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Abstract

Considering the advantages of natural colors over artificial colors, extracting color from
microorganism sources is beneficial to mankind. Monascus purpureus is a microscopic color-
producing fungus belonging to the Monascus family and the most famous mushroom for producing
red, orange and yellow pigments. Monascus mushroom has many properties and uses, including
food preservative, coloring, flavoring and cholesterol lowering. In general, the purpose of
conducting this research is to cultivate and produce pigment from Monascus purpuras mushroom
by submerged culture fermentation method and then investigate and compare the effect of five
parameters (PH, type of carbon source and its concentration, nitrogen source concentration and
surfactant concentration) on it is pigment production. This research was conducted in the form of
response level and data analysis in the form of 38 tests with different values by Design expert
software. After conducting the experiments for ten days at a temperature of 30 degrees Celsius and
a revolution of 150 rpm, they were affected by 5 different parameters inside the shaker incubator.
After 10 days, the pigments were measured. The results showed that the highest concentration of
pigment production was created when pH = 5, the carbon source was wheat starch with a
concentration of 18 g/l, nitrogen concentration of 3 g/l and surfactant concentration of 5 g/l, in
which case the highest amount of production The pigment was 15.089 g/l and the lowest at pH=7,
the corn starch source was with a concentration of 16 g/l, nitrogen concentration of 3 g/l and
surfactant concentration of 15 g/l with a pigment production rate of 8 g/I.
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Introduction

One of the most important qualitative properties
of the appearance of the product that can be seen
by the consumer first is the color. Color is one
of the factors that is received through the sense
of sight and is effective in attracting attention
and choosing food. According to the FDA (US
Food and Drug Administration) definition, the
so-called food color is: "A color additive
includes any color, pigment, or other matter that
is made by the process of synthesis or similar
methods, or from a plant, animal, The mineral
and other sources or intermediates have been
extracted, isolated and derivatized and when
used for food, medicine, cosmetics or any other
part, it can cause and add color to it" which is to
create color in Food, drink and cosmetics for
human consumption will be added to them.
According to this definition, dyes are divided
into two categories with a license for
consumption (colors of natural origin, meaning
that a license is required for edible
consumption) and without a license for
consumption (used for dyeing fabric and
carpets, meaning that a license is not required
for consumption). Are divided Due to the
sensitivity of some artificial colors in food, such
as azorobin or tartrazine, their use in various
food industries has been limited [Pattanagul et
al.,, 2008]. Some artificial colors have
carcinogenic and mutagenic effects, for
example, the color used in the meat industry
causes the formation of nitrosamine, which is a
combination of nitrate and nitrite and is formed
with an amine agent [Dikshit and Tallapragad,
2013].

Natural colors are the result of two important
sources of plants and microorganisms. Dyes
obtained from fungal sources have many and
very important applications in the nutrition and
economy of human society [Surawut, et al.,
2021]. Allowed edible and natural pigments of
plant origin have many problems such as
instability to light, heat, low or high acidity, low
solubility and often lack of easy access
throughout the year [Mehrabi and Hekaran,
2010]. The reason for the natural production of
coloring agents from microorganisms and some
pigments  produced  from Monascus,
Streptomyces, Seraita is of interest: because
pigment production from microorganisms due
to fast and easy growth, easier extraction, cheap
culture medium, lack of dependence on
atmospheric conditions and expansion Color
diversity has more advantages than other
biological sources. Monascus mushroom can be
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used as a food color by producing non-toxic
pigment. The pigments extracted from this
mushroom have a wide range of biological
activities such as anti-cancer, anti-microbial and
anti-fungal properties in addition to their coloring
properties, and also have the ability to produce a
variety of colors from yellow to red
[Vidyalakshmi, 2009]. Pigments synthesized by
Monascus are traditionally used in Asia to color
and preserve canned foods, such as red soybean
curd, meat, and vegetables. The growth, amount
and types of secondary metabolites of mushrooms
can be directly or indirectly affected by the culture
medium and culture method. In order to maintain
the productivity and maximize the Monascus
pigment, the cultivation conditions should be
optimized. Many measures such as genetic
manipulation, change in pH [Orozco and Kilikian,
2008], oxygen [Pereira et al., 2008] and various
nutritional elements [Sabri and Hekaran, 2010]
are performed to increase the pigment and
biomass weight.

