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ABSTRACT 
Biofilm is a complex assemblage of microbial community highly resistant to antibiotics. Biofilm 
inhibition is considered as a significant drug target to control bacterial infections. In this study, the 
effect of methanolic extract of freshwater filamentous algae Spirulina platensis was screened for its 
antibiofilm activity on the clinical isolates Pseudomonas aeruginosa and Staphylococcus aureus. 
Phytochemical screening in petroleum ether, dichloromethane, chloroform, ethyl acetate, methanolic, 
acetone extract of S. platensis showed the presence of phenolics, flavonoids, alkaloids, saponins and 
steroids. The minimum inhibitory concentration of S. platensis methanolic extract was found to be at 
3 mg/ml for both clinical isolates. The methanolic extract (1.5 mg/ml) of S. platensis reduced the 
biofilm formation of P. aeruginosa and S. aureus to 86 and 83.5 % respectively.  
Keywords: Antibiofilm, Quorum sensing, Spirulina platensis and Phytochemical. 
 

INTRODUCTION 
Several human infectious diseases are associated with biofilm-forming microorganisms.  Biofilms are 
a complex assemblage of cells on abiotic or biotic surfaces encased in a self-synthesized exopolymeric 
matrix made of polysaccharides, DNA, proteins, lipids.  The biofilm prevents the bacterial population 
from clearance by the immune system, and an antibiotic contributes to the pathogenesis of chronic 
infections (Ganesh et al., 2017). Further, the biofilm-forming bacteria colonize a variety of medical 
devices and lead to severe complications in the treatment, and sometimes the implanted device has to 
be removed or replaced.  It has been found that bacteria’s living in a biofilm mode of growth is 1000 
times resistant to antibiotics than their planktonic cells (Packiavathy et al., 2012). Biofilm formation 
and its structure maintenance are related to quorum sensing (QS) (Wang et al., 2014). Pseudomonas 
aeruginosa and Staphylococcus aureus are the opportunistic pathogen with QS mechanism to control the 
expression of several genes involved in the virulence factors and biofilm formation (Khan et al., 2009; 
Vasavi et al., 2017). 
Several reports are available for antibiofilm agents from natural resources, particularly medicinal 
plants, marine sponges, algae and seaweeds (Nithya et al., 2010). But recently freshwater algae are 
gaining importance in pharmaceuticals because of their antibacterial activity.  Spirulina platensis is a 
blue-green, edible, multicellular, filamentous, photoautotrophic algae belonging to Cyanophyta, 
known for its rich source of protein, vitamins, minerals (Jensen and Kneuster, 1993; Dillon et al., 1994; 
Mishima et al., 1998; Wang et al., 2007; Priyadharshini and Ratt, 2012, Desouki et al., 2015).  
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S. platensis extract shows therapeutic properties, such as the ability to prevent cancers, decrease blood 
cholesterol level, reduce nephrotoxicity of pharmaceuticals and toxic metals and provide protection 
against the harmful effect of radiation (Kumar et al., 2011). S. platensis is one of the most potential 
microalgae explored for antibacterial, antiviral, antibiofilm and anti-cancerous properties. The present 
work was carried out to analyse the antibiofilm activity of S. platensis against the clinical strains 
Pseudomonas aeruginosa and Staphylococcus aureus. 
 

