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Abstract—Microbes are alternative source of natural pigments and fermentative production of various food grade pigments 
from potentially safe microorganisms are in the market and are reported in the literature. Carotenoids are a group of colored 
terpenoids with a variety of market applications. A total of 30 yellow and pink colored carotenoid producing bacteria and yeast 
strains were isolated were isolated from various potential aquatic, floral, and other natural substrates. Preliminary chemical 
tests UV profile and TLC studies indicate the carotenoid production. Among 10 yeast strains obtained one promising isolate 
suitable for the commercial production of carotenoids was obtained from coconut kernel. Morphological, biochemical and 
molecular characterization reveals the isolate belong to industrially important well known group of Rhodotorula sps. Small 
scale fermentation studies were carried out and pigment was isolated. TLC, FTIR and other spectral profile analysis reveals 
the pigment to be a carotenoid. The strain is able to grow on cheap media and  agro-residual wastes and is able produce lipids 
and carotenoids from glycerol. Controlled degradation and extraction of biomasss of this strain gave aroma compound 
mixture.  Studies suggest floral yeasts are potential sources of carotenoids and which can be used as food colorant and as 
aroma precursors. 
 
Index Terms— Microbial Carotenoids, Carotenoid application, Rhodotorula, Floral Yeasts. 
 
I. INTRODUCTION 
 
Colors are used to restore the color lost during 
processing, enhance the appearance of food, and make 
it preferable or attractive. Food colors are widely used 
in applications such as beverages, bakery, 
confectionary, dairy & frozen products, meat products, 
and others. The global food color market growth is 
inclined towards natural colors, as there is an increase 
in the health conscious consumer base that demands 
nature derived ingredients and additives in food. 
Natural colors provide various health benefits and 
their interest has increased due to the toxicity 
problems caused by those of synthetic origin [1],[2]. 
Carotenoids, anthocyanins, flavanoids, chloropylls, 
betacyanins, and phenolics and quinones are different 
types of natural pigments commonly used natural food 
colors. Carotenoids are yellow to orange-red pigments 
that are ubiquitous in nature responsible for the 
responsible for the beautiful colors of most fruits, 
flowers, birds, certain insects, and marine animals. 
They are widely used as neutraceuticals, food 
colourants in baked foods, cosmetics and animal feed 
additives, as vitamin and dietary supplements. They 
are used in ornamental traits to color the skin or egg 
yolks in poultry, to color the flesh of fish grown under 
aquaculture conditions, and to color the shells of 
crustaceans. They are important factors in human 
health and essential for vision. They are known  for 
their anti-oxidant, free-radical scavenging activity, 
anti-tumor properties and Immuno modulators 
properties and as precursors of vitamin A. Carotenoids 
like lutein and zeaxanthin are claimed to protect the 

