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The objective of this study was to determine the effect of pH on the growth rate and production of pigments by
Monascus ruber from maltose syrup residue as a substrate. The cultivations were carried out in solid and sub-
merged media under different pH conditions. The highest radial growth rate occurred when the Monascus ruber
was cultivated at pH 6.5 and the production of yellow pigments occurred at low pH values (2.0 and 2.5), whereas
the production of orange pigments occurred at pH 3.0 and 3.5 and that of red pigments when the fungus was
cultivated above pH 4.0. The results showed that the pH value had a significant influence on the radial growth

rate and production of pigments, and especially on the profile of yellow, orange and red pigments when culti-
vated in a medium containing maltose syrup. Maltose syrup was shown to be a potential substrate for the
production of pigments by Monascus ruber, potentiating the use of byproducts from the syrup processing industry

to produce microbial pigments.

1. Introduction

Colors are added to foods to restore the original appearance affected
during the processing, storage, packaging and distribution steps. Thus
natural pigments are widely employed in foods due to their great im-
portance in increasing product acceptance, substituting potentially
prejudicial synthetic pigments (Hilares et al., 2018; Lv et al., 2017).

One alternative way of producing natural food dyes is the applica-
tion of biotechnological tools. Different species of bacteria, fungi, yeasts
and algae can produce pigments such as carotenoids (Chac6n-Ordonez
et al., 2017), melanins, flavins, quinones (Dufossé et al., 2005; Marioa
et al., 2016), and, more specifically, monascines (Biihler et al., 2013;
Lee et al.,, 2016), amongst the molecules produced. In addition the
secondary metabolites produced by some fungi are extremely important
and present an economic impact, such as the natural pigments produced
by the Monascus purpureus and Monascus ruber, Blakeslea trispora (Wana
et al., 2016; Wanga et al., 2017), Penicillium sp. (Dominguez-Santosa
et al., 2017; Long et al., 2017) and Aspergillus sp. (Dasan et al., 2017).

Monascus species are traditionally used to produce food dyes, fer-
mented foods, alcoholic beverages, rice, frankfurters, meat and vege-
tables in countries such as China, Taiwan, Thailand, Japan, Indonesia
and The Philippines (Ning et al., 2017). Apart from the pigments, sec-
ondary metabolites such as monacolin K, citrinin and antioxidants are
also produced (Wu, 2015). Monacolin K revolutionized the treatment of
cholesterol, since it is a competitive inhibitor of HMG-CoA reductase (3-
hydroxy-3-methylglutaryl-coenzyme A) the determinant enzyme in
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cholesterol synthesis (Zhang et al., 2018).

Monascus produces six main pigments which can be divided into
orange, yellow and red pigments (Yuliana et al., 2017). The formation
of pigments occurs as from the condensation of 1 mol of acetate with
5mol of malonate, leading to the production of the chromophore
hexacetide in the cytosol via the multi-enzyme complex polyketide
synthase. The medium chain fatty acids, such as, for example, octanoic
acid, are synthesized via the fatty acid metabolic route and bind to the
chromophore structure by way of a transesterification reaction, pro-
ducing the orange pigment (monascorubrin - Cy3H60s or ru-
bropunctatin - C5;H»,05 in transesterification with octanoic acid). The
reduction of the orange pigment monascorubrin gives rise to the yellow
pigment (ankaflavin - Cy3H300s or monascin - Cy;HpsOs to ru-
bropunctatin). The red pigments (monascorubramine - C53H>,NO,4 and
rubropunctamine - Cp;H»3NO,4) are produced by the reaction of the
orange pigment with compounds containing NH, (Aboyibor et a.,
2018).

