
International journal of advanced scientific and technical research        Issue 5 volume 1, January-February 2015 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 311 
 

Potential of cyanobacterial consortium of hot springs for 

high value pigment production and dye decolorization 
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Introduction 

Cyanobacteria are gram-negative photo-autotrophic prokaryotes, which are found in 

all ecological niches of terrestrial and aquatic ecosystems. They have the ability to utilize 

CO2 and water in the presence of visible region of solar spectrum and produce carbohydrates 

and oxygen. Besides being the primary producers in the food web of both aquatic and 

terrestrial ecosystems, the cyanobacteria are also rich in high-value biochemicals, which are 

of great interest today due to their natural origin [1]. These high value products have great 

commercial and industrial importance due to their natural origin.  
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Abstract 

The present study was aimed at assessing qualitatively and quantitatively various 

pigments of high value produced by a composite cyanobacterial consortium obtained 

from two hot springs of India. Amongst the pigments, phycobilins were found in 

much larger proportion than other pigments and carotenoids were also in quite high 

concentration exceeding that of chlorophyll. Interestingly, live biomass was found to 

be more effective than dry biomass in removing the two textile dyes. For reactive 

Yellow dye live biomass was found to be very efficient removing 98.58%in free form 

and 92.81% in immobilized form. Removal of Crystal violet dye was relatively less, 

being 67.92% and 46.72% respectively in free and immobilized form. Higher 

pigment yields were obtained using photo bioreactor based mass culturing of the 

composite consortium. 
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A microalgal photosynthesis system not only reduces CO2 but also provides a large 

amount of potentially beneficial biomass which is used in production of biofuels, soil 

stabilizers, fertilizers, feedstock, healthy ingredients, or fine chemicals [2,3]. Some 

cyanobacteria have also been found to intracellularly accumulate polyhydroxyalkanoates 

(PHA), which are comparable in properties to polyethylene and polypropylene [4]. These 

biodegradable plastics could replace oil-derived thermoplastics in some fields. The natural 

pigments produced by cyanobacteria include phycobilins, carotenoids, and chlorophyll which 

have several important applications besides being involved in photosynthetic process and also 

have several industrial and commercial uses. These pigments are used in food industry 

cosmetics and pharmaceutics as colorant, antioxidant and with certain medicinal properties. 

Hence, it is important to study the production of such piments by cyanobacteria [5,6].  

Besides production of beneficial pigments, the algal biomass finds application in 

biosorption studies. Use of cyanobacteria for removal of dyes from wastewaters has been 

found to be very effective [7,8,9]. Recent research on cyanobacteria has demonstrated that 

they form ideal consortia with chemotrophic bacteria and can effectively be used to cleanup 

oil-contaminated sediments and wastewaters [10]. 

Though in recent years, pigment production has been studied in cyanobacteria under 

environmental stress conditions [11,12,13], there are limited reports on such aspects under 

thermal conditions [3]. It is important to explore the cyanobacterial consortia of geothermal 

springs for their potential of pigment production as well as their ability to remove pollutants 

under high temperature conditions, because many industrial effluents have high temperature 

[14]. It is worthwhile to see whether thermophilic cyanobacteria could be useful under such 

conditions. 

In the present study, therefore, we have explored the production of chlorophyll-a, 

carotenoids and phycobilins by a composite cyanobacterial consortium obtained from two hot 

springs and studied the decolorization of two toxic dyes Reactive Yellow (M3R) and Crystal 

violet, using biomass of the consortium in free and immobilized, live and dead forms. 

2. Materials and Methods 

2.1. Culture conditions 

Cyanobacterial biomass along with spring water was collected in sterilized reagent bottles 

from two hot springs, at Sohana, Haryana (28
o
14’47.67”and 77

o
3’52.06”), India. Inoculum of 

each of the two consortium (10 ml) was added independently to sterilized BG-11 medium 

taken in 250 ml Erlenmeyer flasks under aseptic conditions at 45°C temperature.  BG-11 

medium was used composition of which has been given earlier [15], specifically suited for 

the growth of cyanobacteria. The pH of the medium was adjusted to 7.5±0.5 using 0.1N HCl 

or 0.1N NaOH solutions before autoclaving. It was incubated under continuous illumination 

of 3000lux light intensity at 45
o
C in an orbital shaker (Orbitek LT-IL) at 120rpm for two 

months and sub culturing was done after every 15 days for maintenance of the culture in 

active form. The consortial biomass was harvested during the exponential growth phase (7
th

 

day of incubation) and concentrated by centrifugation and mixed together (1:1 w/w) to form a 

composite consortium that was used for further experiment. 