Pigments have been used in food since ancient
times for coloring, increasing appetite and
attracting customers. However, now most of the
food and cosmetic manufacturers of third world
countries use artificial colorants, most of which
are toxic and carcinogenic, to attract consumers.
For this reason, natural pigments from plants,
animals and microorganisms attract attention
among people. Currently, microbial pigment
production is one of the emerging fields of
research in food, cosmetic and textile industrial
applications [Sharmin Suraiya et al., 2018]. The
new found awareness of human safety and
environmental preservation has a renewed interest
in natural sources of dyes. It is believed that
natural dyes or dyes obtained from plants and
animals in nature are safe and non-toxic, non-
carcinogenic and degradable [Wagh and Mane,
2017]. Despite the popularity of plant-derived
pigments, pigments produced by microorganisms
have a promising potential to meet today’s
challenges. Monascus species are known to
produce an edible pigment and are very safe
[Abdel Khafar, et al., 2022]. Monascus pigments
not only increase the marketing of the product, but
also have various biological activities such as
anti-inflammatory, anti-tumor, antioxidant and
regulating cholesterol properties [Daud et al.,
2020]. Natural pigments have good potential to be
used as colorants in food and cosmetics [Farhan
et al., 2014]. A lot of evidence shows that the
yellow pigments in Monascus are beneficial to
human health in appropriate doses and may even
be used by the food and pharmaceutical industries
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[Meihua Wang et al., 2016]. Some artificial
colors contain possible colon carcinogens, and
people are concerned about the health effects of
artificial colors, especially in food, clothing,
cosmetics, and  pharmaceuticals.  This
encourages interest in creating non-toxic dyes
and expanding sources of natural pigments. The
market of natural colors began to grow. The
market price of natural dyes is high due to their
low production level. There are several other
problems such as lack of stability or
dependence on pH. Researchers proposed to
overcome these obstaclesthat microorganisms,
including bacteria or fungi, should be
developed and used as alternative sources of
natural pigments [Brahma, et al., 2022].
Filamentous fungi are known to produce
various secondary metabolites that are
beneficial to humans [Young Mok Heo et al.,
2018]. Factors affecting the growth and
production of pigment are as follows: culture
medium, temperature, presence of oxygen and
aeration, pH, nitrogen source, rheology of
culture medium and morphology [Rose Marie
Meinicke Bihler et al., 2015]. Pigments come
in a variety of colors and some of them are
water soluble. For this reason, many of these
compounds have been produced, isolated and
characterized [Alejandro MENDEZ et al.,
2011]. The use of food colors as additives in the
food industry to determine the acceptance of
processed food is one of the important
production and consumer factors. It is likely
that many consumers are not aware of the exotic
sources of some of the currently permitted so-
called natural dyes [Iffat Sayyed and Devipriya,
2015]. East Asia has been used to prepare rice
wine, soy cheese and red rice (Anka) [Pisareva
and Kujumdzieva, 2010]. Based on cultivation
characteristics, 9 species of Monascus have
been recognized internationally. These are M.
pilosus, M. ruber, M. purpureus, M. floridanus,
M. eremophilus, M. pallens, M. sanguineus, M.
lunisporas and M. argentinensis. However,
more than 20 species of Monascus have been
recorded since the introduction of the genus
Monascus in 1884 [Dikshit Rashmi and
Tallapragada Padmavathi, 2013]. Monascus
species are an important source of natural food
pigments. Currently, more than 50 patents on
the use of Monascus pigments in food have
been issued in Japan, the United States, France,
and Germany [Hassan Hajjaj et al., 2012]. The
main question about the safety and usefulness
of food colors using Monascus pigments is their
possible contamination with mycotoxins and
citrinin, which can be produced together with
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pigments [Matej Patrovsky et al., 2017].
Monascus is known to produce at least six
pigment molecular structures, which can be
classified into three groups depending on their
color [Chuannan Long et al., 2019]. Among the
pigments produced by Monascus, red pigment
(monascorobamine and rubopunctamine) is in
high demand, especially when produced in red
rice, red pigment has potential for therapeutic use
[Gunjan Mukherjee et al., 2011].