retina, the macula lutea from damaging blue and 
near-ultraviolet light. Convincing evidence has been 
reported in number of epidemiological studies and 
direct clinical studies that suggest a central role for 
carotenoids as a means of reducing chronic diseases. 
Research reports suggest that antioxidant and free 
radical scavenging properties of carotenoids can lead 
to a reduced risk of heart disease, cancer, eye disease, 
and other diseases [3]-[8]. Products of carotenoid 
degradation such as ionones, damascones and 
damascenones are also important fragrance chemicals 
that are used extensively in the perfumes and 
fragrance industry. Both β-damascenone and β-ionone 
although low in concentration in rose distillates are 
the key odour-contributing compounds in flowers. In 
fact, the sweet floral smells present in black tea, aged 
tobacco, grape, and many fruits are attributed due to 
the aromatic compounds resulting from carotenoid 
breakdown [9-11].Carotenoids of exceptional purity 
and consistency can be obtained from plant based and 
chemical synthetic sources at low overall costs of 
production. The synthesis of certain carotenoids is 
very complex and synthesis of newer compounds 
requires a new chemical route, new knowledge and 
technology. Also chemical synthesis produces 
mixtures of stereo-isomers, some of which are not 
similar to or natural in activity and may have 
undesired side effects. There is consumer preference 
and increased awareness of superiority of natural 
carotenoids over synthetic ones. Despite the 
availability of a variety of natural and synthetic 
carotenoids, there is currently a renewed interest in 
microbial sources [12, 13]. Fermentative production 
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of commercially important carotenoids such as 
beta-carotene, lycopene, lutein, canthaxanthin, 
zeaxanthin and astaxanthin are reported in literature. 
Microorganisms are known to synthesize a wide 
spectrum of carotenoids. Most studied carotenoids 
producing bacteria include Flavobacterium 
Corynebacterium, Agrobacterium, Bacillus, 
Micrococcus, Bradyrhizobium, Brevibacterium, 
Gordonia, Altermonas, Flexibacter, Dietzia spps. 
Flavobacterium multivorum is known to produce 
zeaxanthin and similarly Agrobacterium aurantiacum, 
Paracoccus carotinifaciens  produce  Astaxanthin. 
Microalgae belonging to Chlorella, Dunaliella, and 
Haematococcus genera are reported as producers of 
commercially important carotenoids lutein, β 
-carotene and astaxanthin. The production of 
beta-Carotene by the microalgae Dunaliella sp. is a 
well-developed technology. The production of 
astaxanthin another important carotenoid is a red 
pigment of great commercial value from 
Haematococcus pluvialis and other organisms has 
been extensively studied. The green alga 
Neospongiococcum excentricum was shown to 
produce zeaxanthin. Among microbial sources of 
yeasts such as Phaffia, Rhodotorula, Rhodosporidium, 
Sporidiobolus, Sporobolomyces, Cystofilobasidium 
and Kockovaella are of commercial interest. Attempts 
are being made to produce canthaxanthin from 
mutated strains of Phaffia rhodozyma. Several new 
species of yeasts known to produce higher levels of 
these carotenoids have recently been discovered. 
Rhodotorula glutinis is pigmented yeast of importance 
for food industries because it’s biotechnological 
potential and safety implications. Various strains of 
Rhodotorula present important features such as the 
production of large amounts of carotenoids, single-cell 
proteins from ethanol, acetic acid and acetaldehyde. 
[14-22] Carotenoid-producing bacteria with potential 
probiotic activity may offer food and drink formulators 
a double nutritional boost for their products, and a 
number of major food companies are interested in 
licensing carotenoid-producing bacteria with 
probiotic benefits, according to few market research 
news sources. Researchers claim Bacillus genus 
bacteria form carotenoid-rich spores that can survive 
the acidic environment of stomach before entry to the 
intestinal tract and this could have possible 
applications to baked foods. Bacillus indicus HU36 
and Bacillus firmus GB1 are two such strains patented 
by the University of London. Patent literature reveals 
the importance of probiotic organisms synthesizing 
carotenoids[23-27].There are several distinct 
advantages in the microbial production of carotenoids. 
Fermentation technology for large-scale production of 
many secondary metabolites is well 
established[13,14,21].Although over 600 different 
carotenoids have been described so far, only a handful 
of carotenoids are currently exploited on industrial 

scale. Industrially feasible robust cost-effective 
fermentation production can be achieved by screening 
of hyper-carotenoid producers, media optimization by 
use of cheap industrial by-products as nutrient sources 
of fermentation and downstream processing 
parameters. There is need for further research to 
explore microorganisms for their ability to synthesize 
carotenoids. In view of commercial importance and 
potential applications, present work on screening and 
microbial production of carotenoids for potential food, 
flavor and fragrance applications is undertaken. 
 
II. MATERIALS AND METHODS 
 
Soil samples, floral and natural dye yielding plant 
samples which were used, were collected from in and 
around Jamboti village, Belgaum, Karnataka. Aquatic 
samples known to be potential source of pigments 
producing bacteria were collected for the study from 
the various sources like local lake in Belgaum, Fish 
Lake from Karatagi, Karnataka, and sea waters from 
Goa. The collected samples were stored in aseptic 
packing until the analyses commenced 
 
Isolation of pigmented bacteria and yeasts.  
Screening, Isolation of bacteria and yeasts from soil, 
aquatic samples, wild flowers and their floral nectars 
and natural substrates were carried by standard and 
modified selective, enrichment microbiological 
techniques as per the protocols of manual of industrial 
microbiology and biotechnology (28). Selected 
pigmented colonies are streaked on to appropriate 
maintenance agar media for pure culture isolation. All 
the isolates those that presented the desired coloration 
were maintained and preserved on appropriate media 
as per standard microbiology protocols were codified 
to facilitate future identification. Nutrient Agar media, 
Dextrose Sorbitol Mannitol (DSM) Agar, Nitrate 
media for bacteria, and Sabouraud Dextrose Agar, 
Yeast Extract Malt Extract agar, Yeast Extract 
Peptone Dextrose agar, and Yeast Extract Malt agar 
for yeasts was used. 
 
