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Scientists and consumers preference focused on natural colorants due to the emergence of negative health effects of
synthetic colorants which is used for many years in foods. Interest in natural colorants is increasing with each passing day
as a consequence of their antimicrobial and antioxidant effects. The biggest obstacle in promotion of natural colorants as
food pigment agents is that it requires high investment. For this reason, the R&D studies related issues are shifted to
processes to reduce cost and it is directed to pigment production from microorganisms with fermentation. Nowadays, there
is pigments obtained by commercially microorganisms or plants with fermantation. These pigments can be use for both
food colorant and food supplement. In this review, besides colourant and antioxidant properties, antimicrobial properties
of natural colorants are discussed.
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1. Introduction
Nowadays various chemicals are used as protection and therapeutic purposes. In food industry, usage of chemicals to
ensure and increase the food safety is considerably common (1).
Colour of the commercial products play a vital role to attract the consumers and also represent the quality of the
products (2). Color is added to food for one or more of the following reasons: to replace color in the food, which is lost
during processing, to enhance color of the food already present, to color otherwise uncolored food, and to supplement
food with nutrients (3).
Increasing consumer demand towards natural ingredients, increase the usage of natural colorants instead of synthetic
food colorants (1). Natural colorants can be obtained from vegetable and animal products. However they can also be
synthesized from microorganisms (3,4). Today in both Europe and the US, most of the colour materials are obtained
from natural sources as a result of the interest of the consumers in natural colorants has increased significantly because
these are qualified and healthy (3).
In the food industry, the usage of food colorants as additives is an important factor in determining the acceptability of
processed food for food producers and consumers. In the world, food colorants that permitted for use are obtained
synthetically or from natural sources by physical, chemical extraction. It is problematic the production of many known
food colorants due to limited stockpile and complexity of pigment extraction. An alternative method for production of
natural food colorants is biotechnological production from microorganisms. Pigment production from microorganisms
and microalgae is widespread in nature (5).
Today, pigments are used in many areas such as medicine, food, ink, paper, textiles, aquaculture, animal feed and
food (6,7,8). Carotenoid, an important pigment, was obtained from plants by extraction for many years. Although plants
are rich sources of carotenoids, various microbiological processes are used for commercially carotenoid production (9).
Pigment producing microorganisms are quite common in nature and rich in colour. Their different chemical
composition and presence of specific chromophores are the reason of diversity in pigments (10). Streptomyces
chrestomyceticus, Blakeslea trispora, Phycomyces blakesleeanus, Flavobacterium sp, Phaffia sp. and Rhodotorula sp.
are defined as carotenoid producing microorganisms (11,12,13).
Because of the main problem is seasonal and geographical diversity about vegetable colorants, microbial carotenoid
production is being preferred due to possible usage of low cost carbon sources (2,14,15). The cost of carotenoids
production by fermentation can be minimized by optimizing its process, using highly pigment-producing
microorganisms especially Rhodotorula cultured in cheap industrial by-products as nutrient sources (2).
Many researches have been done about antioxidant and antimicrobial properties of natural pigments that used as food
colorants. Microbial pigments have been shown antimicrobial effect on some food pathogens and food spoilage
microorganisms (16). Interest in carotenoids has increased considerably, due in part to the growing evidence of benefits
to human health and also to the growth of certain areas of agriculture, especially aquaculture and poultry industry (17).