Monascus pigments are mainly produced in cell
attachment, have low water solubility, are
sensitive to heat, are unstable in the pH range
from 2 to 10, and fade when exposed to light
[Hassan Hajjaj et al., 2012]. Monascuses produce
various biologically active compounds such as
enzymes, lipids, organic acids, pigments,
monaculins and methylketones [Pisareva and
Kujumdzieva, 2010. They have many advantages
such as easy production on pressure-free
substrates, good solubility in water and ethanol,
bioactive metabolites. They have countless during
production and are completely safe under certain
conditions [Francielo Vendruscolo et al., 2016].
Monascus is not approved for use as a food
additive in the European Union or the United
States, although it is currently permitted in Japan.
Monascus pigments were used as coloring
materials in the preparation of sausage, ham, fish
and tomatoes [Mohan Kumari et al., 2011]. At
different stages of the life cycle, light can be
stimulatory, inhibitory or regulatory, and some of
the effects reported as a result of light exposure
include suppression of spore release [Hilares et
al., 2017]. Monascin (MS) and Ankaflavin (AK)
are two the classic yellow pigment is produced by
Monascus. MS and AK have anti-cancer, anti-
inflammatory [Zhu et al., 2019], anti-obesity and
anti-diabetic properties, and at the same time, they
regulate blood cholesterol levels [Rose Marie
Meinicke et al., 2012]. Fungi have been reported
as strong pigment producing microorganisms
[Velmurugan et al., 2009]. Filamentous fungi are
readily available raw materials that can provide
microbial cell factories for the production of food
pigments due to their chemical and color
versatility in pigment profile, easier production on
a larger scale, and a long history of well-known
production strains. The production of other types
of biochemicals, including dyes, microorganisms
belonging to the genus Aspergillus and
Penicillium have also been studied as potential
producers of natural pigments. Recently, the
production of Monascus-like pigments from
Penicillium strains with potential use in the food
industry has been reported [Majid Afshari et al.,
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2015], these pigments have potential use in the
food industry because they are not related to
citrinin production. They are homologues of
Monascus pigments, which have
polykidophores similar to the chromophore,
and of the fungal species Epicoccum nigrum,
which produce yellow pigments [Alejandro
MENDEZ et al., 2011]. Monascus purpurues is
a hemothallic fungus. The most important
feature of this fungus is the ability to produce
secondary metabolites of polypeptide structure.
Therefore, the development of low-cost
processes is required. So far, several materials
such as jackfruit seed powder, sesame oil cake,
coconut oil, wheat bran, date kernel cake and
grape waste have been studied as substrates in
solid state fermentation (SSF) [Pongrawee
Nimnoi and Saisamorn Lumyong, 2011].
Acrtificial yellow pigments allowed for use in
food processing are limited to tartazine. The
health toxicity of both pigments is currently still
in question, while natural yellow pigments from
animals, plants or microorganisms have
received more favorable attention in recent
years. It produces yellow pigment in immersion
culture using wheat starch and soybean flour as
the main substrates [Xijun Lian et al., 2014].
Among microbes, bacteria have a high potential
to produce various pigments. A variety of
growth media can be used to produce pigments,
but they are expensive, so they cannot be used.
Agricultural waste can reduce the cost of
fermentation for pigment production and
increase the production of red pigment [Wagh
and Mane, 2017]. There are different types of
pigments in the Monascus product, some of
which are still unknown [Gunjan Mukherjee
and Sanjay Kumar Singh, 2010]. Some natural
substrates that have already been tested, in
addition to rice and other grains, are wheat
starch, wheat bran, wheat meal, bread meal,
cornmeal, and dairy milk. Currently, several
companies are selling powdered and fermented
dried rice products as a food ingredient and as a
food supplement with the ability to lower
cholesterol levels, and others are selling the
dried product or pure extracts as food coloring.
They sell [Sumathy Babitha et al., 2006].
Microorganisms provide a readily available
alternative source of naturally derived
pigments. In addition, pigments produced by
microorganisms are of industrial interest due to
the fact that the microorganism can grow
rapidly under controlled conditions, resulting in
high productivity and product availability
throughout the year, and batch changes to it
minimizes a batch [Thiyam Generaetal., 2013].
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The function of fungal pigments increases their
value. In particular, pigments with high
antioxidant activity are very useful and easily
used in food and cosmetic industries [Young Mok
Heo et al., 2018]. Synthetic dyes cause dangerous
effects on the environment, human health,
animals and plants because they are formed from
a petrochemical source through a dangerous
chemical process. Also, they are non-
biodegradable, renewable, and have a high single-
use problem. Natural colors are always potential
alternatives to artificial colors [Jyoti Chauhan et
al., 2020]. My best Different carbon sources were
glucose, sucrose and starch used for Monascus.
The best growth is generally observed in glucose
[Rose Marie Meinicke Buhler et al., 2015].
Industrial use of agricultural products attracts a lot
of attention due to its high nutritional value and
low cost. Crops and by-products of agricultural
processes have been used as substrates for the
production of various biological products,
including pigments, biopolymers, organic acids,
solvents and enzymes. Sweet potato is an ideal
source of glucose for several industrial
applications because it contains 20-30% starch
[Prateek Srivastav et al., 2015]. The composition
of pigments varies significantly depending on the
type of nutrients available such as nitrogen
sources and the strain used. Therefore, prior to
pigment isolation, it is important to optimize
various physical and nutritional parameters for
maximum culture growth and pigment production
by M. perpureus in immersion fermentation
[Gunjan Mukherjee and Sanjay Kumar Singh,
2010]. BSG is the most important waste produced
by factories and water catchments, it includes
85% of the total waste produced in beer
production. Because BSG is cheap and abundant,
these properties contribute to economics in any
process that uses this waste biomass. Therefore, it
will be beneficial to use BSG as a substrate for
pigment production [Selim Silbir and Yekta
Goksungur, 2019]. The highest amount of
pigments used to enhance the light pink color is
due to insufficient meat consumption in sausage
[Xijun Lian et al., 2014]. Monascus pigments do
not cause any allergic reactions and are not
dangerous to health. In addition, in the food and
beverage industry, these pigments have been used
as preservatives due to their antimicrobial
properties and also to increase the level of
platelets in hemorrhage (DHF). ) are used
[Sharmin Suraiya et al., 2018.[

Monascus mushroom has been well introduced
for a long time in Asian countries, especially in
Korea, China, Indonesia, Japan, Thailand, and the
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Philippines, which are mainly associated with
the production of Monascus fermented rice.
Monascus Fermented Rice or RYR has been
introduced under different names, for example,
Honggu in China, Benny-Koji in Japan and
Ancak in the Philippines, which are mostly food
colorings that have beneficial effects on human
health, especially its beneficial effects that
promote digestion. And it also helps to deal
with cardiovascular diseases.

Red koji (red rice is usually used for Monascus
fermentation substrate) was used in food
fermentation as a source of hydrolytic enzymes
and active fungi, which products such as red
rice vinegar, red rice wine, fermented tofu (sofu
tofuyo) or sauce Fish (e.g. begong) have been
produced by this method. The effect of red rice
is mostly due to the presence of monacolinca, a
statin with a similar structure to lovastatin
(movinolin), which works together with other
compounds in red rice (pigments, various
monacolins).

In order to control its harmful effects, the
permissible limit of using citrinin in Monascus
pigments in China and Japan is 0.1 and 0.2
mg/kg, respectively [Feng et al., 2012].

Monascus mushroom has been enthusiastically
studied in Asian countries, especially in Japan
and China, unfortunately, not all the results of
Asian researchers have been published in
English, and because of this, non-native people
have been deprived of this information. The
genomes of three of the most famous species of
Monascus piloses, Raber and Purpureus have
been sequenced recently [Yang et al., 2015;
Chen et al., 2015], which has provided the
possibility to know more about the physiology
of Monascus and reveal new approaches to
improve the principle of this fungus.