Production of various photosynthetic pigments in the culture was assessed after harvesting at 

different time intervals (7, 14, 21 and 28
 
days).  

2.2 Estimation of photosynthetic pigments and biomass production  

Chlorophyll was estimated by hot extraction method given by Mckiney [16] using methanol 

and absorbance was taken at 650 and 665nm. Carotenoids and Phycobiliproteins were 
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estimated following Jenson [17] and Bennett and Bogorad [18] for which absorbance were 

read spectrophotometrically at 450, and 562 nm, 615 and 652 nm, respectively. In order to 

estimate pigment concentration per unit dry weight, biomass was determined periodically. 

For this, 10ml inoculum was added to 100ml nutrient broth for each experiment in 

Erlenmeyer flask and incubated at 45±2
o
C under continuous light. Dry weight was calculated 

by collecting biomass after centrifugation at 5000 rpm and oven drying (80°C) the 

cyanobacterial biomass on a preweighed filter paper. In order to obtain biomass in larger 

quantity with more pigment yield, mass culturing was done in photo-bioreactor (3L capacity, 

lark) fitted with pH, temperature and anti-foam control and while fluorescent illumination of 

3000lux and biomass was harvested after 4weeks. 

2.3 Biosorption experiments for dye removal 

In free from, this composite consortium was used as such in live (fresh biomass) form as well 

as in dead form, after oven drying the biomass at 80
o
C and powdering it. Consortial biomass 

was also used in immobilized form using sodium alginate (2%) as immobilizing matrix. The 

solution was run slowly into 0.025M calcium chloride solution using a burette. The 

cyanobacterial beads formed (3mm ±1 diameter) were kept overnight at 4
o
C in the CaCl2 

solution for complete gelation process. The beads were then washed and stored in distilled 

water for further experimental work. For this both live biomass and dead biomass were 

immobilized; taking 0.08g dry weight equivalent. 

2.4 Preparation of the dye solutions 

Stock solutions (1g/l) of the two dyes for biosorption experiments were prepared by 

dissolving the textile dyes Yellow M3R and Crystal Violet (obtained from textile industry 

Sonipat (HR)), in the BG-11 medium. The desired dye solutions were prepared using this as 

stock and dilutions were done with BG-11 medium, to ensure availability of essential 

nutrients to the live cyanobacteria for growth. 

3. Results and discussion  

3.1 Pigment production  

Production of biomass in culture flasks of various pigments increased exponentially upto 21 

days followed by stabilization at 28 days. Table 1 depicts production of various pigments 

over four week period of growth. The thermophilic cyanobacterial consortium showed much 

greater production of phycobilins (21.3 to 54.5mg/g) than that of carotenoids (10.7 to 

27mg/g). Amongst the phycobilins, phycoerythrin was found to be the major pigment 

component. Phycobilins production by cyanobacteria even under the high temperature 

conditions is in the same range (20-72mg/g) as that reported for other cyanobacteria [19,20]. 

Phycobiliproteins have wide biotechnological applications, like natural chemicals in 

pharmaceuticals, food industry, cosmetics, biomedical research and clinical diagnostics [21]. 

Because of the diverse applications of cyanobacterial phycobiliproteins, mass culture of 

promising cyanobacterial species, and the extraction and purification of phycobiliproteins 

have achieved industrial dimensions in many countries. Phycobilins can be broadly classified 

into two groups-blue phycocyanin and red coloured pycoerythrin [6]. C-phycocyanin (C-PC), 

a blue light-harvesting pigment with fluorescent property, is considered to be one of the 

important economic products and as a healthy ingredient in cyanobacteria-based food 

products for example the market value of cyanobacterial phycocyanin was estimated to be 

US$ 10–50 million per annum [22] and its food grade price is Austrlian $ 500 per kg [23]. 
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Table 1: Content of pigments in studied thermophilic cyanobacterial consortium under 

thermophilic conditions. 

Pigments 

(conc. in mg/g ) 

7d 14d 21d 28d 

PC 5.54 ± 0.22 7.37±0.24 13.65±0.29 13.24±0.33 

APC 6.03 ± 0.32 7.83±0.35 13.88±0.38 13.07±0.41 

PE 9.69 ± 0.24 14.59±0.26 27.96±0.31 28.14±0.33 

Phycobilins 21.27 ±0.78 29.78±0.85 55.49±0.98 54.45±1.07 

Chll-a 6.12 ±0.41 9.28±0.46 14.72±0.51 17.18±0.54 

Carotenoids 10.66 ±0.52 13.74±0.57 28.34±0.61 26.99±0.65 

 

 

Recently, cyanobacterial phycocyanin extracted from cyanobacteria has been 

demonstrated to have anti-inflammatory [24], antioxidant [25], skin care [26] and 

hepatoprotective [27] properties. The phycobilin pigments have been used successfully in the 

location of tumor cells in the treatment of cancer and it is known that the C-phycocyanin 

ameliorates experimental autoimmune encephalomyelitis and induces regulatory T- cells 

[28]. 

