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Abstract 
Present works objective to look for active substances that could be used as antibacterial agents in Spirulina 
platensis. To achieve this target, six different extracts (crude polysaccharide, cell free polysaccharide, hot water 
extract, methanol soluble pigment, spent medium and phycobilliprotein) from three strains of Spirulina platensis, the 
high salt tolerance mutant strains i.e. the Sodium Chloride resistant mutant (Na-R) and the Lithium Chloride 
resistant mutant (Li-R) and the Wild type strain  was examined. The algal extracts were tested in vitro for their 
antibacterial effects against (Salmonella, Shigella, Klebsiella, Streptococcus) using Paper disc diffusion method and 
concentration from 250-7000 ppm was taken and observed all these bacteria showed inhibition in growth by these 
extracts and no effect was observed in case of other Spirulina extract.   
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Introduction                                                                                               
Bacteria have been source for majority of antibiotics 
and therapeutic compounds. In addition researchers are 
searching for some new antibiotics/therapeutic 
compounds from a group of microbes that has been 
overlooked in the past, the cyanobacteria (Blue green 
algae). Cyanobacterial, Spirullina has emerged as one 
of the most promising agent for sythesizing potentially 
new therapeutic compounds. Spirulina contains 
chlorophyll a, like higher plants, botanists classify it as 
a micro alga belonging to Cyanophyceae and chemical 
composition includes proteins (55-70%), carbohydrates 
(15-25%) essential fatty acids (18%) vitamins, minerals 
and pigments like carotenes, chlorophyll a and 
phycocyanin and phycoerythrin.  
The Spirulina pigment phycocyanin shows antioxidant 
activity and it also scanvenges peroxyl radicals. 
Phycocyanin has been found to protect against 
hepatotoxins in rats. The mechanism may be via its 
antioxidant activity. An extract of Spirulina maxima 
also protected against carbon tetrachloride hepatoxicity 
in rats. The phycocyanin contained in the extract, as 
well as other antioxidants, probably account for the 
hepatoprotective effect.  
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Most cells mediated immediate – type allergic 
reactions were found to be inhibited in rats by 
Spirulina. It is speculated that there is substance in 
Spirulina that may inhibit mast-cell degranulation, 
possibly by affecting the mast-cell memberane (Kim et 
al. 1998). Spirulina platensis extracts have been 
reported to enhance macrophages function in cats 
(Quereshi et al. 1996).   The water extracts of Spirulina 
platentsis have been reported to possess antibacterial 
property (Singh et al., 2005). 
Material and Methods 
Source of cyanobacterium (Spirulina platensis) & 
Bacteria  
Three strains of Spirulina platensis, the high salt 
tolerant mutant strains i.e. the Sodium Chloride 
resistant mutant (Na-R) and the Lithium Chloride 
resistant mutant (Li-R) (lab isolates) and the wild type 
strain were obtained by Algal Biotechnology 
Laboratory, Department of Biological Sciences. The 
bacterial cultures of Salmonella, Shigella, Klebsiella, 
Streptococcus were obtained by Department of 
Microbiology, Regional Malarial Research Centre, 
ICMR, Jabalpur, M.P. India, 
Composition of growth medium for Spirulina 
platensis 
Preparation of medium 
Take 4.5 NaHCO3, 0.5 K2HPO4, 1.2 NaNO3, 1 K2SO4 
For preparing 1L growth medium. Each of 
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macronutient was added to 1L double distilled water 
and NaHCO3 was added separately. The pH of the 
medium was adjusted at 11. All chemicals used in 
CFTRI medium were products of Qualigens (India).         
Growth condition and maintenance of culture 
All the three strains of Spirulina platensis were 
maintained axenically in C.F.T.R..I medium 
(Vekataraman,1983) by its routine transfer at a regular 
interval of 7 days. The axenic cultures were grown 
photoautotrophically in an air conditioned growth 
chamber maintained at 25 ± 1°C and illuminated with 
cool day fluorescent light of 2500 lux intensity for 16h 
a day. The medium and all the glasswares were 
sterilized in an autoclave at 15 lbs inch-2 pressure (121° 