2. Pigments synthesized from microorganisms
Due to colours, pigments are water insoluble inorganic and organic materials that generally used for surface coverings
(18). Carotenoids are oil soluble natural pigments that an attractive class of tetraterpenoid pigmented compounds
naturally produced by diverse organisms including plants, fungi and photosynthetic bacteria. Carotenoids can be
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provide the desired colour in many food and have important biological activities (2,19,20,21). It has become apparent
that microbial carotenoids have biological significance other than their antenna function in photosynthesis since their
major functions have been indicated in fungi and non-photosynthetic bacteria (22). Several studies have shown that
carotenoids can be used as therapeutic agents against various type of cancer and other diseases due to their antioxidant
and/or provitamin A properties (21).
Industrial carotenoid pigments such as -carotene, astaxanthin, and recently torularhodin, are used as natural food
colorants or food additives. Facing the growing economic significance of carotenoids, much interest has been dedicated
to new supplies of this class of pigments (21).
Microbial synthesis offers a promising method for production of carotenoids. This explains the increasing interest in
production of microbial carotenoids as alternative for synthetic food colourants (17). Several algae (Dunaliella,
Dictyococcus and Haematococcus), bacteria (many species of eubacteria in addition to halobacteria in archaebacteria),
some filamentous fungi (belong to lower fungi and Ascomycetes), yeasts (Cryptococcus, Phaffia, Rhodosporidium,
Rhodotorula, Sporidiobolus, and Sporobolomyces) are reported to produce carotenoids (1,17,21). The major carotenoid
pigments obtained by biotechnological methods are torularhodin, -carotene, and torulene produced in various
concentrations by Rhodotorula yeasts and astaxanthin from Phaffia rhodozyma or the green alga Haematococcus
pluvialis (21).
Carotenoids play an important role in the photosynthetic process. They are also found in non-photosynthetic bacteria,
yeast and fungi, protecting these organisms from the damages generated by light and oxygen (20). These molecules are
tetraterpenes whose color ranges from yellow to orange and up to red (20,21). Carotenoids are widespread in nature and
have a large diversity, but some are more common (-carotene, lycopene, lutein, etc.), being found in several vegetables
and animal tissues. (20).
The synthesis of different carotenoids by several colored yeast species has posed these microorganisms as a potential
source of pigments and hence an interesting issue for biotechnological studies (23).
Carotenoid biosynthesis is a specific feature of the Rhodotorula species and Phaffia genera (24). The production of
carotenoids by genus Rhodotorula is affected by species, medium constituents and environmental conditions (17).
Bacteria, yeasts and fungi are able to synthesize carotenoids, but the pigment of interest, torularhodin, is only produced
by some yeast cultivated in a rich medium with peptone and yeast extract as nitrogen source and specific carbon sources
to be replaced by agricultural by-products (24).
Table 1 Microorganisms and their pigments.
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Microorganisms

Pigments

References

Neurospora sp.

Orange-red

25

Achromobacter

Red, orange, pink

26

Haloferax alexandrinus

Red

27

Bacillus sp.

Yellow, orange, pink

28

Brevibacterium sp.

Orange

29

Corynebacterium michigannisse

Greyish, creamish

6

Pseudomonas sp.

Yellow-green, brown

30

Arthrobacter

Yellow

31

Cystofilobasidium infirmominiatum

Red

32

Rhodococcus maris

Deep Red

33

Streptomyces sp.

Yellow, red, blue

6,34

Aspergillus sp.

Orange, red

35

A. glaucus

Dark red

36

Blakeslea trispora

Cream

35

Helminthosporium catenarium

Red colour

35

H. gramineum

Red

35

H. cynodontis

Bronz colour

35

H. avenae

Bronz colour

35
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H. catenarin

Dark maroon

35

Monascus purpureus

Yellow, orange, red

38

Penicillium cyclopium

Orange

39

P. nalgiovense

Red

53

Cryptococus sp.

Red

35

Phaffia rhodozyma

Orange to salmon-red color

40,41

Rhodotorula sp.