The production of Monascus pigments is related to various factors,
such as the type of fermentation, solid or submerged, the microbial
species, the pH value, the nitrogen sources, the carbon source and nu-
trients, temperature, dissolved oxygen and aeration (Zhang et al., 2015;
Kang et al., 2013). Of these factors, the pH has been defined as the
potential that influences the production of pigments by Monascus sp.,
pH values close to neutrality leading to the formation of red pigments
or red-derived pigments. It has also been reported that the use of a rice
medium with the pH controlled at 3.0 results in the production of

Received 22 January 2019; Received in revised form 4 February 2019; Accepted 17 March 2019

Available online 19 March 2019
1878-8181/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/18788181
https://www.elsevier.com/locate/bab
https://doi.org/10.1016/j.bcab.2019.101101
https://doi.org/10.1016/j.bcab.2019.101101
mailto:francielo160679@ufg.br
https://doi.org/10.1016/j.bcab.2019.101101
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bcab.2019.101101&domain=pdf

C.E.D. de Oliveira, et al.

yellow pigments, and a rice medium with neutral pH in the formation of
red pigments (Shi et al., 2015). In addition the substrate also stands out
in microbial development, the ideal substrate being that which provides
all the nutrients necessary for the optimal functioning of the fungi (Xu
et al., 2006).

The use of agro-industrial residues from the food industry could be a
great opportunity to reduce the costs of these pigments. Quantitatively
maltose syrup is the main byproduct of the grain malting process par-
ticularly that of barley, and commercially by starch hydrolysis, cata-
lyzed by specific enzymes, using f-amylase from Bacillus species, al-
though the -amylase from barley, soybean or sweet potato seeds can
also be used (Cereda and Vilpoux, 2003). When discarded in the en-
vironment they constitute a problem, since they contain elevated car-
bohydrate contents, resulting in a high chemical oxygen demand
(Cordeiro et al., 2012). Thus the present study aimed to re-use this agro-
industrial residue to manufacture the natural pigments produced by
Monascus ruber CCT 3802 in solid and submerged cultures under dif-
ferent pH conditions.

2. Material and methods
2.1. Microorganism

Monascus ruber CCT 3802 was obtained from the André Tosello
Culture Collection (Campinas, SP, Brazil) and maintained in malt ex-
tract agar (MEA) (50 g L™ 1) (Nuclear, Sdo Paulo, Brazil). Agar slants in
test tubes and Roux bottles sterilized at 121 °C for 15 min were in-
oculated, incubated at 30 °C for 7 days and then maintained at 4 °C.

2.2. Cultivation in a solid medium

The solid culture medium was obtained by mixing (MEA) (50 gL~ D)
with 5gL~! maltose syrup (containing 70.0gL~' maltose and
2.23gL™' glucose) donated by the company Instituto de Fosfatos
Bioldgicos (Goidnia, GO, Brazil). The culture medium was autoclaved at
121 °C for 15 min, cooled, and the pH value adjusted to the range from
2 to 7 with 10% m/v HCl or NaOH using a previously calibrated Mettler
Toledo pH-meter (Brasilia, DF, Brazil). While still liquid, the medium
was poured into 100 mm Petri dishes. After solidification, the culture
media were inoculated with a spore suspension was prepared by adding
three loopfuls of Monascus ruber to 1 mL of 0.2% (w/v) bacteriological
agar, previously autoclaved at 121 °C for 15 min. The inoculations were
done using a 1.4 mm diameter micropipette with a sterile tip, immer-
sing the tip in the suspension and transferring to the solidified medium.

After inoculation, three radii were drawn on the bottom of each
Petri dish passing through the inoculation point, and the plates in-
cubated in a BOD chamber at 30 °C. Every 24 h, the diameters of the
colonies were measured, and the radial growth velocity estimated from
the linear regression of the evolution of the radii of the Monascus ruber
colonies as a function of cultivation time (Equation (1)).

r(t)=Vee. t+a 1

Where r(t) is the radius of the colony (mm); a is the linear regression
constant, corresponding to the radius of the inoculator (1.4 mm); Vg is
the velocity of radial growth (mm h™Y) and t the cultivation time (h).
Each experiment was repeated 5 times.

2.2.1. Pigment

At the end of the measurements of radial evolution as a function of
cultivation time, the Monascus ruber CCT 3802 colonies, cultivated in
different pH values, were scraped from the agar surface and placed in
250 mL conical flasks containing 30 mL of 95 °GL ethyl alcohol. The
flasks were incubated at 40 °C for 2h in a thermostatically controlled
water bath (Spencer, SP, Brazil) with agitation at 100 rpm. The contents
were then filtered through Whatman n° 1 qualitative filter paper
(Madiston, England) and the filtrate containing the pigments submitted
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Fig. 1. Evolution of the radii of the Monascus ruber CCT 3802 colonies culti-
vated under different pH conditions.