C temperature for 15 min.) 
Composition of growth medium for Bacteria 
5.0 Peptone, 5.0 NaCl, 3.0 Beef extract All the above 
nutrients were added to 1L of double distilled water. 
For preparation of solid medium 2% Agar was added to 
the nutrient broth. pH of the medium was adjusted  to 
7.0 before strerilization. Medium was autoclaved at 
121°C  at 15 lb inch-2 pressure for 15 minutes. 
Composition of Mueller Hinton Broth 
Composition of Mueller Hinton Broth are 300.00 gL-1 
Beef infusion from, 17.50 gL-1 Casein acid 
hydrolysate, 1.50 gL-1 Starch. 38.00 gms of above 
Nutrients were added to 1L of double distilled water. 
For preparation of solid medium 17.00 gms agar was 
added to the Mueller Hinton Broth and boiled to 
dissolve the medium completely. Final pH of the 
medium at 25oC was adjusted to 7.3±0.2 before 
sterilization. Medium was autoclaved at 121oC at 15lb 
inch-2 pressure for 15 minutes. 
Growth conditions and maintenance of bacterial 
strains  
The bacterial cultures of Salmonella, Shigella, 
Klebsiella, Streptococcus were maintained axenically 
in Nutrient agar slants at 37oC. Strains were inoculated 
in sterilized Nutrient broth medium in 100 ml 
Erlenmeyer Flask and maintained at 37 °C and this 
culture was used for the assay. 
Standardization 
Bacterial inoculum: The bacterial inoculum was grown 
overnight in nutrient broth medium at 37oC. Turbidity 
of this inoculum was adjusted to 0.5 McFarland 
Standard, approximately 108 colony forming units 
[CFU (ml)-1]. 
Antimicrobial test 
The antimicrobial activity of Spirulina extracts was 
tested on organisms using the  paper disc diffusion 
method (Pawar et al., 1996). The sterile filter paper 
discs of 4.5 cm diameter were soaked in different 
extracts of Spirulina and placed at different areas on 

the surface of each inoculated plate. The plates were 
incubated at 37o for 24 h for antibacterial assay. 
Antimicrobial activity of each extract against the test 
bacteria was indicated by growth free “zone of 
inhibition” near the respective discs. 
Preparation of Spent media, Hot water extract and 
Crude Polysaccharide of Spirulina platensis (Bertocchi  
et al. 1990 ) 
Procedure: A known vol (3ml) of 1 month old culture 
was centrifuged at 3000 xg for 15 min To the pellet 
water double distilled water was added and incubated 
in Hot water bath at 100oC for 1 hr and  Supernatant 
used for antimicrobial assay of spent medium. 
Resulting suspension was centrifuged at 5000 rpm for 
15 min. The supernatant was used for antimicrobial 
assay of Hot Water extract and 3 vol of absolute of 
ethanol was added. The sample was then centrifuged 
for 15 min at 5000 rpm by thistThe supernatant was 
discarded and the pellet recovered and 1 ml D.W. was 
added to the pellet containing precipitated crude poly 
saccharide and used for antimicrobial assay. 
Extraction of pure cell free polysaccharide (Mouhim 
et al. 1993) 
A known volume (3ml) of culture suspension was 
centrifuged at 5000 rpm for 10 min at 4oC. The pellet 
was resuspended at 20oC in a low ionic strength 0.05M, 
pH 8.15 TAPS buffer (3ml) and 0.025M EDTA (3ml). 
The resulting suspension was heated at 100oC for 20 
min and was followed by a second centrifugation at 
20000xg for 1½ at 30oC. 
The supernatant was used to recover the cell free 
polymer. 3 ml of 3% of cetytrimethyl ammonim 
bromide was added to the supernatant. The acidic 
polysaccharide thus precipitated was recovered by 
centrifugation at 5000 rpm for 10 min. The acidic 
polysaccharide was purified by 4 successive cycles of 
re-solubilization in KCL of decreasing concentration 
1.5M, 0.75M, 0.3M) followed by double distilled 
water. The polysaccharide was reprecipitated by 
addition of 50% ethanol water and centrifuged at 5000 
rpm for 10 min. The pellet of polysaccharide was 
redissolved in distilled water and use for antimicrobial 
assay. 
Extraction of Methanol soluble pigments (Mackinny, 
1941) 
A known volume (3ml) of culture was centrifuged at 
3000 rpm for 15 min and the supernatant was 
discarded.  The pellet was washed with distilled water 
and 3 ml of methanol was added and cyclomixed 
vigorously by a cyclomixer.  The sample was then 
incubated at 60oC in a Hot water bath for 15 min for 
complete extraction for the pigment.  The sample was 
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then centrifuged at 3000 rpm for 15 min and the 
supernatant was used for antimicrobial assay.  
Extraction of Phycobilliproteins (Bennett and 
Bogorad, 1973)  
Reagents – Phosphate buffer (0.05M) pH 6.8, 
1.72g of dipotassium phosphate (K2HPO4) and 1.36 g 
of potassium dihydrogen phosphate (KH2PO4) was 
dissolved in 100 ml of distilled water separately and 
the pH is set to 6.8 by adding KH2PO4 to K2HPO4. 
Procedure: A known volume (3ml) of homogenous 
cyanobacterial suspension was centrifuged at 3000 rpm 
for 10 min.  
The pellet was washed thrice with distilled water and to 
the pellet 3 ml of phosphate buffer was added. The 
resulting suspension was sonicated using a sonicator 
ensuring complete breakdown of cell and complete 
extraction of phycobilliproteins. The sample was then 
centrifuged at 3000 rpm for 15 min. The supernatant 
containing the phycobiliproteins was used for 
antimicrobial assay. 
Results and Discussion 
Effect of different extracts of (Wild type, Na-R and 
Li-R) Spirulina platensis on Bacteria  
The zone of inhibition against Shigella produced by 
phycobilliprotein was 19 mm followed 12 mm by 
Spent Medium, 11 mm by Crude and cell free 
polysaccharide, 9 mm by Hot water extract and 8 mm 
by Methanol soluble pigment. The zone of inhibition 
against Klebsiella produced by phycobilliprotein was 2 
mm followed by 10 mm by Hot water extract and cell 
free polysaccharide, 9 mm in Spent Medium, Methanol 
soluble pigment and Crude polysaccharide. In the case 
of Salmonella highest zone of inhibition was produced 
by Phycobilliprotein i.e 18 mm followed by 13 mm by 
Crude polysaccharide 11 mm by Spent medium, 10 
mm in Hot water extract, 8 mm by cell free 
polysaccharide and Methanol soluble pigment. The 
inhibition zone against Streptococcus produced by 
Phycobilliprotein was 18 mm followed by 11 mm zone 
of inhibition by Spent Medium, 9 mm zone by Hot 
water extract and Crude polysaccharide, 8 mm in Cell 
free polysaccharide and 7 mm by Methanol soluble 
pigment. 
Thus the zones produced by phycobilliprotein against 
all the Bacterial strains were highest followed by the 
zone of inhibition produced by spent medium followed 
by the zones produced by the polysaccharide and 
ethanol extract i.e. the Hot water extract, Crude 
polysaccharide. 
Thus highest zone of inhibition against Shigella 
produced by both crude and cell free polysaccharide 
followed by the Hot water extract. In Klebsiella the 
Hot water extract and cell free polysaccharide 