MATERIAL AND METHODS 
Preparation of Spirulina platensis extract 

S. platensis powder was procured from E.I.D Parry (INDIA) limited, Tamilnadu. Ten gram of dried 
powder of S. platensis was weighed and extracted with 100 ml of solvents. The crude substance 
obtained after the evaporation was dissolved in DMSO and used for analysis.  
Collection of microbial strains 
The bacteria chosen for antibiofilm assay were the clinical isolates of P. aeruginosa and S. aureus from 
the Micro lab, Coimbatore. The stock cultures were maintained in nutrient agar slants at 4ºC. 
Phytochemical analysis 
The various phytochemical screening such as phenols, flavonoids, alkaloids, saponins and steroids 
present in the petroleum ether, dichloromethane, chloroform, ethyl acetate, methanol, and acetone 
solvent extracts of S. platensis were carried as per the standard procedure is given by Harborne, 1998. 
Minimum inhibitory concentrations 
Minimal Inhibitory Concentration (MIC) was considered as the lowest concentration in which there 
would be no visible growth of bacteria after 24 hours of incubation at 37°C (Wiegana et al., 2008).  The 
MIC of different extracts of S. platensis was performed against P. aeruginosa and S. aureus by serial 
dilution method using a 96-well microtiter plate. Test inoculums of 100 μl of 18 h culture were added 
in 96 well microtitre plates containing various solvent extracts of S. platensis in 250 μl of nutrient broth 
media. Then the plates were incubated at 37°C for 24 hours.  The lowest concentrations without 
visible growth were recorded as MIC.  
Inhibition of Biofilm formation 
The biofilm formation in a polystyrene microtiter plate was determined as described by O`Toole 
(2011).  Three different concentrations (1.5, 0.75 and 0.37 mg/ml) of S. platensis extracts (100 µl) were  
pipetted into the wells of a microtiter plate.  Then an overnight culture of P. aeruginosa and S. aureus 
was diluted to 1:100 in fresh medium and 100 μl of the dilution was added to each well and were 
incubated for 24 h at 37°C. Three controls were maintained: wells containing extract and growth 
medium (extract control); the wells containing the growth medium and the inoculum; and the wells 
containing only the growth medium (Saeidi et al., 2015). 
The planktonic cells were removed by washing the wells three times with sterile water after 
incubation. To fix the adherent cells, 200 μl of absolute ethanol was added to each well for 15 min.    
Then 125μl crystal violet (0.1%) was added to all the wells and incubated for 30 minutes at room 
temperature. The excess stain was removed and washed with sterile distilled water to remove 
unbound crystal violet stain and the plates were air dried. Finally, the adhered biofilm bound crystal 
violet was eluted with 125 μl of 30 % glacial acetic acid per cell.  The absorbance was measured using 
the ELISA reader at 595nm (Schillaci et al., 2013). 
MTT assay 

MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5- diphenyltetrazolium bromide, a yellow tetrazole) assay is one 
of the most commonly method used for assessing cell metabolic activity/cytotoxicity/cell viability.  
Higher OD value indicates an increasing number of surviving organisms in the biofilm. Three 
different concentrations (1.5, 0.75 and 0.37 mg/ml) of S. platensis extracts (100 µl) were pipetted into 
the wells. A cell suspension was prepared as described in the MIC, and 100 µl were inoculated in 96 
well microtiter plates.  After incubation at 37°C for 24 h, supernatants were discarded and washed 
three times with sterile water. After those biofilms were incubated with MTT (0.5 mg /ml) at 37°C for 
overnight. The number of viable bacteria was determined by measuring the ability to reduce the 
yellow tetrazolium salt to purple formazan product. The absorbance was read at 570nm (Nemati et al., 
2013). Percentage inhibition was calculated using the equation 
% Cell inhibition= 100 – [(At-Ab)/(Ac-Ab)] ×100  
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Motility assay 
The effect of control and extracts on the swimming and swarming motility was determined by placing 
2 μl of treated and untreated cultures in the center of swim and swarm agar plates. The plates were 
incubated at 37°C for 48h. The activity was determined by the decrease in the swimming and 
swarmed area radius (Wang et al., 2007). 
Statistical analysis 
All the experiments were conducted in triplicates and the data are presented as a mean ± standard 
deviation.  
 

RESULTS AND DISCUSSION 
Phytochemical analysis 

Phytochemicals are the natural bioactive compounds such as alkaloids, flavonoids, phenols, 
terpenoids and saponin present in plants.  They have a great attraction because of their preventive 
role in various diseases. The various solvent extracts of S. platensis were screened for their 
phytochemical constituents and the results are shown in table 1. The petroleum ether, 
dichloromethane, chloroform, ethyl acetate, methanol and acetone extract of S. platensis showed the 
presence of phenols, flavonoids, alkaloids and saponins. Glycosides and terpenoids were absent in all 
the extracts. These results were in accordance with the data obtained by Ali et al. (2017), whereas, 
Mane and Chakraborty (2018) reported the presence of terpenoids and glycosides in the acetone and 
methanolic extracts of S. platensis. The presence of steroids was observed only in dichloromethane, 
chloroform and methanol extract. Thamilmaraiselvi and Steffi (2018) also reported the presence of 
steroids in the chloroform and methanolic extracts of Spirulina. 
 

Table 1. Phytochemical screening of different extracts of S.platensis. 
 
 
 
 
 
 
 
 
 
 
“+” represents presence “-” represents absence  
PE - Petroleum ether, DI - Dichloromethane, CF - Chloroform, EA - Ethyl acetate, MN – Methanol, 
AE- acetone 

 

Table 2. MIC value of different solvent extracts of S. platensis against P. aeruginosa and S. aureus. 