Carotenoids are generally much less in concentration as compared to chlorophyll in most of 

the microalgae and cyanobacteria [13]. However, the thermophilic consortium showed much 

more carotenoids production as compared to Chlorophyll-a production, which seems to have 

been stimulated under high temperature conditions where carotenoids start playing a major 

role to relieve the stress. 

Chlorophyll is a photosynthetic pigment present ubiquitously in all algae and 

functions in photosystems as well as light harvesting antenna. It is used for the synthesis of 

vitamin-A, E and K [6], as strong deodorant [29] and also as a pro-oxidant [30] due to 

production of singlet oxygen. 

Carotenoids are long conjugated polyene structure with several methyl substituents, 

which is the unique chromophore of carotenoids. Carotenoid has antioxidant, anti-

inflammatory and antitumor properties so commonly used in various industries [31]. Its 

derivatives are used as growth promoters such as vitamin-A and abscissic acid. β-carotene is 

of great commercial interest because of its anticancer property [32].  

Considering the wide range application of these pigments, studies were done to have 

greater pigment production yield under mass culturing using a 3L capacity photo-bioreactor 

provided with temperature, pH and anti-foam sensors. The photo-bioreactor based biomass 

production was much higher and 9.8±0.5g biomass was produced in 15days and pigment 

yield was found to be much higher as shown in Table 2.  

Table 2: Photo-bioreactor based pigment production (15d) under thermophilic conditions. 

Pigment (15d) Chll-a Carotenoids Phycobillins 

Yeild (mg) 178.37±1.63 272.32±1.45 578.45±1.23 
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3.2. Dye removal studies using consortial biomass 

Potential of the thermophilic cyanobacterial consortium in four different forms (Live free and 

immobilized, dead free and immobilized) for removal of two textile dyes (Reactive Yellow 

and Crystal violet) was studied, which is shown in Fig.1a and b. Bioremoval of the dyes was 

studied for seven days under thermophilic conditions (45°C) using 0.08g (dry weight 

equivalent) of algal biomass in free or alginate immobilized beaded forms. It was interesting 

to observe that live biomass in both free and immobilised form has more decolorizing ability 

than the dead free and immobilised forms. The consortium removed upto 98.6% of Reactive 

Yellow dye and 67.9% of Crystal violet (CV) when live biomass was used in free form. It 

was a little less when the biomass immobilized in alginate matrix was used showing 92.8% to 

46.7% removal. Thus, the cyanobacterial consortium was more useful for decolorizating 

Reactive Yellow dye. 

 

(a) 

 

(b) 

Fig:1 Removal of (a) Reactive Yellow and (b) for Crystal violet by live and dead biomass of 

the cyanobacterial consortium in free and immobilized forms at 45°C. 

On the other hand, when biomass was dried and powdered, the removal efficiency was found 

to be less than that of live form. Dead biomass in free from was found to be less suitable than 

immobilized form. The immobilized dry biomass removed upto 76.5% of Reactive Yellow 

and 40.2% of Crystal violet dyes. In all the batch biosorption experiments maximum dye 

removal was achieved within 1-2 days and thereafter, tended to stabilize. All through removal 

of the two dyes was studied under thermal environment (45°C). Since textile units show 
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prevalence of high temperatures (45° or more), the use of such thermophilic cyanobacterial 

consortia seem to be of great applied value considering their high dye removal capacity. 

Conclusion 

The consortium of cyanobacteria isolated from the hot spring show thermophilic adaptation 

resulting in efficient production of high value pigments like carotenoids and phycobilins, 

which can be utilized commercially for various purposes without the harmful effects of 

synthetic chemicals. The yield of these pigments could be increased by manipulating the 

duration of their culturing period in photo-bioreactors of greater capacity. Assessment and 

exploitation of such cyanobacterial strains from extreme environments would also be useful 

through their mass culture. Further, biomass of thermophilic consortia shows very good 

decolorization ability opening new possibilities to explore their use for maximum dye 

removal from high temperature wastewater after detailed parameter optimization for their 

industrial application. 
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