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Abstract: The color of food is a critical factor influencing its general acceptance. Owing to the effects
of chemical colorants on health, current research is directly aimed at producing natural and healthy
food colorants from microbial sources. A pigment-producing fungal isolate, obtained from soil
samples and selected based on its rapidity and efficiency in producing red pigments, was identified
as Monascus ruber OMNRC45. The culture conditions were optimized to enhance pigment production
under submerged fermentation. The optimal temperature and pH for the highest red pigment yield
were 30 ◦C and 6.5, respectively. The optimum carbon and nitrogen sources were rice and peptone,
respectively. The usefulness of the pigment produced as a food colorant was evaluated by testing for
contamination by the harmful mycotoxin citrinin and assessing its biosafety in mice. In addition,
sensory evaluation tests were performed to evaluate the overall acceptance of the pigment as a
food colorant. The results showed that M. ruber OMNRC45 was able to rapidly and effectively
produce dense natural red pigment under the conditions of submerged fermentation without citrinin
production. The findings of the sensory and biosafety assessments indicated the biosafety and
applicability of the red Monascus pigment as a food colorant.
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1. Introduction

In addition to taste, aroma, and texture, the color of food is a main factor that influences its
total acceptability. Therefore, since ancient times, people have used multiple colorants in their food
to improve its appearance, flavor, taste, preservability, and nutrient quality. Food colorants can
be obtained either from natural sources (plants, animals, or microorganisms) or through chemical
synthesis [1,2]. Owing to the differences in the origin and composition of the applied food colorants,
the degree of health risk and environmental suitability varies widely [3,4]. Chemically synthesized
food colorants are not preferred because of their potential toxicity, carcinogenicity, and undesirable
side effects on human health and the environment. Natural food pigments are gaining increasing
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popularity globally, as they are safe to use and have several nutritional benefits and potential medicinal
properties [4–6].

Microorganisms (bacteria, fungi, and microalgae) are among the most promising natural sources of
food colorants, which can be produced both intracellularly and extracellularly. They are characterized
by high, sustainable productivity and relatively low costs, as they can be cultured on agricultural and
food wastes at any time of the year. In addition, the pigments obtained are varied, easily extractable,
and relatively heat-stable, offering several health and nutritional benefits [7,8]. The fungus Monascus
was widely used in East Asian countries approximately two thousand years ago, and it continues to be
used for the fermentation and coloring of foods, particularly rice (to produce red rice), which is also
referred to as “red yeast rice”, “hongqu,”, “red mold rice”, “red koji”, and “anka” in traditional medicine.
However, the name “Monascus spp.” was proposed only in 1884 for a versatile group of filamentous
fungi comprising Monascus floridanus, Monascus pallens, Monascus pilosus, Monascus purpureus, Monascus
ruber, Monascus sanguineus, Monascus eremophilus, Monascus lunisporas, and Monascus argentinensis [9–11].
Pigments produced by Monascus by natural fermentation have a high economic value and have attracted
considerable attention as coloring agents globally. They have several advantages, such as ease of
production using inexpensive substrates, favorable solubility in acidic water and ethanol, presence of
numerous bioactive metabolites, and safety when produced under specific conditions [12].

Monascus spp. are able to synthesize different (intracellular and extracellular) polyketide secondary
metabolites that protect cells against oxidative stress (antioxidants) and produce different and distinct
pigments. The most common pigments produced by Monascus are orange (monascorubrin and
rubropunctatin), yellow (monascin and ankaflavin), and hydrosoluble red (monascorubramine and
rubropunctamine). The percentage of production of each pigment by Monascus is highly dependent
on the species and cultivation conditions (substrate, fermentation mode, dissolved oxygen, pH,
and temperature). Of the several pigments produced by Monascus, the red pigment (monascorubramine)
is in high demand [4,13–15].