Test for presence, fermentative production, 
extraction and identification of caretonoids  
Small scale production of carotenoids was carried out 
in shake flask culture using 50 ml broth in the orbital 
shaker at 300c at 150 rpm for 1 week. After one week 
of culture, cells were harvested by centrifugation 
(15,000 g for 10 minutes).Cell pellet was 
re-suspended and washed three times with saline 
water and lyophilized in a freezer dryer for 24 hours. 
Cells are disrupted using glass beads and acetone for 
10 min. Crude pigment was extracted from dried cell 
mass using petroleum ether and distilled water 
mixture and was repeated two times. Anhydrous 
sodium sulfate was used to dry the non-polar phase, 
and then the pigments were concentrated on a rotating 
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evaporator. The resultant acetone and petroleum ether 
extracts were evaporated to dryness and dissolved in 
chloroform-methanol (9:1). The presence of 
carotenoids was determined by spectroscopic analysis. 
All procedures were performed under low-light 
conditions. Test for presence of carotenoid pigments 
in yeasts was also carried out using the established 
protocols with minor modifications (29-32). 
 
Characterization of isolates 
Cultural, morphological and microscopic 
characteristics as well as biochemical tests were 
carried to determine the genus of all the selected 
isolates. Molecular characterization of Promising 
bacterial isolates was done using 16sRNA gene. 
Pigmented yeasts were classified according to the 
methods currently employed in yeast taxonomy and 
molecular characterization of promising yeast isolates 
yeast was done on the basis of ITS region for 
yeasts(33,34).Yeast biomass was collected from 2 mL 
of yeast culture grown in YPD media was  centrifuged 
at 10,000 rpm for 10 min in refrigerated 
centrifuge ,was washed twice with water, and 
extraction of genomic DNA was carried out using a 
commercial kit (geneO-spin Microbial DNA isolation 
kit) according to the manufacturer’s protocol. Fungal 
ITS region was amplified using standard PCR reaction 
using primer pair ITS1 
TCCGTAGGTGAACCTGCGG & ITS4 
TCCTCCGCTTATTGATATGC with an annealing 
temperature of 54°C. After amplification, PCR 
product was purified by using a geneO-spin PCR 
product Purification kit (geneOmbio technologies, 
Pune; India) and DNA sequencing was performed 
using one of the PCR primers used in a PCR reaction 
with an annealing temperature of 54°C. After 
amplification, products were purified by using a 
geneO-spin PCR product Purification kit (geneOmbio 
technologies, Pune; India) and were directly 
sequenced using an ABI PRISM BigDye Terminator 
V3.1 kit (Applied Biosystems, USA). The sequences 
were analyzed using Sequencing Analysis 5.2 
software. BLAST analysis was performed at 
http://www.ncbi.nlm.nih.gov/BLAST. 
 
III. RESULTS AND DISCUSSION 
 
Pigmented bacterial and yeast species were isolated 
using standard microbiological serial dilution and 
plating techniques. Around 30 plates of Nutrient Agar 
media, Dextrose Sorbitol Mannitol (DSM) Agar, 
Nitrate media nutrient agar plates were used for 
screening bacteria. Faint yellow, pink ,red colored 
colonies were observed in normal lake samples while 
relatively intense colored colonies were observed from 
fish lake water samples (which are known to be 
potential sources of flavobacteria reported for 
carotenoid production) and soil samples. Pure cultures 

