditions applied in this experiment, the red
pigment production may be improved without

compromising pigment quality.

Figure 3 - Response surface of Agyas a function of: a) MSG and Zn; b) NH, and Zn.

From the standpoint of food colorants, Monascus
products are better characterized by a color space
criterion (30). The CIE (Commission Internationale
d'Eclairage) L*a*b* (CIELAB) is one the most complete and
accepted color space systems, with the main advantages
of this system being the thorough description of colors
visible to human eye and theoretical independence of
L*a*b* from the measuring device.

The values of the a*/b* ratio for the 15 experiments
performed in this study are presented in Table 3. The
response surfaces for a*/b* are shown in Figures 4a and
4b. Figure 4a presents the surface plot of a*/b* as a
function of MSG and ZnSQO, contents in culture media. The
surface indicates a non-linear effect of zinc on the a*/b*
ratio. The a* and b* coordinates of the CIELAB represent
the color positions between red and green as well as
between yellow and blue, respectively. Positive values of
a* indicate red, whereas the negative values represent
green. The b* negative values correspond to blue, and the
positive values indicate yellow. This indicates that high
positive values of the ratio a*/b* correspond to
predominantly red coloring, as desired for Monascus
pigments. Figure 4b also presents the a*/b* response
surface as functions of ammonium and Zn contents. The
most important effect observed here is a quadratic

© Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved.

increase in red pigment production with Zn addition. In
both Figures 4a and 4b, the effects of MSG and
ammonium seem to be insubstantial. This finding was
confirmed by the ANOVA on a*/b* data, shown in Table
4, which verifies that the only significant effect, at a 1%
level, was the squared term of ZnSO, content. It can also
be asserted that the pigments obtained with intermediary
Zn content had the highest quality when considering red
pigment production as the final goal. Equation 5 was
fitted to a*/b* data by multiple regression, taking into
account only the significant terms and resulting in a
correlation coefficient of R* = 0.865.

zZn — 0.4) [5]

a*/b*:0.0896—0.3508[zn70'4)>< —

0.4

a) b)

Figure 4 - Response surface of a*/b* as a function of: a) MSG and Zn;
b) NH, and Zn.
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An equally important parameter in this experiment is the
lightness of the color. The L* values for the Monascus
pigments obtained in different culture media varied from
46.3 to 75.7 and are shown in Table 3. The lightness L*
may vary from zero (black) to 100 (diffuse white), with
lower values corresponding to darker colors. The
response surfaces of L* as function of zinc, ammonium
and MSG contents are shown in Figures 5a and 5b. Figure
5a shows the surface of L* as a function of MSG and Zn
contents in culture media. The non-linear (quadratic)
effect of Zn on the lightness of pigment can be clearly
observed, with lowest lightness values for intermediate
Zn concentrations. This result indicates that intermediary
amount of ZnSO, added to the media may impart a darker
red color to the Monascus pigments. However, the Zn
effects shown in Figures 5a and 5b reveal similar trends,
while both MSG and ammonium did not seem to cause
any change in lightness. The ANOVA on L* data, shown in
Table 4, demonstrate that the square of the Zn
concentration influenced L* at a 5% significance level. On
the contrary, the MSG and ammonium levels did not have
any significant influences on L*. The equation resulting
from multiple regression fitting, considering only the
significant factors and obtained with R* = 0.812 is given by
Equation 6.

L*:62.14+7.95(Z”—0-4)X(Zn—o.4) [6]

0.4 0.4

Figure 5 - Response surface of L* as a function of: a) MSG and Zn; b)
NH,; and Zn.

Color space systems, such as Hunter CIELAB, are
commonly applied to assess color properties related to
visual responses. In our study, the L, a and b followed by
asterisks (*) belongs to a tridimensional CIELAB system
that is different from Hunter's. L*, a*, and b* relationships
are nonlinear and simulate response of the eye. As a
consequence, any perceptual color differences are
correlated to the Euclidean distance between two colors
in the L*a*b* space. Furthermore, characteristics of
extracts, as shown in Table 3, prove that higher pigment
production together with best color quality (Pr= 3.9, Ay =
0.88, a*/b* = 1.29 and L = 46.3) was achieved in

© Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved.

experiment 11, with intermediary Zn and higher NH,
levels.

For industrial purposes, it is important to increase the
overall pigment production as well as to selectively
increase the proportion of red pigments. To verify the best
conditions with which to obtain both high pigment
production and adequate color characteristics, a Box-
Behnken experimental design was applied. This factorial
design approach presents the advantage of being able to
show interactions between variables and reducing the
number of experiments.

The culture media used was based on the nutrients
employed in a large number of studies concerned with
Monascus liquid fermentation. Commonly used media
were composed of glucose, peptones, methionine,
NH4NOs, K,HPO,4, KH,PO4 MgSO4, KCI, FeSO4 ZNnSOy,
MnSO,;, monosodium glutamate, aminoacids and
dicarboxylic acids (28, 30), Based on a literature survey
and on our preliminary experiments using several
combinations of these nutrients, agitation and aeration,
the culture media chosen was composed of rice flour at a
concentration of 30 g/L, peptone 9 g/L, glycerin 30 g/L,
glucose 110 g/L, MgS0,4 1 g/L, KNO; 2 g/L at a pH of 6.5.
Both anaerobic conditions and monosodium glutamate
were found to reduce the citrinin production (22).
Ammonium stimulated the cell growth and zinc increased
the red pigment production (15). The fermentation was
performed at 37°C with moderate stirring but without
aeration. Zinc sulfate, ammonium and monosodium
glutamate were used as additives in varying
concentrations  according to the Box-Behnken
experimental design.

The increase in Monascus pigment production in
submerged culture due to low zinc content in culture
media was first reported (15). The authors also observed
an increase in pigment production in solid state
fermentation with zinc addition. In both cases, the
pigment production decreased above a certain value of
zinc addition, and the optimum zinc concentration for
submerged culture was 5 x 10" M. In our study, the
weight of zinc sulfate added to the fermentation media
corresponded to zero (level -1), 1.39 x 10> M (level 0) and
2.78 x 10° M (level +1). The value of zinc content for
optimum pigment production in our experiments could be
obtained by direct derivation of Equations 3 and 4. This
derivation resulted in ZnSO, values of 0.47 g/L (1.63 x 103
M) and 0.46 g/L (1.60 x10® M) for Pg and Py, respectively,
which indicates that maximum productions of both red
and total pigment could be achieved at approximately the
same Zn concentration.

4. CONCLUSION

Based on the optical densities observed at 400 and 500
nm, as well as on color space characterization for all 15
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experimental conditions, red pigment production was
increased in the substrates with intermediary
concentrations of zinc and higher concentrations of
ammonium. Moreover, the color quality, as indicated by
L*a*b* color space measurements, was also improved by
the addition of zinc. However, it is important to note the
quadratic effect of zinc concentration, e.g., excessive
amounts of this mineral may cause a decrease in both
pigment production and color quality. This result is quite
important because the quadratic effect of zinc was not
reported before and it demonstrates the feasibility of high
pigment production in submerged culture. In the work
reported here, the red pigment production achieved was
close to values reported in the literature for solid-state
culture. The high costs and the difficulties of obtaining
pure pigments in solid cultures makes the submerged
culture an alternative strategy to improve industrial scale
production of Monascus pigments.
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