In the meantime, colors of fungal origin
(including Monascus purpureus colors) not only
have wide and very important applications in
the economy of human society, health and
nutrition, but they are able to generate about 30
billion dollars per year in the process of
commercial industry. The variety of colors in
mushrooms reaches more than 1,000, which are
not found in other organisms or are present in a
very small amount, which can be referred to the
specific colors produced by specific strains of
Monascus mushroom. The colors produced by
this mushroom have been used since 2800 years
ago in Southeast Asian countries, especially in
China, due to their edible, hygienic, cosmetic
and medicinal values [Sarmi et al., 2008].
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So far, more than 200 strains of the Monascus
genus, whose colors have been isolated for
various health, food, cosmetic, medicinal, etc.
uses, have been registered in Asian, European,
and American countries (United States
Trademark and Exclusive Copyright Office). Due
to the high amount of alpha-amylase, this fungus
has the ability to change starch to glucose and has
been used as a process starter (promoter) in
fermentation factories [Malik et al., 2012].

The availability and cheapness of its raw material
(rice) and the appropriate efficiency of color
production are the advantages that have caused
global acceptance for the use of these colors. The
production of this paint in Jajie Company in
Shanghai, China is 3000 tons per year. Also, in
1992, 600 tons of this paint worth about 1.5
million dollars were produced and sold in Japan.

In 1994, about 700 tons of this color were used in
China. In general, according to average statistics,
the consumption of this color per person per day
in Asia is about 14 to 55 grams. According to the
explanations given, many companies in Asia are
producing it due to the high consumption of these
colors (on a scale of 5000-2000 tons).

Materials and methods

Preparation of  Monascus

mushroom strain

purpureus

The desired strain of Monascus purpureus was
obtained from Iran Scientific and Industrial
Research Organization.

Tools and devices

The tools and devices used in this research are
presented respectively in Table 1:

Table 1: Equipment used for pigment cultivation
and extraction

Model devices and tools
AV413 digital scale
Autoclave 87419
BIOSAFE biological hood
Incubator IP100
Incubator shaker DKSI1060
PH meter 827
Spectrophotometer i3
EBA 20 centrifuge
Avon Memmert
Mushroom cultivation environments

Monascus purpureus can grow in many fungal

culture media such as PDA and MDA. Also,

MEPAG and YPSS culture media are used
2300
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specifically for this fungus. PDA and YPSS
were used in this experiment.

-Preparation and preservation of the main
mushroom

To preserve Monascus purpureus, its
mycelium was cultured on PDA and YPSS
media and incubated in an incubator for 7
days at 30°C. After 7 days, it was taken out
of the incubator Results

Monascus purpureus mushroom cultivation
environments

The method and method of cultivation of solid
mediums has been fully explained in the
previous chapter, in Figure 2 (a) the growth of
this fungus is shown in YPSS medium and part
(b) in PDA medium, after 7 days of their
cultivation inside the incubator, as It is clear in
the figure that it has grown more in the PDA
culture medium than in the YPSS culture
medium. However, due to the high price of
PDA culture medium, YPSS medium was used
to cultivate this mushroom.

Mushroom cultivation in YPSS medium b)
Mushroom cultivation in PDA medium

Pigment extraction

After performing the necessary steps to extract
the pigment, the pigment obtained after 72
hours of drying was as follows. Part (a) of
Figure 3 shows the solid material obtained after
dissolving it with ethanol and centrifuging it
three times. 13.0 grams/liter of dried colored
solid material was obtained, and 10 grams/liter
of this dried material was used to make the
standard solution.

-Experimental design and statistical analysis

Obtaining the optimal percentages of the main
components of the environment can be one of
the ways to produce a high-quality product and
reduce rework. To find the optimal percentage
of these compounds and to optimize the
response variable, a method called response
surface methodology (RSM) can be used. RSM
is a set of effective statistical and mathematical
methods that determine several variables at the
same time with minimal resources and
guantitative data and with a suitable
experimental design. Also, this method is used
to improve and optimize processes where the
desired response is determined by a number of
variables under be affected, and its purpose is to
describe the relationship between the response
and independent variables by mathematical
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models and to optimize this response. When many
factors and relationships have an effect on the
response variable, the RSM method is one of the
effective tools for process optimization. The
optimization process by RSM can be divided into
three stages. The first step is to specify the
independent parameters and their levels, the
second step is to select the experimental design
and predict and evaluate the relationship of the
model, and the final step is to obtain and draw the
shape of the response surface as a function of the
independent parameters and determine the
optimal points.

-color materials obtained from the design of
experiments

The environments that were cultured using the
experimental design were taken out of the
incubator shaker after 10 days, then each one was
smoothed using Whatman filter paper, after
smoothing the samples, they were centrifuged to
use the spectrophotometer device. It was set at
5000 rpm for 10 minutes.and transferred to the
refrigerator at a temperature of 4 °C for storage,
and this process was repeated on the culture
medium every 30 days.