Yellow, orange/red

42

Yarrowia lipolytica

Brown

43,44

Dunaliella salina

Orange, red

37,45

Sporobolomyces roseus

Reddish-pink

46

Penicillium chrysogenum

Yellow

37,53

Torulene and torularhodin are carotenoid biopigments that are found in several red yeasts, such as Rhodotorula
glutinis and Sporobolomyces ruberrimus. These microorganisms also produce carotene, although in smaller amounts
(20).
A red yeast, Rhodotorula glutinis, biosynthesizes -carotene and torularhodin as final products of carotenoid biosynthesis. On the other hand, torularhodin is biosynthesized from -carotene via tolurene (22).
Phaffia rhodozyma, another red yeast, produces in large scale the carotenoid pigment astaxanthin, but this yeast has
also the ability to produce torulene in its metabolic pathway (20).
Violacein is a versatile pigment from a bacterium Chromobacterium violaceum that exhibits several biological
activities and, at present, has gained increasing importance in industrial markets, such as in medicine, cosmetics, and
textiles. Chromobacterium violaceum is one of the most studied bacterium in the violacein-production eld, despite the
variable yields and conditions of production reported from other bacterial sources, such as the psychrotrophic bacterium
RT102, Janthinobacterium lividum, and Alteromonas luteoviolacea (47).
Violacein was manufactured by culturing Chromobacterium and Janthiobacterium in media containing beast hair
degradation products as C supplements and was used for dyeing brous materials and nylon cloth. In a similar way, it is
possible to use natural bers, such as silk, cotton, and wool and also chemical bers, such as nylon and vinylon. The
arrangement for dyeing was done by changing the dipping time and temperature of the pigment solution; color tone was
selected from deep bluishpurple to light purple. (47). Violacein from Pseudoalteromonas sp. (DSM 13623), which has
been discovered as a pigment-forming bacterium, was proposed for economical use in large amounts for consumer and
environmental-friendly products, especially in the food, textile, and toy industries (47).
A number of microorganisms, including bacteria, algae, mold and yeasts, produce a broad range of carotenoids,
including - and carotene, torulene, lycopene and astaxanthin. Several factors affect the biosynthesis of these
substances, including: the composition of culture media, light irradiation, which may enhance the carotenoid production
up to 25 % of the non-irradiated cultures, and temperature, which changes the carotenoid balance towards more of the
acidic carotenoid (torularhodin) or the hydrocarbon (torulene). It is still necessary to evaluate the bioactivity of the
pigments in humans (20).

