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Abstract: Spirulina currently mass produced as a monoculture in outdoor cultivation systems, wherein the
growth medium utilized forms an important input and accounts for a major share of the costs involved in
Spirulina production. Spirulina as many other cyanobacteria species have the potential to produce a large
number of antimicrobial substances, so they are considered as suitable organisms for exploitation as biocontrol
agents of plant pathogenic bacteria and fungi. In the present study, antimicrobial activity of Spirulina platensis
solvent extracts was investigated against pathogenic bacteria and fungi. The antimicrobial activity of Spirulina
platensis was determined against pathogenic bacterial and fungal isolates. The methanol extract of Spirulina
platensis showed maximum zone of inhibition against all the bacterial and fungal isolates. The hexane extract
of Spirulina platensis showed minimum inhibition zone against bacterial and fungal pathogens when compared
to the other solvent extracts.
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INTRODUCTION The United Nations world food conference declared

Spirulina, a blue green alga is now becoming a health requires no cooking or special treatment to increase the
food worldwide. It is an edible, microscopic, multicellular, availability of its protein. This is a substantial advantage
filamentous, alkalophilic, photoautotrophic both for simplicity of production and for the preservation
cyanobacterium belonging to microalgae of the class of highly valuable constituents such as vitamins and
Cyanophyta, known for its rich source of protein, polyunsaturated fatty acids. The microalgae can be
vitamins, minerals, etc, than any other single cell protein. exploited as a potential source as food, feed and fuel [3].
Dominating the microflora of alkaline saline waters with Spirulina platensis is gaining more and more
pH of upto 11.0 and can exist in various types of habitats, attention, not only for the foods aspects but also the
namely soils; marches, fresh, brackish and seawaters, development of potential pharmaceuticals lacking toxicity
thermal springs and waters of industrial and domestic and having corrective properties against anaemia, tumour
uses. It consists of a larger cell size for ease of cultivation, growth and malnutrition. This alga is being widely
for ease of harvest and an easily digestible cell wall [1]. studied, not only for nutritional reasons but also for its
Protein content of Spirulina varies between 50% and 70% reported medicinal properties, antimicrobial activities, as
of its dry weight. These levels are quite exceptional even well as to inhibit the replication of several viruses such as
among microorganisms. Moreover, the best sources of Herpes simplex virus (HSV-1), human cytomegalo virus,
vegetable protein achieve only half these levels; for measles virus and Influenza A virus [4]. It was reported
example, soya flour contains “Only” 35% crude protein. that Spirulina platensis and its extracts are shown

Spirulina as “The best for tomorrow” [2]. Spirulina
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biological properties, such as prevent cancers, decreases nature are not completely understood. Secondary
blood cholesterol levels, stimulate  the  immunological metabolites influence other organisms in the vicinity and
system,  reduces  the  nephrotoxicity   of   pharmaceuticals are thought to be of phylogenetic importance.
and toxic metals and provide protection against the Antimicrobial effects from cyanobacterial aqueous and
harmful effect of radiation [5]. These properties have been organic solvent extracts are visualized in bioassays using
attributed to different compounds such as phenolics, selected microorganisms as test organisms. Methods
phycobiliproteins, carotenoids, organic acids, sulphated commonly applied are based on the agar diffusion
polysaccharides spirulan and polyunsaturated fatty acids. principle using pour-plate or spread plate (Seeded plates)
Spirulina is also incorporated into various food products techniques. Antimicrobial effects are shown as visible
to enhance their nutritional qualities and the preparations zones of growth inhibition (Inhibition halos). Bacterial
will be useful in therapeutic management of chronic bioassays comprise different target bacteria: Micrococcus
disorders such as diabetes, hypertension and heart luteus, Bacillus subtilis, B. cereus and Escherichia coli
disease. Spirulina extract is known to have higher are commonly used to detect antibiotic residues in food
antioxidant activity than another commercial alga, [7].
Chlorella due to its higher content of phenolic
compounds [6]. MATERIALS AND METHODS