Preparation of primary culture medium

After preparing PDA and YPSS culture media in
250 ml Erlenmeyer flasks, it was sterilized for 20
minutes in an autoclave at a temperature of 121
degrees Celsius and a pressure of 15 pounds per
square meter. After reaching the ambient
temperature, in completely sterilized conditions,
under the hood as well as next to the flame, pour
them into the test plate and tube so that 2/3 of the
surface of the plate and 1/2 of the test tube are
filled. When the plate and the test tube were
completely closed, the mycelium of the
mentioned fungus was transferred from the
primary culture medium using a loop (it was
placed on the flame to disinfect the loop before
doing the work) to the center of the plate and the
test tube containing the culture medium. New
PDA and YPSS were transferred.

Solid culture medium

In order to use the fungus, it must be activated
first, for this reason, YPSS culture medium,
which was suggested to be DSMZ, was poured
into several test tubes and was previously
autoclaved and sterilized. The cultures were
placed in an incubator at a temperature of 30°C
for 7 days. became.

Table 2: Compositions of 1 liter of YPSS culture

medium

Agar MgSo4.7H.0 KHPO. starch soluble yeast
2301
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extract distilled water
Liquid culture medium

The composition of the liquid culture medium
for inoculation of the main medium per 1 liter
of distilled water was as follows:

100 cc of liquid culture medium was prepared
and poured into a 250 ml Erlenmeyer flask and
autoclaved. The size of a mushroom was
removed and inoculated. This environment was
placed in a shaker incubator at a temperature of
30-32 degrees Celsius and 150 rpm for 8 days.
It should be noted that after 72 hours the
medium has grown and the color change occurs
after the growth of the medium. It is shown in
Figure 1.

How to extract pigments
Color separation from biomass

First, the cultures that turned red were taken out
of the shaker, then for every 2.5 ml of the
colored substance obtained, it was diluted with
5 ml of 96% ethanol, the obtained substances
were kept in the incubator shaker for 30
minutes. They were placed at 150 rpm. After
removing the materials from the incubator
shaker, centrifugation was performed in three
steps:

First step: the materials were centrifuged at
5000 rpm for 15 minutes.

The second step: the supernatant was discarded
and 3.5 ml of 96% ethanol was added to it again
for 1.5 ml of the material obtained, and then it
was centrifuged at 5000 rpm for 5 minutes.

The third step: As in the previous step, the
supernatant was discarded, then 5 ml of 96%
ethanol was added to it for 2.5 ml of the
obtained material, and then centrifuged again at
5000 rpm for 15 minutes.

After completing the centrifugation process, the
obtained solid material was poured into the
container, then it was kept in the oven at a
temperature of 45°C for 70 hours until the
obtained material was completely dry.

Measurement of biomass dry weight

After finishing the work and complete drying of
the biomass, it was measured, for 400 ml of
liquid pigment, after performing the above
steps, 13.58 grams/liter of dry solid matter was
obtained.

Model analysis using ANOVA table and
objective function

The usual term is the sum of squares in the
ANOVA (SS) table, which is useful for
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determining the quality of variability. It can be
divided into smaller parts.
SS_tot=SS_reg+ SS_resid

SS tot in its first term indicates the overall
change in response. Using the term SS_reg we can
model a number of changes. The SS_resid term is
also for values that cannot be modeled. A model
with a high SS_reg as well as a low SS_resid can
be well expressed. This possibility can be
investigated by performing a test. It is also
possible to use MS_reg and [MS] _resid by
dividing the estimated SS by the degree of
freedom DF. Using F-test, you can measure the
probability percentage:

F =MS_reg/MS_resid

Using statistical tables, the corresponding p value
can be obtained. The maximum value of p which
is the critical limit can be 0.05. To have a suitable
model, p must be less than 0.05. If we repeat the
tests, we will have:

SS resid=SS_LOF+SS PE
DF_resid= (n-p)

SS PE=Yik i [(C_ki-C_ k)] ~2
DF PE=Y ki [(n_k-1)]
DF_LOF=n-p-}. [(nk] -1)
= number of iterations an_k

n = number of trials

C_k = average of n_k residues in a set that has
repetitions.

To know the good match of the model with the
experimental data, the following relationship can
be used:

F_LOF=(SS_LOEDF_LOF )/SS_PEDF PE)

SS_resid can be decomposed into two separate
terms in the ANOVA table:

SS_resid=SS_(model error)+SS_(replicate error)

When the model fails, the first term is created and
the error is caused by the repeatability of the
second term. We use the following formula to
determine the probability percentage:

= MS_model/MS_replicate F
[(n_k-1)]

n_k= number of repetitions

P = the number of terms of the model, which
includes the constant

n = number of trials

A good model is LOF whose p is greater than 0.05
[Myers et al., 2016, Mary Ladidi Abu et al.,
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2020].
-Obtaining optimal points in variables

The optimal points of the variables can be
obtained from the first derivative of the
regression equation. The following example is
for a variable with two regressions:

y=B 0+B 1x 1+B 2x 2+f 11x 1"2+p 22
x 272+ B 12 x_1x 2+ Residual

oyl [ox] _1=B_1+2B 11 x_1+B 12 x_2 =0
(1-13)

oyl [ox] _2 =B 2+2B 22 x 2+B 12 x_1 =0
(1-14)

The value of x_1 and x_2 can be obtained by
solving this device [Myers et al., 2016, Mary
Ladidi Abu et al., 2020].