produced by Crude polysaccharide. The zone of 
inhibition produced by Crude polysaccharide was 
maximum followed by Hot water extract and cell free 
polysaccharide against Salmonella. The zone of 
inhibition produced Hot water extract and Crude 
polysaccharide was same followed by cell free 
polysaccharide against Streptococcus. The zone of 
inhibition produced was maximum followed by the 
spent medium, polysaccharide and the lowest zone of 
inhibition was shown by the methanol soluble extract 
of Spirulina. 
On comparing the zone of inhibition exhibited by all 
the extracts of Spirulina platensis (Wilde type) it was 
concluded that the zone of inhibition exhibited by the 
phycobilliprotein against all the test bacteria were 
highest followed by the zones showed by the spent 
medium. The spent medium containing exometabolites 
of different cyanobacterial strains have been reported 
to exhibit a concentration dependent growth inhibition 
of bacterial and fungal strains (Volk and Fukett, 2006) 
i.e higher the concentration of exometabolites wide 
was the zone of inhibition. So it may be due to this fact 
that though bacterial strains were susceptible the test 
fungus showed no response towards the spent medium. 
The Hot water extract, crude and cell free 
polysaccharide did exhibit antimicrobial property as 
has been reported by et al. 2005 in case of crude 
polysaccharide. 
 The zone exhibited by the Hot Water extract was 
wider than that of the crude and cell free 
polysaccharide. Potent antibacterial activity of 
methanol extract has been already reported by Ozdenir 
et al. (2004) and it was reported to be the component 
which was found to have most potent antimicrobial 
activity than other volatile component. In the present 
work the result indicate phycobillins, polysaccharide 
and the spent medium to be more potent as compared 
to the volatile component i.e. the methanol soluble 
pigment.  
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Table 1: Effect of different extract of (Wilde type) Spirulina platensis on Bacteria 

Spirulina platensis 
Extracts 

Inhibition zone diameter (mm) 

Shigella Klebsiella Salmonella Streptococcus 
Hot Water Extract 9mm 10mm 10mm 9mm 

Crude Polysaccharide 11mm 9mm 13mm 9mm 
Cell Free Polysaccharide 11mm 10mm 8mm 8mm 

Methanol Soluble Pigment 8mm 9mm 8mm 7mm 

Spent Medium 12mm 9mm 11mm 11mm 

Phycoblliprotein 19mm 22mm 18mm 18mm 
 

Table 2: Effect of different extracts of (LiR) Spirulina platensis on Bacteria 

Spirulina platensis 
Extracts 

Inhibition zone diameter (mm) 

Shigella Klebsiella Salmonella Streptococcus 
Hot Water Extract 9mm 9mm 11mm 8mm 

Methanol Soluble Pigment 9mm 10mm 9mm 9mm 
Spent Medium 10mm 15mm 22mm 11mm 

 
 

Table 3: Effect of different extract of (LiR) Spirulina platensis on Bacteria 

Spirulina platensis extracts 
Inhibition zone diameter (mm) 

Shigella Klebsiella Salmonella Streptococcus 
Hot Water Extract 9mm 8mm 9mm 8mm 

Methanol Soluble Pigment 9mm 10mm 9mm 9mm 
Spent Medium 11mm 10mm 10mm 11mm 
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Fig.3: Effect of Crude Polysaccharide of (wild type)Spirulina platensis on all test bacteria

Fig. 4a & b Effect of methanol soluble pigment and Cell free polysaccharide of (wild type)

Spirulina platensis on all test bacteria

Fig.6 a & b. Effect of Spent Medium and Phycobilliprotein of (wild type) Spirulina platensis on

all test bacteria

 