Table 1

Radial growth velocity, equation for the radius of the Monascus ruber CCT 3802
colonies as a function of culture time, determination coefficient R? and visual
aspect of the colonies cultivated under different pH conditions.

pH Vrg (mm h™1) Regression equation R? Visual aspect
2.0 0.0434 = 0.051¢ r=0.0434t + 1.4 0.9788 Yellow
2.5 0.0646 =+ 0.002° r=0.0646t + 1.4 0.9898 Yellow
3.0 0.0721 * 0.004% r=0.0721t + 1.4 0.9799 Orange
3.5 0.0800 * 0.002*® r =0.0800t + 1.4 0.9857 Orange
4.0 0.0804 + 0.007*® r=0.0804t + 1.4 0.9842 Red
4.5 0.0808 + 0.003*® r=0.0808t + 1.4 0.9962 Red
5.0 0.0839 * 0.003*® r=0.0830t + 1.4 0.9882 Red
5.5 0.0830 * 0.002*® r=0.0839 + 1.4 0.9943 Red
6.0 0.0840 + 0.007* r = 0.0850t + 1.4 0.9956 Red
6.5 0.0888 =+ 0.002% r=0.0888t + 1.4 0.9834 Red
7.0 0.0883 + 0.002% r=0.0883t + 1.4 0.9987 Red

Vre: Radial growth velocity; r: colony radius (mm); ¢ time (h). Means followed
by the same letter in the same column do not differ significantly according to
Tukey's test at a level of significance of p < 0.05).

to analytical determinations on spectrophotometry (Cirrus 80,
Piracicaba, SP, Brazil) at 410 and 510 nm for yellow and red pigments,
respectively; whereas the solid part was submitted to a determination of
the biomass.

2.2.2. Determination of biomass
The biomass retained by the filter paper was autoclaved at 121 °C
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Fig. 2. Scanning spectrum of the pigments produced by Monascus ruber CCT
3802 cultivated under different pH conditions.

for 15 min in conical flasks containing 30 mL of distilled water, and the
colonies separated, dried and weighed on an analytical balance.

2.2.3. Scanning spectrophotometry

The pigments produced by the cultures under different pH condi-
tions were submitted to scanning spectrophotometry (Cirrus 80,
Piracicaba, SP, Brazil) in the range from 350 to 550 nm (Vendruscolo
et al., 2016).

2.2.4. Determination of the color parameters

The color parameters of L* (luminosity - pure white to pure black),
a* (intensity of green (—) and red (+)) and b* (intensity of blue (—)
and yellow (+)) were determined by a direct reading of the total
transmittance using a ColorQuest XE Minolta colorimeter (Brasilia, DF,
Brazil) according to the methodology proposed by Savadkoohi et al.
(2014). The saturation index or chroma (C*) and the angular hue angle
(h°), were determined from equations (2) and (3), respectively:

C* = /(a #* + bx?) 2

he = tan‘l(b—*)

as

(€))
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Fig. 3. Visual aspect of the Monascus ruber CCT 3802 cultivated under different
pH conditions.

2.3. Submerged cultivations

2.3.1. Culture medium

The submerged cultures were carried out in 250 mL conical flasks
containing 120 mL of a culture medium containing, per liter: 5g gly-
cine; 5g Ko;HPOy; 5g KH,oPO,4; 0.1 g CaCly; 0.5g MgSO47H,0; 0.01 g
FeSO47H,0; 0.01 g ZnSO47H,0 and 0.03 g MnSO4H,0.

2.3.2. Inoculation and culturing

The previously sterilized culture medium was inoculated with 10%
(v/v) of a spore solution containing approx. 4 X 10° spores mL™ . The
pH was adjusted to the range from 2.0 to 7.0 using a Mettler Toledo pH-
meter (Brasilia, DF, Brazil) using 10% NaOH and HCl (m/v) solutions
(A.0.A.C., 2012) and the flasks incubated in a Tecnal shaker TE 421
(Sao Paulo, SP, Brazil) at 30 °C with agitation at 120 rpm. The mean
culture time was 192h, and an aliquot of 15 mL was removed every
24 h for the following analyses: biomass, reducing sugars in maltose,
pigments and the color parameters.