-Table of experiments design

Experiments were designed with Design Expert
11 software based on Table 4, for which 5
different parameters were considered:

Table 4: Type and amount of variables in the
design of experiments

Type of carbon source, concentration of
nitrogen source

(g/1) Carbon source concentration
(g/1) surfactant

(g/l) pH row

Wheat starch2.48.14 117 1
Wheat starch 32.13 155 2
Cornstarch3181553

Wheat starch 3.512 7.75 4
Cornstarch2.312156.55
Corn starch 4/6 18 1/11 6/2 6
Wheat starch 2.4 8.14 11 7 7
Cornstarch6128.7558
Wheat starch 3 12 6/7 6/5 9
Wheat starch 6 14/9 10/9 5/8 10
Corn starch 16/6 4/7 7 11
Wheat starch 3.5 12 15 6.5 12
Corn starch 5/2 1/12 8/4 7 13
Corn starch 4/6 14/5 10/9 5 14
Wheat starch 4/9 18 6/8 6/3 15
Cornstarch 17.49.51.5 16
Wheat starch 3/9 15/6 11/8 5/7 17
Wheat starch 6 1257 18
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Corn starch 6 12 15 1/5 19
Cornstarch 4512157 20
Wheat starch 2.57.17 155 21
Corn starch 4/5 14/6 15 6/2 22
Corn starch 3 9/15 6/8 5/7 23
Corn starch 16/6 4/15 5/5 24
Corn starch 2/3 2/16 157 25
Corn starch 2/312 87 26

Corn starch 4/6 14/3 6/4 6/2 27
Corn starch 31857 28

Wheat starch 17/3 7/15 6/4 29
Wheat starch 6 18 55 30

Corn starch 6 1855 31

Wheat starch 6 9/14 9/10 5/8 32
Wheat starch 6 18 15 7 33
Wheat starch 17/37 8 5 34
Wheat starch 318 57 35
Cornstarch31255 36

Corn starch 3 9/15 6/8 7/5 37
Wheat starch 2.4 8.14 5 8.5 38

Results

-Monascus purpureus mushroom cultivation
environments

The method and method of cultivation of solid
mediums has been fully explained in the previous
chapter, in Figure 2 (a) the growth of this fungus
is shown in YPSS medium and part (b) in PDA
medium, after 7 days of their cultivation inside the
incubator, as It is clear in the figure that it has
grown more in the PDA culture medium than in
the YPSS culture medium. However, due to the
high price of PDA culture medium, YPSS
medium was used to cultivate this mushroom.

-pigment extraction

After performing the necessary steps to extract the
pigment, the pigment obtained after 72 hours of
drying was as follows. Part (a) of Figure 3 shows
the solid material obtained after dissolving it with
ethanol and centrifuging it three times. 13.0
grams/liter of dried colored solid material was
obtained, and 10 grams/liter of this dried material
was used to make the standard solution.

-Experimental design and statistical analysis

Obtaining the optimal percentages of the main
components of the environment can be one of the
ways to produce a high-quality product and
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reduce rework. To find the optimal percentage
of these compounds and to optimize the
response variable, a method called response
surface methodology (RSM) can be used. RSM
is a set of effective statistical and mathematical
methods that determine several variables at the
same time with minimal resources and
guantitative data and with a suitable
experimental design. Also, this method is used
to improve and optimize processes where the
desired response is determined by a number of
variables under be affected, and its purpose is to
describe the relationship between the response
and independent variables by mathematical
models and to optimize this response. When
many factors and relationships have an effect on
the response variable, the RSM method is one
of the effective tools for process optimization.
The optimization process by RSM can be
divided into three stages. The first step is to
specify the independent parameters and their
levels, the second step is to select the
experimental design and predict and evaluate
the relationship of the model, and the final step
is to obtain and draw the shape of the response
surface as a function of the independent
parameters and determine the optimal points.

-color materials obtained from the design of
experiments

The environments that were cultured using the
experimental design were taken out of the
incubator shaker after 10 days, then each one
was smoothed using Whatman filter paper, after
smoothing the samples, they were centrifuged
to use the spectrophotometer device. It was set
at 5000 rpm for 10 minutes.

-The effect of independent variables on
Monascus mushroom pigment production in
the design of experiments

-The effect of pH on pigment production and
growth

One of the important factors in the synthesis of
red pigments by Monascus species is the pH of
the fermentation environment, because high pH
values and the presence of a suitable nitrogen
source lead to the production of extracellular
and water-soluble red pigments (125). pH plays
an important role in activating key enzymes in
pigment production by Monascus purpureus,
because the chemical modification of
extracellular and water-soluble red pigments
are produced at high pH values in the presence
of a suitable nitrogen source. Because the pH of
the culture medium may affect the transport of
certain compounds such as carbon and nitrogen
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sources, therefore, pigment production increases
with a decrease in pH. Changes in pH during
microorganism cultivation depend more on
nitrogen and less on carbon. The maximum red
pigment production (2.46 g/L) was obtained at
pH=5 and 24°C [Alejandro MENDEZ et al.,
2011].

In this research, the red pigment had the highest
efficiency at pH=5 and the maximum absorbance
of 500 nm, acidic pH produces yellow pigment, in
addition, alkaline pH increases the stability of this
pigment more than acidic values. As mentioned,
the amount of pigment production was at pH=5,
which may be due to the characteristics of the
used strain, which produces pigment at this
particular pH.

In Figure 5, with the constant carbon source,
wheat starch at a concentration of 18 g/L, nitrogen
source at a concentration of 3 g/L, and surfactant
at a concentration of 5 g/L had the highest
pigment production when their pH was set to 5 As
it is clear from the graph, the lowest amount of
pigment production was when the pH was set at
5.6.