Solid-state fermentation of rice and grains is the traditional method for cultivating Monascus to
produce high levels of pigments, although it has been linked to scale-up- and contamination-related
issues [16]. In addition, traditional solid-state fermentation processes are labor-intensive, time-consuming,
and require large cultivation areas [17,18]. Monascus strains usually produce lower levels of pigment
in submerged cultivation than in solid-state cultivation [19]. However, the production of pigments
by Monascus under submerged fermentation is characterized by controlled cultivation conditions and
medium, which helps to control the production of secondary metabolites [10]. During the growth of
certain Monascus strains, the mycotoxin citrinin is produced as a secondary metabolite under specific
fermentation conditions [20,21]. Citrinin is nephrotoxic, hepatotoxic, and carcinogenic to various animals
and humans; therefore, its presence in food products is a critical issue. Previous studies have shown that
the citrinin production gene is only harbored by M. purpureus and M. kaoliang (M. kaoliang is a synonym
for M. purpureus) and not by M. pilosus, M. ruber, M. floridanus, M. sanguineus, M. barkerior, or M. lunisporas.
However, M. ruber has been reported to produce citrinin under certain fermentation conditions [10].
In addition, an “uncommon case of M. ruber invasive gastric infection associated with the consumption
of contaminated dried and salted fish” has been reported [22].

In this study, we isolated a fungus that could efficiently produce safe red pigments for use as food
colorants, with an emphasis on preventing the production of mycotoxins (e.g., citrinin) as secondary
metabolites. Additionally, we attempted to improve pigment production by controlling culture
conditions, and the pigment produced was extracted and tested as a food colorant in specific food
products for children (jellybeans and lollipops).



Appl. Sci. 2020, 10, 8867 3 of 15

2. Materials and Methods

2.1. Samples and Isolation Sources

Nine different samples were collected from various sites in Egypt exposed to spillage of intact
or broken rice grains in addition to rice processing residues (wastes). Among the samples, four soil
samples were collected from places near rice storage and hulling machines, while two soil samples
were collected from rice paddy fields (Kafr El-Sheikh Governorate). In addition, the remaining three
samples were collected from wastewater of a local food processing market (in Giza Governorate).
The samples were collected in sterilized jars and transferred to the laboratory under aseptic conditions,
as previously described by Darwesh et al. [23].

2.2. Isolation of Red Pigment-Producing Fungi

The samples were enriched by culturing with 10% (w/v) sterilized broken rice (1–2 mm diameter)
to increase the chances of isolating red pigment-producing fungi. The pigment-producing fungi
were isolated on solidified rice agar, which was prepared as described by Wu et al. [16] with certain
modifications: the medium contained 15 g/L rice powder, 0.5 g/L KH2PO4, 1.0 g/L K2HPO4, 0.1 g/L NaCl,
0.2 g/L MgSO4·7H2O, and 1.0 g/L NH4NO3, and the pH was adjusted to 5.5–6. After 7 days of culture on
rice agar plates at 28± 2 ◦C, the fungal colonies that developed and produced red pigments were selected
and re-cultured on potato dextrose agar (PDA) for purification and preservation. The selected fungal
isolates were screened to assess the intense and rapid production of red pigments (morphologically).
For screening, individual fungal discs (9.5 mm in diameter) were cut from PDA Petri dishes and placed
at the center of the surface of rice agar plates and incubated for 7 days at 28 ± 2 ◦C. For evaluating the
production of red pigments, the fungal discs that produced the most intense and widely dispersed
pigments rapidly were selected for subsequent studies.

2.3. Identification of the Target Fungal Strain

The selected fungal isolate that exhibited satisfactory red pigment production was identified and
characterized morphologically as well as by using molecular biology techniques. The morphological
characteristics were evaluated using a light microscope (model cx41, Olympus, Tokyo, Japan) after
3 days of culturing on PDA plates [24]. Molecular identification of the fungal isolate was performed after
culturing for 3 days on potato dextrose broth (PDB) and harvesting using a filter paper (Whatman No. 1,
Sigma-Aldrich). Total genomic DNA was extracted using the CTAB protocol after drying and grinding
of the mycelium using liquid nitrogen [25]. DNA from the fungal isolate was amplified by polymerase
chain reaction (PCR) using internal transcribed spacer 1 (ITS1) (5′-TCCGTAGGTGAACCTGCGG-3′)
and ITS4 (5′-TCCTCCGCTTATTGATATGC-3′) primers designed for sequencing. The sequence was
identified by comparing the contiguous DNA sequence with data from the reference and type strains
available in GenBank using the BLAST program (National Centre for Biotechnology Information).
The obtained sequences were aligned using the Jukes Cantor Model [26].