2.3.3. Determination of the substrate, biomass and pigments

Aliquots of 15 mL were removed every 24 h and filtered through
Whatman n° 1 quantitative filter paper (Madiston, England). The bio-
mass was quantified by weighing and the filtrate used to quantify the
reducing sugars by the 3,5-dinitrosalicylic acid method (Miller, 1959)
and quantify the pigments on spectrophotometry (Cirrus 80, Piracicaba,
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Table 2

Color parameters of the pigments produced by Monascus ruber CCT 3802 cultivated under different pH conditions in solid culture.
pH Color

L* a* b* c* h°

2.0 71.11 + 0.08% 26.48 + 0.39 115.8 * 0.09* 118.72 * 0.01% 77.11 + 0.19°
2.5 65.1 + 0.36" 35.69 + 0.02" 110.06 + 0.01° 110.37 + 0.09° 71.13 + 0.01°
3.0 5.36 + 0.55° 44.73 + 0.078 59.43 + 0.33° 74.38 + 0.308 53.03 * 0.11°
35 51.66 + 0.16¢ 50.57 + 0.41° 51.25 + 0.28f 82.02 + 0.49" 45.38 + 0.07¢
4.0 38.83 + 0.10" 63.39 + 0.01° 57.78 + 0.15¢ 85.77 + 0.11¢ 42.34 + 0.07°
4.5 48.29 + 0.07° 57.88 + 0.01° 46.28 + 0.22' 74.10 + 0.158 38.64 + 0.12"
5.0 47.55 + 0.45° 58.58 + 0.434 51.13 + 0.14f 77.45 = 0.42° 41.11 + 0.13°
5.5 46.73 + 0.70° 60.48 + 0.39" 49.43 + 0.498 78.10 + 0.61° 39.25 + 0.09%
6.0 45.75 + 1.298 61.50 + 0.24° 54.34 + 0.31° 76.28 + 0.38¢ 41.46 * 0.05
6.5 4598 * 2.17° 59.47 + 0.43 47.78 + 0.15" 76.28 + 0.43° 38.77 + 0.11"
7.0 47.92 + 0.07¢ 58.86 + 0.114 46.82 = 0.07M 75.21 + 0.13% 38.50 + 0.01"

L*: luminosity (pure white to pure black); a*: intensity of green (—) and red (+); b*: intensity of blue (—) and yellow (+); C*: chroma; h°: hue angle. Means followed
by the same letter in the same column do not differ significantly according to Tukey's test at a level of significance of p < 0.05).

SP, Brazil) at 410 and 510 nm for yellow and red pigments, respectively
(Vendruscolo et al., 2016).

2.3.4. Thermal stability

The thermal stability of the pigments was determined in a 500 mL
jacketed glass reactor containing 200 mL of the pigment solution with
the absorbance adjusted to approximately 1.0 unit of absorbance at 510
and 410nm (~1.0 AU,,). The temperature was controlled by circu-
lating the water as from a Microquimica MQBMP-01 heat controlled
water bath (Palhoca, SC, Brazil) (Vendruscolo et al., 2013). The stabi-
lity was determined in the range from 50 to 90 °C, estimating the
thermal degradation constant (Dc), the half-life (t;,,) and the activation
energy (E,). The thermal degradation constant was estimated using the
first order kinetic model shown in Equation (4).

da

= —Dc. t

dt ¢ (C))
where A was the absorbance (AU410nm OF AUs1onm), t the time (h) and
D¢ the thermal degradation constant (h™hH. Equation (4) can be line-
arized using the contour conditions: A = Ap when t=0 and A=A
when t = t; resulting in Equation (5).

A
IH(XO) = Dc. t (5)

where A is the absorbance at time t (AUsyo nm) and Ay is the initial
absorbance (AUsig nm)- The half-life (¢;,,) was calculated for each
condition studied as from the values for Dc by way of Equation (6)
where A/A, was equal to 2.