Effect of pH on red pigment concentration

-Carbon sources and their preparation method
as substrate

-Using corn and wheat starch as mushroom
cultivation medium

Growth of Monascus species is directly affected
by starch composition and type of carbon sources.
Carbon plays an important role in cell metabolism
and organism growth, simultaneously affecting
pigment production. In the present study, the
results of the effect of different carbon sources
showed that corn starch with an amount of 18
g/liter was a suitable source for maximum
pigment production among the tested cases. The
overall results of this research on the carbon
source show that the highest growth rate and
pigment production occur in the presence of
wheat starch carbon source. Starch can be a
promising alternative source for the production of
natural pigments of Monascus purpureus. Wheat
starch was more effective for red color.

As it is clear in Figure 6, by comparing two types
of carbon sources, wheat starch and corn starch, it
can be seen that the carbon source that used wheat
starch produced much more red pigment than corn
starch.

Based on Figure 7, by comparing the effect of
surfactant concentration for two carbon sources
with the same concentrations, it had the greatest
effect at a concentration of 5 g/liter, but it did not
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have much effect for corn starch. However,
with the addition of surfactant, the production
of color by both carbon sources decreased.

Comparison of the effect of surfactant
concentration with two types of carbon sources
on red pigment concentration

Figure 8 shows the effect of nitrogen source on
two types of starch carbon source for pigment
production, nitrogen has the most effect for
wheat starch at 3 g/l, but for corn starch at 5.5
g/l. It can be said that the nitrogen source has
the opposite effect for wheat starch and corn
starch.

Figure 9: The effect of wheat starch on pigment
production has been investigated. Sufficient
amount of starch must be available in the cell
for the growth of the microorganism. AtpH =5
and nitrogen concentration of 3 g/L and
surfactant amount of 5 g/L, the highest
concentration of red pigment was obtained
when the amount of starch was 18 g/L. The
lower the amount of starch, the less the
production of red pigment.

Figure 9: The effect of wheat starch on red
pigment concentration

Figure 10 shows the two-dimensional effect of
the concentration of carbon source and
surfactant for the production of red pigment,
when the value of pH =5 and the concentration
of nitrogen was equal to 3 g/liter, the amount of
carbon from 15 g/liter to 18 g/liter of pigment
production It has red, the most red pigment was
produced when the type of carbon source was
wheat starch and the amount of 18 g/l of it with
8 g/l of surfactant produced the most red
pigment.

Figure 11 shows this diagram in three
dimensions.

Figure 10: Two-dimensional representation of
the effect of carbon source concentration and
surfactant concentration on pigment production

Figure 11: Three-dimensional diagram of the
effect of surfactant and carbon source
concentration on red pigment production

-Investigating the effect of nitrogen source
concentration

Figure 12. At pH =5 and the carbon source of
wheat starch, the concentration of which was 18
g/liter, together with 5 g/liter of surfactant, the
production of red pigment was the highest at the
carbon source concentration of 18 glliter,
increasing the concentration of the nitrogen
source with the production of pigment. Red has

Eur. Chem. Bull. 2023,12(3), 2296-2312

a photo relationship.

Figure 12: The effect of nitrogen source
concentration on red pigment production

Figure 13. At pH = 5 and wheat starch carbon
source 18 g/l, nitrogen source concentration from
3 to 4 g/l and surfactant concentration from 5 to
almost 8.5 g/l produced red pigment. Nitrogen
amount of 3 g/L and surfactant 5 g/L have
produced the highest amount of red pigment.

Figure 14 shows the following diagram in three
dimensions.

Figure 13: Two-dimensional representation of
the effect of nitrogen source concentration and
surfactant on red pigment production

Figure 14: Three-dimensional diagram of the
effect of surfactant and nitrogen concentration on
the production of red pigment

Investigating the effect of variables on pigment
production

In order to investigate the effect of independent
variables on the tested traits, response level
shapes were drawn for each trait. As shown in the
above figures, the obtained and predicted
laboratory results are in good agreement. In each
figure, the effect of two variables has been
examined in the state where the rest of the
variables are in the average state. The
optimization of the process variables has been
done to achieve the maximum response values,
after conducting the experiments and obtaining
the model, the desired software determines the
optimal points. A response surface diagram is a
geometric diagram and is actually a plot of the
response variable as a function of one or more
independent variables.

-Estimation of coefficient and standard error

Table 5 shows the standard error and standard
coefficient of each parameter. The standard
coefficients are obtained according to the table
below, but these coefficients can be between the
two numbers obtained in the highest and lowest
cases.