2.4. Optimization of Extracellular Red Pigment Production

Various environmental and nutritional parameters, such as temperature, pH, and carbon and
nitrogen sources, were evaluated to improve and optimize the production of red pigments from the
fungal strain under study. The optimization experiments were performed in 250 mL conical flasks
containing 100 mL of modified rice broth medium (submerged fermentation), with incubation for 7 days
(unless otherwise indicated) in an orbital incubator shaker. Red pigment production was indirectly
evaluated by measuring the absorbance of the culture filtrate at 500 nm using a spectrophotometer
(after centrifugation at 4000 rpm for 5 min) [27,28].

Instead of using the carbon or nitrogen sources present in the original medium, different
components were added to the fermentation medium (rice broth medium) as carbon and nitrogen
sources. The carbon sources included rice powder, wheat flour, corn flour, corn cob powder, and glucose
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at a concentration of 10 g/L, whereas the nitrogen sources included (NH4)2SO4, NH4NO3, KNO3,
peptone, and urea (quantities were calculated to be equivalent to 100 mg/L). As important environmental
parameters, the incubation temperature (20, 25, 28, 30, 35, and 40 ◦C) and initial pH values (4.5, 5.5, 6.0,
6.5, 7.5, and 8.5) in the medium were modulated to study their effect on the production of red pigments
by the fungal strain. In addition, another experiment was performed to evaluate the production of
red dyes under different incubation periods (4, 6, 8, 10, 12, 14, 16, 18, and 20 days) at the optimum
temperature and pH with the highest pigment yield.

2.5. Extraction of Pigments and Secondary Metabolites

The optimized carbon and nitrogen sources from the previous experiment were used for
fermentation of the selected fungal strain under submerged conditions to study the secondary
metabolites produced. Static submerged fermentation was initiated by inoculating five activated
fungal agar discs in a 500 mL flask containing 350 mL of modified liquid rice medium (pH 6.0).
After incubation for 5 days at 28 ± 2 ◦C, the mycelia were harvested by filtration and washed twice
with distilled water. The mycelium-free supernatant and wash mixture were collected and centrifuged
at 4000 rpm for 5 min (to remove impurities) after volume adjustment for quantitative calculation.
The washed mycelia were extracted by vigorous stirring for 12 h in 200 mL of 95% ethanol followed by
centrifugation. Both aqueous and ethanolic extracts were subjected to spectrophotometric analysis at
500 nm for quantifying the red pigments produced.

2.6. Citrinin Analysis

The presence of citrinin in the rice products fermented using the selected fungal strain was
analyzed in 10-day-old cultures containing broken rice, under solid or liquid fermentation conditions.
Citrinin extraction was performed using 100 mL of chloroform per 50 g of culture-mycelium mixture
after homogenization in a high-speed mixer (Overhead Stirrer NOHS-100, Labnics, London, UK)
at 16,000 rpm for 5 min. The extraction process was repeated three times, following which the chloroform
extracts were combined, washed, filtered, and concentrated until near dryness. Next, thin-layer
chromatography (TLC) was performed to detect citrinin [29].

2.7. Biosafety Evaluation

The biological toxicity of the produced red pigment was evaluated in mice (according to the
appropriate and recognized ethics) as follows: Young adult male mice (white mice, Mus musculus
domesticus) weighing 25–30 g were obtained from the animal house at King Saud University, Riyadh,
Saudi Arabia. The animals were housed in polycarbonate boxes at room atmosphere in the laboratory
and acclimated for 1 week before the experiments commenced. The mice were divided into 13 groups,
and the control and treatment groups comprised six mice each. The animals were fed a basal diet
containing 20% casein, 10% sugar cane, 50% corn starch, 10% corn oil, 1% vitamin mixture, 5% cellulose,
and 4% salt mixture [30]. The animals were provided with free access to water. Next, two types
of pigments—natural (fungal) and synthetic red pigments (carmoisine E122; Sigma-Aldrich, India)
—were fed by oral dosing for comparison. An acute toxicity test was performed to determine the oral
lethal dose (LD50) of the two different colorants separately. The male white mice were randomly divided
into natural- and carmoisine-fed groups. Each group was divided into six subgroups consisting of six
animals that received six different doses of each pigment orally (10, 100, 1000, 1600, 2900, and 5000 mg/kg
body weight). The mice in the control group received distilled water instead of pigments. The animals
were observed thoroughly for the onset of any immediate toxic signs as well as during the observation
period of 1 week. Motor activity, tremors, convulsions, aggressiveness, sedation, muscle relaxation,
hypnosis, analgesia, ptosis, lacrimation, paralysis, diarrhea, and skin color were evaluated in the
first 1 h, 24 h, and 1 week of pigment administration. The death rate was also recorded in each group.
For hematological and serum biological analyses, at the end of the observation period, blood samples
were collected and centrifuged to separate the serum. The levels of aspartate aminotransferase
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(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and blood urea nitrogen (BUN)
were measured in the serum samples using kits from Biomed Diagnostics (Egypt). At the end of the
experimentation, the animals used for blood sampling were sacrificed and autopsied. The liver, heart,
spleen, and kidney were harvested, and the weight of each organ, along with the total body weight,
was measured. The organs were also observed for major changes in appearance before weighing.
The weight of each organ relative to the total body weight was calculated. The hepatosomatic index
(HIS) was calculated as the percentage of liver weight upon body weight [31].