In 2
bpp=—

D¢ ©
where t;, is the half-life (h). The energy of activation (Ea) of the pig-
ments was determined using the Arrhenius model according to Equa-
tion (7).

D¢ = D,. e(%) @)

where Ea is the activation energy (Kcal mol '), D, the pre-exponential
factor (h™1), R is the universal gas constant (cal mol ' K™Y and T is
the temperature (K). Equation (8) was obtained by linearizing the Ar-
rhenius model.
E, 1

InDe = - =2, (7) + InD,
T RrR\r 0 6))

The value of the activation energy (Ea) was obtained from the linear
regression of the angular coefficient of the values for the natural
logarithm of D¢ as a function of the inverse of the absolute temperature
(in Kelvin), multiplied by the ideal gas constant (1.987 cal mol~ LK™,

methodology proposed by Vendruscolo et al. (2013).

2.4. Statistical analysis

The analysis of variance (ANOVA) and Tukey's test at a significance
level of 5% (p < 0.05) were used to confirm the arithmetic means,
using the software Statistica 7.1.

3. Results and discussion
3.1. Solid state growth

Fig. 1 and Table 1 show the responses with respect to the evolution
of the radius of the Monascus ruber colonies as a function of culture
time, and also information concerning the visual aspect of the colonies
cultivated at different pH values. It can be seen that the fastest radial
growth velocity was obtained in the culture at pH 6.5 (0.0888 mmh ™ b,
followed by that obtained at pH 7.0 (0.0883 mm h™1), whereas the
slowest radial growth velocity (0.0434 mmh~') was obtained when
cultivated at pH 2.0, clearly showing the influence of the pH value on
the radial growth of Monascus ruber, which also made the visual aspect
vary (Fig. 3). It can be seen that Monascus ruber colonies cultivated at
pH 2.0 and 2.5 showed the formation of yellow pigments, those culti-
vated at pH 3.0 and 3.5 orange pigments, and those cultivated at pH
values above 4.0 produced red pigments.

The radial growth velocities of the colonies cultivated at pH 2.0
were statistically different from all the others (p < 0.05). The greatest
radial growth velocity was obtained when the microorganism was
cultivated at pH 6.5, although it was not statistically different from the
other velocities, except when compared with those obtained below pH
3.0.

Velmurugan et al. (2011) observed that pH was one of the most
important factors in microbial growth and in the metabolic activity of
Monascus purpureus during solid fermentation. It can be seen that fungal
growth was lower at pH 1.0 and 2.0 but the growth velocity was greater
at pH 3.0 and 4.0. Shi et al. (2015) reported that the lowest substrate
pH value used promoted the synthesis of yellow pigments, whereas a
higher pH value resulted in red pigments.

Fig. 2 shows the spectrophotometric scans of the pigments produced
by Monascus ruber, where it can be seen that all the scans presented an
absorbance peak at 400 nm. In the cultures carried out at pH values
above 3.0, the orange and red colors superimposed on the yellow color,
the predominant color being that of the pigment with the greatest
colorific power. The scans of the pigments of the colonies cultivated at
pH 2.0 and 2.5 only presented a peak of the yellow pigment (400 nm),
whereas the pigments produced in cultures at pH 4.0 and above also
presented a peak at 510nm, characteristic of the red pigment.
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Fig. 4. Monascus ruber CCT 3802 cultivated under different pH conditions (a) biomass, (b) substrate and (c) pigments.

Velmurugan et al. (2011) also observed that the cultivation of Monascus
ruber at lower pH values presented peaks at 400 nm and that at higher
pH values presented a peak at 510 nm as well as that at 400 nm.
Table 2 shows the color parameters of the pigments produced under
different pH conditions, the color characteristics of the samples mostly
depending on the color and concentration of the dominant pigment in
the mixture. For cultures at pH 2.0 and 2.5 the yellow pigments were
dominant and the values for luminosity were 71.11 to 65.41, and those
for b x from 115.8 to 110.06, corresponding to the yellow color. For

cultures at pH 3.0 and 3.5 the parameters for L* were from 56.36 to
51.66 and those for b x 59.43 to 51.25, corresponding to a medium
orange color. On the other hand at pH values above 4.0 red pigments
were produced and low amounts of yellow pigments, with values for
a X of 63.39 to 58.86. Shi et al. (2015) evaluated the production of
Monascus pigments under different pH conditions and observed the
formation of orange pigments at pH 2.0 and 4.0, whereas at pH 6.5 red
pigments were produced with only small amounts of yellow pigments
with a hue angle of 22.80, corresponding to dark red, confirming that
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Table 3
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Color parameters of the pigments produced by Monascus ruber CCT 3802 cultivated under different pH conditions (2.0-7.0) in submerged culture.