were obtained by streak plate method, subcultured and 
maintained on nutrient agar slants, considered for 
further investigation. Variation in color intensity of 
subcultured slants and fermentation flasks subjected to 
different cultivation conditions such as temperature, 
light, media and salt concentrations was observed 
indicating that they may have influence on carotenoid 
production. Promising colored colonies were selected 
and used for Representative pictures of screening and 
isolated strains are shown in figure1. further studies 
on carotenoid production. Gram staining and 
biochemical tests were performed for selected yellow, 
pink and red colored strains. Based on the 
morphological, microscopic, biochemical and 
molecular characterization studies they were found to 
belong to Flavobacterium, Micrococcus, 
Staphytococcus and Bacillus sps. Small scale 
fermentation were carried out, biomass was separated 
by centrifugation at 10,000g for 20 min. Bacterial 
pellets was subjected to solvent extraction. Qualitative 
tests and the spectral profiles of solvent extracts reveal 
the presence of carotenoids. Although carotenoids can 
be obtained by chemical synthesis and from plant 
based sources, problems regarding environment and 
health concerns, seasonal and geographic variability 
limit their source. Commercial production of 
carotenoids through microbial fermentation 
technology is highly efficient and offer unique 
advantages in terms of large scale production, cost 
effectiveness and safety. Carotenoids are widely 
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distributed in microorganisms including bacteria, 
yeast, fungus and algae. Although many of these 
pigmented bacterial strains are reported to produce 
carotenoids their production from yeast offers special 
economic advantages. Around 40 media plates of 
Sabouraud Dextrose Agar, Yeast Extract Malt Extract 
agar, Yeast Extract Peptone Dextrose agar, and Yeast 
Extract Malt agar Yeasts were used for isolation of 
yeast from soil, floral and natural substrates. 
Representative pictures of screening of bacteria, yeast 
and isolated strains are shown in figure1. Yeast 
species belonging to the genera Rhodotorula and 
Phaffia are considered to be potential carotenoid 
pigment sources are known for production of 
commercially important carotenoids beta-carotene, 
torulene, torularhodin and astaxanthin. Based on the 
morphological, microscopic and biochemical studies 
of isolated yeast strains Yeast strains belonging to 
these genera were considered for further study. Small 
scale fermentation studies were carried out for 
potential strains. It is found that carbon, nitrogen 
source, salt, metal ion concentration and light had an 
influence on production of carotenoids as evidenced 
by visual observations of fermented broths and on the 
basis of spectral observations for many of the strains 
under consideration. One promising isolate 
DNSCOCOYeastFI79 obtained from coconut kernel 
was considered for further study based on the 
morphological and microscopic observations. The 
strain was nutritionally non-fastidious and robust, was 
growing easily on most media with a rapid growth rate 
which are ideal for commercial fermentative strain. 
Molecular characterization reveals it to belong to 
Rhodotorula sps. Representative pictures of 
fermentative production, isolation of genomic DNA, 
PCR of ITS region and its sequencing results, 
organism report and FTIR spectra of the isolated 
carotenoid are shown in Figure 2. 
 

 

IR spectra show similar patterns of carotenoids. 
Bioconversion of crude glycerol to lipids and 
carotenoids was attempted using the strain and 
encouraging results are obtained. The strain is able to 
utilize wide range of carbon sources, glycerol for 
production of lipids and carotenoids. Biomass when 
subjected to controlled degradation gave an aromatic 
flavor. Studies suggest that floral yeasts are potential 
sources of carotenoids. Carotenoid yeasts can be used 
as food colorant, for bioconversion, as aroma 
precursors and other color applications. Yeast 
biomasses when subjected to controlled heat 
degradations aromatic volatile compounds were 
obtained. Aroma compounds derived from carotenoids 
are widely distributed in nature, and they are 
precursors of many important aromas in foods. 
Carotenoid yeasts can thus be utilized for various food 
colors, cost effective sources of precursors of aroma 
compounds and bioconversion applications. 
 
CONCLUSION 
 
Carotenoids have commercial importance and 
potential food, flavor and fragrance applications. 
Microbial production of carotenoids offers special 
advantages. In an attempt to isolate industrially 
important carotenoid producing bacteria and yeasts 
from various potential aquatic, floral, and other 
natural substrates were screened. Yellow, pink, 
orange, red colored strains bacterial and yeast strains 
were isolated from different natural sources. Small 
scale fermentative studies were carried out. 
Preliminary chemical tests UV profile and TLC 
studies indicate the carotenoid production. One 
promising yeast isolate suitable for the commercial 
production of carotenoids was obtained from coconut 
kernel. Morphological, biochemical and molecular 
characterization reveals the isolate belong to 
industrially important well known group of 
Rhodotorula and is similar to Rhodotorula. 
mucililiginosa. Small scale fermentation studies were 
carried out and pigment was isolated. TLC, FTIR and 
other spectral profile analysis reveals the pigment to 
be a carotenoid. The strain is able to utilize the 
glycerol as carbon source for production of lipids and 
carotenoids. Controlled degradation of this yeast 
strain biomass was giving aroma flavour. Studies 
suggest floral yeasts and bacteria are potential sources 
of carotenoid organisms.  Rational approach in 
isolating Potential groups of bacteria and yeasts 
known to produce commercially important 
carotenoids using selective and enrichment techniques 
will give fruitful results. 
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