2.8. Application of the Obtained Red Pigment as a Food Colorant

As sample food products, lollipops were prepared by mixing sucrose (242.4 g), corn syrup
(129.5 mL), water (126.6 mL), and citric acid (0.75 g) and heating the mixture to 157 ◦C. The mixture
was rapidly cooled to 110 ◦C, and 1.05 g of a flavoring agent as well as the natural fungal red pigment
was added to produce red-colored lollipops. Jellybeans were prepared by mixing the ingredients using
the traditional procedure (15 g of gelatin mixed with 85 g of purified sucrose, 0.2% citric acid, flavoring
agent, and a mixture of sodium benzoate and potassium citrate at 0.1%). The concentrated fungal red
pigment (0.1%) was added after mixing the ingredients, following which 0.1% (w/w) of ascorbic acid
was added to the jelly. The jellies were placed in molds in a refrigerator until they solidified and then
were packed in a special foil. The control was prepared using 0.1% carmoisine E122. Sensory evaluation
was performed by ten panelists. The panelists were asked to evaluate the taste, color, texture, odor,
and overall acceptability of the prepared food products.

2.9. Statistical Analyses

The experiments were performed in triplicate, and the results are expressed as the mean ± standard
deviation (SD). Statistical significance was evaluated using analysis of variance (SAS Studio 3.8, SAS
Institute Inc., Cary, NC, USA) followed by the determination of the least significant difference (LSD) at 0.05.

3. Results and Discussion

3.1. Isolation and Identification of Pigment-Producing Fungal Strains

Owing to the hazards associated with chemical colorants, in the current study, we attempted to
directly produce natural and environmentally safe food colorants from fungal sources. To this end,
nine samples suspected to contain pigment-producing fungi (based on their history of exposure to rice
residues) were used as isolation sources of the target fungi. Six soil samples and three wastewater
samples collected from food processing facilities were enriched using broken rice as the preferred
carbon source to isolate pigment-producing fungi. Following the initial isolation process, twenty
pigment-producing fungal isolates were obtained (Figure 1), which were subsequently screened to
select the most efficient strain in terms of pigment production.

The isolated fungi were screened for their ability to produce pigments on rice agar medium plates.
The rice medium used in this experiment was selected based on previous reports of its use as a preferred
carbon source for multiple edible/pigment-producing fungi [6,32]. Pigmentation of various colors
(red, yellow, orange, and violet) was observed on the incubated rice agar medium plates (Figure 1).
However, the red pigment was observed to be the most highly dispersible pigment, which was produced
by fungal isolate No. 2 (isolated from soil samples enriched with broken rice). For confirmation, the fungal
isolates were re-cultured in rice broth medium to confirm the production of pigments. It was clearly
observed in both broth and solid cultures that fungal isolate No. 2 could rapidly produce an intense
red pigment (Figure 2). The produced pigment showed an absorption maximum at a wavelength of
500 nm, as shown in Figure 2. Accordingly, fungal isolate No. 2 was selected for the subsequent studies.
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on rice agar medium, (b) pigment produced in liquid medium, (c) wavelength scanning using a UV
spectrophotometer, and (d) phylogenetic tree identification as Monascus ruber OMNRC45.