pH CIELAB Color
L* a* b* c* h°

2.0 73.50 = 0.07% 22.33 + 0.04’ 73.39 + 0.02° 76.77 + 0.39% 73.08 + 0,01°
2.5 63.29 + 0.38° 28.64 + 0.05' 66.27 + 0.07° 72.41 + 0.12¢F 66.64 + 0,07°
3.0 60.81 + 0.07¢ 34.71 + 0.07" 62.38 + 0.40° 71.32 + 0.14% 60.48 + 0,38°
35 59.28 + 0.23¢ 37.66 + 0.078 59.45 + 0.45¢ 70.21 + 0.07% 57.43 + 0.17¢
4.0 57.67 + 0.03° 41.39 + 0.08f 57.56 + 0.02° 71.5 * 0.02f 54.45 + 0.01°
4.5 54.44 + 0.16 50.82 + 0.09° 57.60 + 0.02° 76.66 + 0.01° 48.71 + 0.02f
5.0 54.45 + 0.01f 52.49 + 0.53¢ 53.87 + 0.04 75.37 + 0.04¢ 45,57 = 0.138
5.5 44,72 + 0.06% 56.67 + 0.31¢ 45.82 + 0.098 72.81 + 0.19° 38.76 + 0.03"
6.0 38.88 + 0.14" 66.70 + 0.02° 43.39 + 0.24" 79.61 + 0.04° 33.07 + 0.06
6.5 24.67 = 0.1 75.55 + 0.04° 39.71 = 0.04' 85.47 + 0.03" 27.63 = 0.02
7.0 26.62 + 0.22 67.22 + 0.07° 44.34 + 0.31" 80.41 + 0.12° 33.55 + 0.07'

L*: luminosity (pure white to pure black); a*: intensity of green (—) and red (+); b*: intensity of blue (—) and yellow (+); C*: chroma; h°: hue angle. Means followed
by the same letter in the same column do not differ significantly according to Tukey's test at a level of significance of p < 0.05).
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Fig. 5. Thermal degradation of the red and yellow pigments produced in

Monascus ruber CCT 3802 cultures.

Table 4
D, t;,2 and Ea of the pigments under the different thermal treatments applied.
Pigment Temperature ("C) D¢ (h™%) tz/2 (h) Ea (Kcal
mol 1)
Red 50 0.0008 = 0.022 14.4405 + 0.131 13.735
60 0.0018 = 0.011 6.4180 = 0.210
70 0.0033 = 0.032 3.5007 = 0.122
80 0.0058 = 0.025 1.9918 * 0.023
90 0.0084 = 0.121 1.3752 = 0.162
Yellow 50 0.0327 = 0.001 21.1971 + 0.154 12.851
60 0.0433 = 0.056 16.0080 + 0.002
70 0.1785 = 0.012 3.8831 = 0.230
80 0.2357 = 0.034 2.9408 *= 0.0125
90 0.2851 * 0.022 2.4312 *= 0.1003
0.0
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Fig. 6. Determination of the activation energy (Ea) of the pigments produced
by Monascus ruber CCT.

observed in the present study.

3.2. Submerged fermentation

Fig. 4 shows the results obtained for the submerged cultures of
Monascus ruber under different pH conditions. The culture carried out at
pH 2.0 had the longest lag phase (~72h) with the production of a
yellow pigment, soluble in the culture medium. The cultures carried out
at pH 3.0 and 3.5 produced an orange pigment with low solubility in
the culture medium and the cultures carried out at pH values above 4.0
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produced red pigments.