Extracts 

P. aeruginosa S. aureus 

 
 

4.0 3.0 2.0 1.0 0.5 0.2 0.1 4.0 3.0 2.0 1.0 0.5 0.2 0.1 

Methanol - - + + + + + - - + + + + + 

Chloroform - + + + + + + - - + + + + + 

Ethyl acetate + + + + + + + - + + + + + + 

Dichloromethane - - + + + + + - - - + + + + 

Petroleum ether - + + + + + + + - + + + + + 

Acetone + + + + + + + + + + + + + + 

Ethanol - - + + + + + - + + + + + + 

(-) indicates inhibition (+) indicates ineffectiveness 
 

Minimum inhibitory concentration (MIC) 
Biofilm-forming bacteria have shown 1000-fold resistance to antimicrobials and largely evade host 
immune system (Hoffman et al., 2005).  
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S. No Phytochemical 
Constituents 

Extracts of  Spirulina platensis 

PE DI CF EA MN AE 

1 Phenols + + + + + + 

2 Flavonoids + + + + + + 

3 Alkaloids + + + + + + 

4 Glycosides - - - - - - 

5 Saponins + + + + + + 

6 Terpenoids - - - - - - 

7 Steroids - + + - + - 



The effect of different solvent extracts of S. platensis on the growth of bacteria for P. aeruginosa and S. 
aureus was studied and the results obtained are shown in Table 2. The MIC value of the methanolic 
extract from the Table-1 it is evident that the methanolic extract at the concentration of 3 mg/ml was 
found to inhibit the growth of both the clinical isolates. Therefore, 3 mg/ml was considered as 
minimum inhibitory concentration and a concentration of 1.5 mg/ml, 0.75 mg/ml and 0.37 mg/ml 
was chosen for further analysis of antibiofilm activity. 
 
Antibiofilm activity 
The antibiofilm activity of methanolic extract of S. platensis at the concentration of ½, ¼ and ⅙, of MIC 
was tested against P. aeruginosa and S. aureus. There was a significant reduction in biofilm formation 
was observed at a concentration of 1.5 mg/ml (Figure. 1).  The percent inhibition of 70, 58 and 40 % 
for P. aeruginosa and 78, 64 and 42 % for S. aureus was observed. Lewis Oscar et al. reported that the 
methanolic extract of S. platensis at a concentration of 100 ng/ml showed 69 and 72% of inhibition 
against P. aeruginosa MTCC1934 and MTCC2453 respectively; 83 and 69% against S. aureus MTCC96 
and 2940; 89 % for C. violaceum; and 90 % for V. parahaemolyticus (Lewis Oscar et al., 2018).  Maximum 
biofilm inhibition was observed for S. aureus compared to P. aeruginosa.  The results obtained showed 
in line with Lewis Oscar et al. (2018).   
 

 
 

Figure 1. Biofilm inhibitory effect of S. platensis against P. aeruginosa and S. aureus. 
 

 
 

Figure 2. Effect of methanolic extract of S. platensis on the viability of bacteria. 
 
MTT assay 

The methanolic extract of S. platensis at different concentrations reduced the viability of P. aeruginosa 
and S. aureus significantly.  The maximum reduction in the viability was found at 1.5 mg/ml 
concentration compared to other concentrations.  Lewis Oscar reported that S. platensis methanolic 
extract showed higher biofilm inhibition at 0.1 µg/ml against P. aeruginosa (Lewis Oscar et al., 2018). 
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Swarming motility 
The motility of bacteria plays a major role in biofilm formation. Flagella are involved in the 
swimming and swarming motility of the biofilm forming bacteria. Swarming motility is one of the 
virulence factors involved in biofilm development and dispersion (Butler et al., 2010). Therefore, 
inhibition of motility might limit the number of bacterial cells reaching the surface, therefore 
decreasing the biofilm formation. Lopex also reported that the swarming strains of P. aeruginosa 
showed an increased resistance to multiple antibiotics (Carson et al., 2002; Lopex, 2010). The results 
obtained in this study confirmed the antibiofilm activity of methanolic extract of S. platensis (Figure. 
3).   

 Treated with extract Untreated 

 
 
 

A 

  
 
 
 

B 

  
Figure 3. Swarming motility (A) P. aeruginosa (B) S. aureus. 

 

CONCLUSION 
The phytochemical analysis of various solvent extracts of S. platensis revealed the presence of phenols, 
flavonoids, alkaloids and saponins. They are all considered to have potential antibacterial, antioxidant 
and anticancer properties. The present study confirmed the antibiofilm potential of S. platensis against 
the clinically important pathogenic organism’s P. aeruginosa and S. aureus.   
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