The fungal isolate was characterized and identified based on its morphological, culture,
and molecular biology properties. In the microscopic observation of the fungal isolate, the asexual form
with a chain of conidia and the sexual form with thin-walled ascoscarps containing oval ascospores
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were observed. These characteristics, in addition to the culture characteristics, indicated that the
obtained isolate was of M. ruber [33]. Moreover, molecular biology techniques were applied to validate
the results. Genomic DNA was isolated and purified according to a previously described protocol using
isopropyl alcohol [34,35]. The ITS genes were sequenced after amplification using PCR. The obtained
sequences were compared with related sequences available in GenBank using BLAST. The phylogenetic
tree of the fungal isolate is shown in Figure 2, where its sequence was observed to show 99.45%
similarity with the reference strain M. ruber in GenBank. Accordingly, it was named Monascus ruber
OMNRC45 and registered and deposited under the same name with the National Research Centre
(NRC), Egypt.

3.2. Optimization of Red Pigment Production by M. ruber OMNRC45

Pigment productivity can be influenced by the microbial strain, medium composition,
and fermentation conditions [36]. Hence, to maximize the yield of red pigments produced by M. ruber
OMNRC45, the environmental and culture conditions were improved. Carbon is an essential nutrient
for the biosynthesis of cellular components, such as carbohydrates, proteins, and fats, and through
oxidation, it provides the energy necessary for cells. For Monascus spp., carbon plays a critical role
in cell growth, metabolism, and pigment production [37,38]. In the present study, different carbon
sources (i.e., rice powder, wheat flour, corn flour, corn cob powder, and glucose) were used to improve
the growth of M. ruber OMNRC45 (in liquid medium) and its red pigment yield. The results presented
in Figure 3a show that under the experimental conditions, rice powder was the best source of carbon
for biomass and red pigment production. These results were consistent with the findings reported by
Carvalho et al. [29], who obtained the highest pigment yield using rice powder as a carbon source.
Through the results obtained, the higher yield of red pigments in the case of using rice flour as a
carbon source can be linked to its higher content of starch compared to other carbon sources used.
This is supported by the results obtained by Long et al. [39], who indicated that the increase in the
production of Monascus pigments is directly related to the efficiency in α-amylase production and
starch degradation by M. ruber. Conversely, crushed corn cob did not lead to high growth or pigment
yield, which could be attributed to the need for additional pre-treatment when using this substance to
match the growth requirements of the fungal strain.
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Figure 3. Effect of carbon (a) and nitrogen (b) sources on biomass and total red pigment production by
Monascus ruber OMNRC45 in liquid medium.

For similar reasons, the source of nitrogen in the culture medium is an essential factor influencing
microbial growth as well as the production of primary and/or secondary bioactive metabolites [40].
As secondary metabolites, the production of both intracellular and extracellular pigments is expected to
be influenced (quantitatively and qualitatively) by the nitrogen source used. We investigated the effects
of organic (peptone–urea) and inorganic (NH4NO3-(NH4)2SO4-KNO3) nitrogen sources on the growth
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of M. ruber OMNRC45 and extracellular red pigment productivity. As shown in Figure 3b, M. ruber
OMNRC45 cultured using peptone as the nitrogen source (in cultivation medium) showed the highest
pigment yield. However, the increase in fungal biomass production using the same nitrogen source
was not significant compared to the results obtained using ammonium sulfate and potassium nitrate.
Gunasekaran and Poorniammal [41] reported that the inclusion of peptone in the culture medium led
to the highest red pigment yield by Penicillium sp. and various other pigment-producing fungi.

In this study, temperature and pH were considered important environmental and culture
parameters for improving the yield of red dyes from M. ruber OMNRC45. Cultivation temperature
plays an important role in the rate of all microbial biochemical activities, including nutrient absorption,
enzyme synthesis, and pigment production [42]. The optimum temperature for growth and production
of dyes by Monascus spp. has a wide range (from 25 to 37 ◦C) and primarily depends on the species [29].
Therefore, an experiment was conducted to determine the effect of different incubation temperatures
(20–40 ◦C) on the biomass and red pigment yield from M. ruber OMNRC45. The data obtained and
presented in Figure 4a showed that 30 ◦C was the optimum temperature for maximum biomass and
red pigment production. The production of the red pigment increased gradually with a rise in the
fermentation temperature from 20 ◦C to 25 ◦C and then to 30 ◦C. Subsequently, pigment production
decreased as the incubation temperature increased from 30 ◦C to 35 ◦C and then to 40 ◦C. Similar findings
were reported by Jeon et al. [43] on the optimum temperature for pigment production by M. purpureus
MMK2, M. ruber KCTC6122, and M. purpureus P-57. More recently, Padmavathi and Prabhudessai [44]
reported that optimum mycelium growth and pigment production by M. anguineus and M. purpureus
MTCC410 were observed at a fermentation temperature of 30 ◦C. However, these results were slightly
different from those reported by Babitha et al. [45], who found that the maximum pigment yield was
obtained between 32 ◦C and 35 ◦C.
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production by Monascus ruber OMNRC45.