The existence of differences in the evolution of biomass con-
centration and pigments according to the pH value was verified, and at
the same time the variation in absorbance was visible. Fig. 3 clearly
shows the different colors of the cultures, highly acid values (pH 2.0
and 2.5) producing yellow pigments, intermediate values (pH 3.0 and
3.5) producing orange pigments, and pH values above 4.0 producing
red pigments. These results confirmed the results produced in solid
media. Vendruscolo et al. (2016) observed that changes in the pH of
submerged cultures modified the color of the culture medium in Mon-
ascus ruber CCT 3802 cultures.

Table 3 shows the color parameters of the pigments. Yellow pig-
ments were predominant in cultures carried out at pH 2.0 and 2.5, as in
the solid medium cultures. The L* values of the cultures varied from
73.5 to 63.29 and the b x values from 73.39 to 66.27, corresponding to
a yellow color. The values for L* of the cultures carried out at pH 3.0
and 3.5 were between 60.81 and 58.28 and the values for b x from
62.38 to 59.45, corresponding to a medium to light orange color. The
cultures developed with pH values above 4.0 presented an intense red
color, with values for a X varying from 41.39 to 67.22, values for
b x between 57.56 and 44.34, and values for L* varying between 57.67
and 26.62, corresponding to medium to dark red samples. It should be
pointed out that the increase in pH from 2.0 to 7.0 resulted in a linear
decrease in the hue angles of the cultures from 73.08 to 33.55, corre-
sponding to a change in color from yellow to red, confirming that the
cultures of Monascus ruber in maltose syrup under different pH condi-
tions provided different colors.

Fig. 5 presents the behavior of In (A/A0) versus heat treatment time
and Table 4 the kinetic parameters of D¢ and t;,» of the pigments. It can
be seen that the red pigments degraded quicker than the yellow pig-
ments. Greater stability was obtained at low pH values, since the yellow
pigment was produced in cultures at pH 2.0 and 2.5. These results
clearly showed that the half-life of the yellow pigment was greater than
that of the red pigment. Linear regression was obtained, demonstrating
that degradation of the pigments followed a first order kinetic model
with a good linear regression coefficient (0.97 < R > 0.99). The same
behavior was observed by Vendruscolo et al. (2013) for the orange and
red pigments of Monascus ruber CCT 3802. Fernandez-Lopez et al.
(2013) evaluated the thermal stability of aqueous solutions of natural
red pigments (elderberry, red cabbage, hibiscus, red beetroot and red
cochineal) in the range from 50 to 90°C and observed that the red
cochineal pigments exhibited the greatest thermal stability amongst the
natural dyes after being submitted to 6 hat 50 °C, with a half-life of
5.52h, demonstrating that the yellow and red pigments of the present
study were more stable to degradation than those reported in the lit-
erature.

Ou et al. (2009) showed that the monocholine K produced by
Monascus in fermented products was more stable in the pH range from
2.0 to 3.0, but as the pH value increased to 11 so the monocholine K
content decreased rapidly, and thus the authors concluded that mono-
choline K was more stable at low pH values, a fact also observed in the
present study.

Fig. 6 showed that the experimental data fitted the Arrhenius model.
When the angular coefficient ~ Ea/R of the linear regression was
multiplied by 1.987 (ideal gas constant in cal mol~* K™%, a value of
13.735 was obtained for the Ea of the red pigment and of 12.85092 for
the yellow pigment (Table 4).

The studies carried out by Levenspiel (1986) pointed out that re-
actions with high activation energies were much more sensitive to
temperature, and that the Arrhenius model was the first adequate ap-
proximation to determine the effect of temperature on the kinetic
equation, and also fitted the experimental results well in a wide tem-
perature range, a behavior also verified in the present study.
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4. Conclusions

Maltose syrup was shown to be a potential substrate for the pro-
duction of pigments by Monascus ruber CCT 3802, potentiating the use
of byproducts from the syrup processing industry to produce microbial
pigments. The pH value exerted a significant influence on both the
radial growth velocity and the production of pigments by Monascus
ruber, making it possible to obtain different pigments as a function of
the culture pH value. Both the pigments produced were resistant to heat
treatment, such that they could be added to products submitted to heat
treatment.
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