3. Antioxidant properties of pigments synthesized from microorganisms
Amongst pigments of natural origin, carotenoids seem to play a fundamental role, their presence in the human diet
being considered positively because of their action as pro-vitamin, antioxidant or possible tumors-inhibiting agents
(1,2,24). Due to the growing scientific evidence on the potential benefits of carotenoid pigments in human and animal
health, there has been an increasing commercial interest during the past years in natural sources (23). The consumption
of a diet rich in carotenoids has been epidemiologically correlated with a lower risk for several diseases (19). Thus,
carotenoids constitute one of the most valuable classes of compounds for industrial applications, e.g. in pharmaceutical,
chemical, food and feed industries (2).
Carotenoids pigment biosynthesis is a characteristic ability of the genus Rhodotorula (2,19). Easily identifiable by
distinctive yellow, orange/red colonies. The main carotenoids produced in Rhodotorula species are torularhodin,
torulene and -carotene and minute quantity of -carotene (2,48).
Torularhodin and torulene are two widespread microbial carotenoids with relatively few studies, as compared to
other nutraceutical carotenoids such as carotene, lycopene and astaxanthin. Karrer et al. (1951) had reported some
substances that they described as “non-familiar” carotenoids, including torularhodin, which showed action as pro-
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vitamin A. Gribanovski-Sassu and Foppen (1968), described torularhodin as a product of the oxidation of torulene,
which was derived directly from -carotene. Subsequently, Moore et al. (1989) reported torularhodin in R. mucilaginosa
as a carotenoprotein, a complex that was expected to be more water-soluble and stable than the free carotenoid. Several
genera of microorganisms produce it in high concentration (up to 0.1 % of the cell dry weight), probably as a protection
against photooxidation and free radicals. Torularhodin shows a considerable antioxidant activity that helps the
stabilization of membranes under stress conditions. These carotenoids are beneficial because they are precursors of
vitamin A and hormones and they have antiaging and antioxidant capacity. They may also prevent certain types of
cancer, and enhance the immune system (20). Torularhodin is a unique carotenoid with carboxylic acid and shows
considerable antioxidant activity (22). Torulene, the major carotenoid of R. mucilaginosa, is an interesting carotenoid
for industrial applications. These pigments, which differ by a terminal carboxylic group, have provitamin-A activity
and, being red, have potential use as food and cosmetic color additives. These possibilities make torularhodin and
torulene a hot research topic in carotenoid biotechnology (20).
Torularhodin has been demonstrated to protect against oxidative stress and is considered to be one of the most
important carotenoids for such protection among the carotenoids produced in yeasts (20). According to studies, R.
glutinis produces more torularhodin than -carotene during oxygen loading. It can therefore be presumed that
torularhodin provides defense against active oxygen species in yeast cells (20,22).
Probably because torulene and torularhodin have not been detected in foods, their possible effects on human health
have not been studied yet. However, if the structural characteristics of the molecules of these pigments are
characterized, and considering its proven activity as pro-vitamin A and antioxidants, and its possible activities as
antitumoral or enhancer, it is clear that these substances may be used as food, feed and cosmetic additives. In fact, there
are species of yeasts that contain these pigments, like Rhodotorula, that are used for animal feeding (e.g. chicken feed,
where the yeast aids in increasing body fat, gives better appearance and increases the nutritional properties of the meat).
As a pigment, torulene might be used in the same way as other hydrocarbon carotenoids such as beta carotene or
lycopene, thus being a novel red hue to be used as an additive. Torularhodin, at the other side, is an acidic carotenoid
and might be used in the same way as bixin and norbixin, the major carotenoids of annatto extract; an obvious use
would as a substitution of these in meat products. As an antioxidant, torulene and torularhodin could be used in the
same way as potent carotenoid antioxidants such as astaxanthin and lycopene, and again torularhodin could be of
advantage in specific formulations because of its carboxyl group, which may enhance its solubility in aqueous
formulations. In any of these cases, the technology for formulation of the carotenoids would be the same that already
existed for other carotenoids: solutions of the extract in edible oils, oil-in-water emulsions of the pigments, dispersible
powders (20).
Lycopene, the strongest natural antioxidant, is a symmetrical tetraterpene assembled from 8 isoprene units. Fungi of
the genera Phycomyces and Blakeslea are potential lycopene producers. Cyclase inhibitor 2- (4-chlorophenylthio)triethylamine (CPTA) and chemical stimulators such as pyridine, imidazole, and methylheptenone have been reported
to stimulate lycopene accumulation in B. trispora and P. blakesleeanus. The most important peculiarities of lycopene
are its very high singlet oxygen-quenching activity and a manifest capacity to suppress the proliferation of MSF-7
tumor cells. Lycopene finds applications in beverages, dairy foods, surimi, confectionery, soups, nutritional bars,
breakfast cereals, pastas, chips, sauces, snacks, dips, and spreads. (49).
Astaxanthin is an interesting carotenoid owing to its high market price and the growing demand for it and commonly
found in marine and freshwater animals (8,50). Astaxanthin is used as a supplement for aquaculture and poultry feeds,
because it is deposited in flesh and egg yolks. Astaxanthin can be produced by chemical or biotechnological means (8).
The red yeast Phaffia rhodozyma is one of the best potential candidates for the bio- technological production of
astaxanthin (8,50). A number of research works on this subject have been reported over the last few years. Some of
them deal with the optimization of astaxanthin production, either analysing the influence of the operational conditions
(temperature, pH, aeration) or by considering the type and concentration of the carbon source (8). The large-scale
isolation ofastaxanthin from this yeast is desirable because of its potential use as a pigment source in fish diets (50).
Violacein exhibited antitumoral activity and possesses a signicant antioxidant activity, probably due to its biological
functions. Violacein appeared as an important pharmaceutical for many infectious diseases, such as leishmaniasis,
trypanosomiasis, and malaria, besides its major potential as an anticancer agent. Its striking capacity of acting in many
diverse physiological settings and its potential therapeutic applications demonstrated so far in vitro and in animal
models, in conjunction with the toxicological data, led us to predict that further research will further reveal violacein
exceedingly useful in the clinical setting. In parallel, violacein has been shown potential economical importance for
industrial purposes, offering the opportunity for unique applications in cosmetics and textiles, as well as in the agroindustry (47).
Some species of the genus Monascus have long been used in East Asia as a natural food colorant for red rice wines,
red soy-bean cheeses, and meat and fish products (51).
The utility of carotenoids as anticancer agents, as singlet oxygen or free radical scavengers, as immune response
stimulants and as colouring agents for cooked sausage, soft drinks, baked goods and as additive to cosmetics is well
known (17).
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4. Antimicrobial properties of pigments synthesized from microorganisms
Many studies have been made about investigation of antioxidant and vitamin effects of pigments. Another property of
pigments is their antimicrobial effect that discovered recent years and have very little research conducted about it (1).
The usage of antimicrobial active food additives in food has been discussed for many years by the reason of it may
create a risk to human health and in case of using these substances, it is believed that less attention will be on hygiene
practices. However, usage of these substances has been effective to increase of direct consumption due to extend shelf
life of food. Nowadays, considering the growing demand for natural ingredients has been increasing, the use of
antimicrobial agents that natural and allowed to attend in food is a subject that should be developed in harmony in terms
of industry, consumer and legal practices (4).
Ang-kak is a food colorant which is obtained from the rice after fermented (with M. purpureus and M. ruber), dried
and then grinded. With addition of ang-kak to foods, product flavor and stability are increasing besides the change in
product colour (4). Typical Monascus pigments are red, orange and yellow. There are report that orange Monascus
pigment has a weak antimicrobial activity whereas red pigment has little or no activity (51). Cheng and Tseng (1989)
reported that Monascus purpureus products have been showed antibacterial effect on S. aureus (52).
The studies conducted about antimicrobial effect of violacein showed that violacein inhibited growth of Gram
positive bacteria except Clostridium welchii. Subsequent antimicrobial tests conducted in 51 bacteria strains conrmed
its inhibitory activity against Gram positive bacteria and only a small effect on Gram negative ones. Moreover, the
antimicrobial activity was improved by increasing violacein concentration from 2 (5.8 lM) to 20 lg/ml (58 lM). The
antibacterial action of a mixture of violacein and deoxyviolacein isolated from the bacterium strain RT102 was
demonstrated against Gram positive B. lichenniformis, B. subtilis, B. megaterium, Staphylococcus aureus, and Gram
negative Pseudomonas aeruginosa, at a high concentration of the pigment (47).
According to the results obtained in a study about effect of carotenoids extracted from Rhodotorula glutinis on some
food pathogens, it was determined that the most sensitive bacteria is Salmonella Enteritidis B42 and the most resistant
bacteria is the species of Bacillus. Furthermore, it was found that effect of carotenoid extract on pathogenic bacteria
does not depend on the carotenoid consantration, it depends on Rhodotorula glutinis strains and number of bacteria in
the medium (16).