It is well known that the initial pH of the culture medium has a significant effect on enzyme
and pigment production by Monascus spp. [46]. Accordingly, an experiment was designed to study
the effect of different pH values on biomass and red pigment production by M. ruber OMNRC45.
When the fungal isolate was cultured in a liquid medium under different initial pH values (4.5–8.5),
pH 6.5 was found to be optimal for pigment production, as shown in Figure 4b. Evidently, an alkaline
pH (8.5) strongly inhibited both biomass and extracellular pigment production. Joshi et al. [47] reported
that pH values ranging from 5.5 to 6.5 were ideal for the production of pigments by Monascus spp.,
while Babitha et al. [48] reported (for M. purpureus) a wider optimal pH range (4.5–7.5) for the same.

3.3. Biosafety Evaluation of the Monascus Pigments

In addition to pigments, the mycotoxin citrinin is also produced under certain conditions as a
byproduct of fermentation by Monascus spp. Citrinin has hepatotoxic properties and causes functional
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and structural damage to the kidneys, in addition to altering liver metabolism [49–51]. Several toxicity
studies on Monascus pigments have confirmed the safety of their consumption in specific quantities.
Conversely, several studies have confirmed the potential toxicity of some Monascus strains owing to
citrinin contamination, whereas some strains have been reported to be devoid of citrinin production
ability. In addition to its dependence on the type of fungal strain, citrinin production is also markedly
influenced by the environmental and culture conditions during fungal growth [11,52–54]. In the
present study, we aimed to evaluate the biosafety of the red pigments produced by M. ruber OMNRC45.
The biosafety assessment was performed by citrinin detection (using TLC) in the extracted red pigments
in parallel with the measurement of its toxicity in mice.

The results of TLC analyses revealed that no citrinin (nephrotoxic or hepatotoxic) was detected
in the chloroform extract or the filtrate of M. ruber OMNRC45 cultured in potato dextrose broth
(PDB), PDB plus glycine, or rice media (Figure 5). In TLC, the reference sample (citrinin) formed
a yellow fluorescence band under UV light, whereas similar bands were not observed in the target
samples. This result is consistent with those reported by Chen et al. [20] and Moharram et al. [28],
who confirmed the presence of genes associated with citrinin biosynthesis in only 18 out of 30 Monascus
strains studied. Notably, heat treatment of citrinin (140 ◦C) leads to the production of a novel
compound, citrinin H2, which exerts weaker cytotoxic effects than citrinin [55]. Hence, if present in
food materials, citrinin-contaminated pigments should be subjected to heat treatment or degradation
via other strategies. Based on the aforementioned results, it can be concluded that M. ruber OMNRC45
cultured under the conditions described in the present study can be considered safe and devoid of
citrinin contamination.
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Figure 5. Fermentation of Monascus ruber OMNRC45 in rice (a), cultural filtrate (b), and biomass
(c) on potato dextrose broth (PDB) media. TLC analysis (d) for citrinin detection: lanes 1 and
2—reference citrinin; lanes 3, 4, and 5—chloroform extract of M. ruber cultivated on PDB, PDB plus
glycine, and rice media, respectively.