Table 5: Standard coefficients and standard error

Factor Coefficient Estimate df Standard Error
95% CI Low 95% CI High

Intercept 1/85 1 0/2184 1/38 2/32
A-PH -0/8532 1 0/1459 -1/16 -0/5423

B-Carbon Source Concentration 1/56 1 0/1472
1/24 1/87

C-Nitrogen Source Concentration -0/4166 1
0/1421 -0/7195 -0/1136
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D-Surfactant Concentration -0/4872 1 0/1492 -
0/8052 -0/1692

E-Carbon Source Type -1/11 1 0/2587 -1/67 -
0/5628

AD 0/5026 1 0/1785 0/1221 0/883
AE -0/3019 1 0/1438 -0/6083 0/0045
BD -0/3894 1 0/1754 -0/7632 -0/0155
CD 0/9256 1 0/1752 0/5521 1/3

CE -0/7667 1 0/1418 -1/07 -0/4645
DE -0/4954 1 0/1536 -0/8228 -0/168
A21/03 1 0/268 0/4571 1/6

B21/27 1 0/2726 0/6888 1/85

ABE -0/6322 1 0/1756 -1/01 -0/258
ACE 0/3584 1 0/1754 -0/0155 0/7324
BCE -1/23 1 0/1714 -1/6 -0/8671
BDE -0/5777 1 0/1792 -0/9597 -0/1958
CDE 0/5303 1 0/1806 0/1454 0/9153
AZE 1/47 1 0/2702 0/8972 2/05

B2E -1/45 1 0/289 -2/06 -0/8299

C2E 1/76 1 0/2676 1/19 2/33

-Optimum conditions for pigment production

The optimal value obtained from the
experiments according to Table 6 is shown that
at pH =5.008, the carbon source of wheat starch
with a concentration of 17.921 g/liter, the
concentration of the nitrogen source (yeast) is
30.63 g/liter and the concentration Surfactant is
50.92 g/liter, and in these optimal conditions,
the maximum production of pigment is 15.089
g/liter, and these optimal conditions for pigment
selection are shown in this table. According to
the process conditions, we can choose other
optimums from Table 7.

Table 6: Comparison of past work with current
work

Microorganism optimal amount of culture
medium (g/l) pH source

Monascus U 11/3 3 malt extract 5/5 [Sandra et
al., 2008] purpureus 5 peptone

CCT3802 10 Glucose
30,°C 300 rpm

Monascus ODU/mI488/4 3/34 potato starch
===]etal., 2015 [Prateek Srivastav

purpureus 0.082 KoHPO4

Eur. Chem. Bull. 2023,12(3), 2296-2312

MTCC 369 0.033 MgS0O..7H-0

30 ,°C 150
rpm

Monascus [UA] 500 25/22 8 monosodium
glutamate 5/6 [Selim Silbir and Yekta Goksungur,
2019]

purpureus 0.01 ZnSo4.7H20
30.,°C
350 rpm

Monascus ODU/mI 12/47 28 glucose 8 [Vimal et
al., 2013] purpureus 1 tryptone

MTCC 410 30°C, rpm 120

Monascus ODU/ml 2.05 2.75 yeast extract 6
[Seyedin et al., 2015] purpureus 1.5K2HPO4

PTCC 5303 20 Glucose

0.3%
monosodium glutamate

30 ,°C
130 rpm
Microorganism optimal amount of culture

medium (g/l) pH source

Monascus AU/g 47% 3 Peptone 3 [Said and
Hamid, 2018]

purpureus 55% initial humidity
FTC 5356 30°C

Monascus AU/ml 4/54 20 Glucose 6 [Lee et al.,
2002] Purpureus 3 Malt extract

ATCC 16362 3 yeast extract
5 Peptone
30°C

Monascus g/l 15/089 18 wheat starch 5 present
work

purpureus OD 9625/3 3 Yeast
DSM 1603 3 surfactant

General conclusion
Pigments are very important in the biotechnology
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industry. Although various sources such as
plants and microorganisms are able to produce
these pigments. Monascus mushroom is
generally of high value from the practical and
industrial aspect. The application of this
pigment in the industry is very diverse and it is
used in a large number of industrial processes,
including food, textile, dye, detergent,
pharmaceutical, papermaking, etc. Compared to
plants, this pigment has various properties in
terms of stability and resistance in different pH,
thermal stability, temperature and optimal pH
of activity.

In this research, the growth rate of Monascus
purpureus and its pigments in liquid medium
under the influence of different parameters (PH,
nitrogen source concentration, carbon source
concentration, type of carbon source and
surfactant concentration) was investigated at 30
degrees Celsius. Then the effect of each
parameter was investigated separately. To
check the best type of carbon source, chickpea
flour, beet molasses, wheat starch and corn
starch were first compared, but considering that
two types of wheat and corn starch had the
highest amount of pigment production, these
two sources were used to design the
experiments. Also, the effect of other
parameters such as pH, nitrogen source and
surfactant on pigment production from
Monascus purpureus was investigated.

The results obtained from this research showed
that the highest production rate of red pigment
with the carbon source of wheat starch was
15.089 g/liter, which was grown in a shaker at
150 rpm and in water at 30°C. The suitable
conditions for the production of maximum red
pigment were when the five influencing
parameters were selected, respectively: pH = 5,
its carbon source concentration was 18 g/I,
nitrogen source concentration was 3 g/l, and the
surfactant concentration was set to 5 g/l. They
were. From the two carbon sources that were
selected, the production of red pigment using
wheat starch was much higher than that of corn
starch.

Suggestions

Other agricultural waste can be used as a carbon
source to increase growth and pigment
production; ldentifying and investigating other
species that have the ability to produce
pigments and can be used to produce natural
pigments; Examining the use cases of pigment
production in textile, food and pharmaceutical

Eur. Chem. Bull. 2023,12(3), 2296-2312

industries, also other uses for pigment have
recently been proposed, which can be used as a
stimulant for digestive digestion, treatment or
prevention of osteoporosis, Alzheimer's, stroke,
cancer, etc. . Considering the wide applications of
this mushroom, it is possible to use this
mushroom's applications in the treatment of
diseases with research in this field.
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