5. Future Perspectives for Microbial Pigments
With the increased demand for natural and healthy products in recent years, a large market of pigments is actually
satisfied through synthetic way. However, in food and cosmetic industries, the application of chemically synthetic
carotenoids is restricted because of their toxicity (2,8). Carotenoids are gaining importance as natural food colorants in
view of possible safety hazards of chemical colorants and there is a great potential for using Rhodotorula carotenoids in
foods and feeds (48).
In spite of possible limitations, microbial pigments represent an innovative strategy to develop and test new natural
colorants with efficacious antimicrobial and/or antioxidant properties.
In particular, the development of carotenoid-preparation biotechnologies is considered a competitive solution, as it
can provide important quantities of pigments such as torularhodin and -carotene formed by Rhodotorula species or
astaxanthin from Phaffia rhodozyma without facing the typical problems generated by the weather dependency of the
agriculture production (21). Torulene and torularhodin may have important future uses, but much research is still
needed for these and other carotenoids. Their metabolic roles in the microorganisms have not yet been fully clarified,
nor has their nutraceutical effect in humans. The production and use of these pigments is still in developmental stage.
(20). Besides the coloring properties of carotenoids, it will be clarified with experiments conducted about whether
carotenoids can be used as antimicrobial and antioxidant on foodstuffs (16). It is only recently that active search for
producer strains started, and there is not yet industrial production, no consensus about best culture media and only
partial information in terms of the regulation of its biosynthesis in the cultures, through the manipulation of physicochemical conditions. While biosynthesis pathways for the production are well studied, the downstream and
physiological effects of these pigments are still under study, and are an absolute requirement for widespread use of
these pigments to occur (20).
This present review describes some of the promising natural colorants produced by microorganisms which can be
used as a novel source of antioxidant and antimicrobial agents.
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