The proximate composition of red Monascus rice was determined. It contained 9.26% moisture,
72.67% carbohydrate, 11.89% protein, 1.34% lipid, and 0.42% ash. These values were similar to
those reported by Kumari et al. [31]. The biotoxicity of the red pigments obtained from M. ruber
OMNRC45 was evaluated in a mouse feeding experiment. Mice were fed with fungal pigments at
oral doses of 0, 10, 100, 1000, 1600, 2900, and 5000 mg/kg body weight in distilled water. The artificial
dye carmoisine E122 was used as a positive control for comparison. At the end of the experiment,
the following organs were harvested: the heart, liver, kidney, and spleen. Changes in organ appearance
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were examined, and the organs were weighed. The hepatosomatic index (HIS), mortality percentage,
and toxicity signs (abnormal signs) were evaluated (Table 1). Body and organ weights and the ratio of
liver to body weight are indicators of organ damage or abnormalities resulting from the provision
of treatment [56]. The results showed that there were significant differences between the control and
Monascus and carmoisine pigment-fed mice at different concentrations in terms of liver, kidney, heart,
and spleen weight. In addition, visual examination of the organs after dissection showed that organs
harvested from mice treated with the highest concentrations of Monascus pigment showed normal
signs, similar to the organs harvested from control mice. However, this was not the case for the mice fed
carmoisine, especially at 5000 mg/kg. At this concentration, marginal changes were observed in liver
color and size. Moreover, no mortality was observed in mice fed the Monascus pigment. According to
Masango et al. [57], mortality with characteristic enlarged liver (liver weight/body mass >7%) is used
to measure hepatotoxicity. There was no hepatotoxicity observed in mice treated with different
concentrations of the pigment, since the ratio ranged between 5.4 and 5.7; however, the HIS value
increased, especially in mice treated with carmoisine at different concentrations. Further, aggressive
cases were observed in male mice treated with 5000 mg/kg of carmoisine, while cases of diarrhea and
deaths were observed in both females and males. The LD50 value of carmoisine (determined via a
simple toxicity assessment) was found to be 4166 mg/kg body weight.

Table 1. Effect of Monascus pigment and carmoisine E122 at different concentrations on mean organ
weight (g), hepatotoxicity, mortality, and other observations.

Concentration
(mg/kg bw Mice) Body Weight Liver Kidney Heart Spleen L/B% H M 1

Control 26.04 ± 0.52 1.42 ± 0.12 0.16 ± 0.14 0.14 ± 0.10 0.12 ± 0.15 5.46 No
10 M 27.26 ± 0.58 1.50 ± 0.25 0.17 ± 0.11 0.15 ± 0.09 0.12 ± 0.08 5.51 No
10 C 26.11 ± 0.41 1.46 ± 0.02 0.16 ± 0.04 0.14 ± 0.02 0.12 ± 0.18 5.60 No

100 M 26.50 ± 0.23 1.48 ± 0.05 0.16 ± 0.21 0.14 ± 0.10 0.12 ± 0.15 5.60 No
100 C 27.80 ± 0.44 1.56 ± 0.05 0.17 ± 0.01 0.15 ± 0.07 0.13 ± 0.08 5.60 No

1000 M 28.40 ± 0.15 1.59 ± 0.03 0.17 ± 0.09 0.15 ± 0.04 0.13 ± 0.06 5.60 No
1000 C 27.28 ± 0.54 1.55 ± 0.01 0.18 ± 0.04 0.15 ± 0.06 0.13 ± 0.08 5.70 No
1600 M 29.23 ± 0.24 1.66 ± 0.03 0.18 ± 0.05 0.15 ± 0.04 0.13 ± 0.06 5.70 No
1600 C 28.11 ± 0.29 1.71 ± 0.04 0.19 ± 0.07 0.16 ± 0.09 0.13 ± 0.30 6.10 No
2900 M 29.73 ± 0.88 1.70 ± 0.16 0.18 ± 0.03 0.16 ± 0.05 0.14 ± 0.06 5.73 No
2900 C 28.61 ± 0.98 1.83 ± 0.06 0.207 ± 0.04 0.16 ± 0.06 0.14 ± 0.02 6.40 No
5000 M 29.73 ± 0.65 1.71 ± 0.09 0.18 ± 0.07 0.16 ± 0.04 0.15 ± 0.03 5.73 No
5000 C 28.61 ± 0.98 1.95 ± 0.05 0.20 ± 0.02 0.17 ± 0.03 0.14 ± 0.02 6.80 30%

M, Monascus red pigment; C, carmoisine pigment; M 1, mortality; H, hepatotoxicity: mortality with characteristic
enlarged liver (liver weight/body mass (L/B) % >7) was used as the measure of hepatotoxicity.

Aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase
(ALP) activities are indicators of hepatic health. Our study demonstrated that the Monascus pigment
exerted no significant effect on AST, ALT, and ALP levels compared to the control group (Table 2).
Blood urea nitrogen (BUN) is an indicator of kidney damage resulting from the enzymatic hydrolysis
of urea to ammonia by urease [58]. The current study showed that there were no differences in BUN
levels in mice fed the Monascus pigment compared to the levels in control mice. The results for blood
enzyme levels in mice fed the red Monascus pigments from M. ruber OMNRC45 were similar to those
obtained by Kumari et al. [31]. However, the carmoisine-fed mice showed significant differences in the
levels of AST, ALT, and ALP compared to the Monascus pigment-fed and control mice, possibly owing
to the effect of the synthetic dye. Although the values of most parameters evaluated in our study were
within the normal range, similar to findings reported by Serfilippi et al. [59], the values increased
significantly at high concentrations of carmoisine.
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Table 2. Effects of Monascus pigment and carmoisine E122 at different concentrations on the biological
activities of mice.

Concentration
(mg/kg bw mice) AST U/L ALT U/L ALP U/L BUN mg/dL

Control 76.02 ± 0.06 74.15 ± 0.07 38.56 ± 0.24 16.39 ± 0.12

10
M 76.03 ± 0.10 74.11 ± 0.02 38.61 ± 0.05 16.34 ± 0.12
C 77.36 ± 1.31 77.11 ± 1.59 39.60 ± 4.51 17.67 ± 1.22

100
M 76.08 ± 0.07 74.17 ± 0.12 38.53 ± 0.26 16.40 ± 0.17
C 77.75 ± 0.82 77.84 ± 0.81 40.12 ± 0.44 18.07 ± 0.72

100
M 76.10 ± 0.06 74.14 ± 0.04 38.73 ± 0.08 16.33 ± 0.22
C 78.10 ± 0.95 78.81 ± 1.42 42.06 ± 0.20 19.66 ± 0.26

1600
M 76.04 ± 0.12 74.19 ± 0.06 38.46 ± 0.12 16.30 ± 0.10
C 78.38 ± 1.26 79.86 ± 2.28 43.10 ± 2.83 20.30 ± 0.48

2900
M 76.09 ± 0.17 74.18 ± 0.06 38.59 ± 0.09 16.45 ± 0.28
C 81.09 ± 1.69 80.85 ± 3.34 46.59 ± 1.43 23.11 ± 0.10

5000
M 76.18 ± 0.11 74.19 ± 0.08 38.57 ± 0.23 16.39 ± 0.13
C 92.85 ± 2.12 92.86 ± 1.85 53.91 ± 2.67 28.39 ± 0.68

M, Monascus pigment; C, carmoisine dye; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
ALP, alkaline phosphatase; BUN, blood urea nitrogen; dL, deciliter.

Based on the results of the biosafety evaluation and findings reported by Serfilippi et al. [59],
the natural red pigment obtained from M. ruber OMNRC45 can be considered a promising natural
colorant. Conversely, the application of the synthetic dye carmoisine can induce several abnormal
signs in mice, especially at high concentrations, and it must be replaced with a safe natural product.

3.4. Sensory Evaluation of Food Products

Two food products were evaluated as models for food industries, and the results of sensory
scores are presented in Table 3. The food products (lollipops and jellybeans) acquired an intense
and persistent red color, and their organoleptic properties were enhanced upon the addition of red
pigments from M. ruber OMNRC45. The appeal, color, appearance, and overall acceptability of the
lollipops and jellybeans were considered to have improved owing to the use of the natural fungal
colorant. As stated in previous studies, the application of natural dyes can be potentially beneficial for
protecting consumer health because it allows the manufacturing of completely natural foods devoid of
artificial additives [60,61].

Table 3. Mean sensory scores of food samples colored with the red pigment from Monascus
ruber OMNRC45.

Food
Product

Sample of
Product Color Taste Texture Flavor Overall

Acceptability

Lollipops
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4. Conclusions

The fungal strain M. ruber OMNRC45 was shown to effectively produce a natural red pigment under
submerged fermentation conditions without producing the harmful mycotoxin citrinin. The production
of fungal pigments could be maximized by controlling fermentation conditions such as carbon
and nitrogen sources and the pH value. Sensory and biosafety evaluation of the red Monascus
pigment produced by M. ruber OMNRC45 indicated its biosafety and applicability as a food colorant
compared to unsafe artificial colorants. Further studies should be conducted to better understand
the sources, production, and biosafety of microbial pigments as promising alternatives to hazardous
artificial colorants.
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