Spirulina as many other cyanobacteria species have
the potential to produce a large number of antimicrobial Algal Source: The Blue Green Algae Spirulina platensis
substances, so they are considered as suitable organisms used in the present study was obtained from the
for exploitation as biocontrol agents of plant pathogenic Department of Microbiology, Annamalai University, Tamil
bacteria and fungi. Nature has been a source of medicinal Nadu. The obtained culture was maintained on Zarrouk’s
agents for thousands of years and an impressive number medium.
of modern drugs have been isolated from natural sources,
many based on their uses in traditional medicine. Determination of antimicrobial activity of Spirulina
Screening of cyanobacteria for antibiotics and other
pharmacologically active compounds has recently
received considerable attention. Algal organisms are rich
source of structurally novel and biologically active
metabolites. Secondary or primary metabolites produced
by these organisms may be potential bioactive
compounds of pharmaceutical industry. Spirulina
platensis produce a diverse range of bioactive molecules,
making them a rich source of different types of medicines.

The microbial infection causes high rate of mortality
in human population and aquaculture organisms.
Nowadays, the use of antibiotics has increased
significantly due to heavy infections and the pathogenic
bacteria becoming resistant to drugs are common due to
indiscriminate use of antibiotics. The Spirulina, as a
whole, has been known only for its nutritional value, but
the antimicrobial property of the C-phycocyanin has not
been studied in detail in Indian context.Antimicrobial
compounds found in cyanobacterial exudates include
polyphenols, fatty acids, glycolipids, terpenoids, alkaloids
and a variety of yet to be described bacteriocins.
Secondary metabolites from cyanobacteria are associated
with toxic, hormonal, antineoplastic and antimicrobial
effects. The antimicrobial substances involved may target
various kinds of micro-organisms, prokaryotes as well as
eukaryotes. The properties of secondary metabolites in

platensis
Preparation of Spirulina platensis Extract: The Spirulina
platensis materials were ground to a fine powder and
Forty gram of powdered Spirulina platensis were
extracted successively with 200 ml of solvents (methanol,
acetone, ethanol, hexane and petroleum ether) in Soxhlet
extractor until the extract was clear. The extracts were
evaporated to dryness by reduced pressure using rotary
vacuum evaporator and the resulting pasty form extracts
were stored in a refrigerator at 4°C for future use [8].

Collection of Test pathogens
Bacteria: Eleven different bacterial cultures of Gram
positive and Gram negative bacteria were procured from
Department of Medical Microbiology, Raja Muthaiah
Medical College, Annamalai University, Annamalai Nagar,
Tamil Nadu, India.

Staphylococcus aureus
Streptococcus epidermidis
Streptococcus pyogenes
Bacillus cereus
Proteus mirabilis
Escherichia coli 
Pseudomonas aeruginosa
Vibrio cholerae
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Salmonella typhi extracts to check their antibacterial activity. The
Klebsiella pneumoniae Ampicillin (5 µg) was used as positive control and the 5%
Shigella flexneri DMSO was used as a blind control.

Fungi: Six different fungal isolates were used in this Preparation of Spirulina Platensis Disc for Antifungal
present study. The fungal cultures were procured from
Department of Medical Microbiology, Raja Muthaiah
Medical College, Annamalai University, Annamalai Nagar,
Tamil Nadu, India.

Aspergillus flavus
Aspergillus niger
Aspergillus fumigatus
Candida tropicalis
Candida albicans
Candida glabrata

Cultures Maintenance and Inoculum Preparation
Maintenance of Test Bacterial Cultures: The test
bacterial isolates were sub-cultured and maintained on
Nutrient agar slants and stored in refrigerator at 4°C.

Bacterial Inoculum Preparation: Bacterial inoculum was
prepared by inoculating a loopful of test organisms in 5 ml
of Nutrient broth and incubated at 37°C for 3-5 hours till
a moderate turbidity was developed. The turbidity was
matched with 0.5 McFarland standards and then used for
the determination of antibacterial activity.

Maintenance of Test Fungal Cultures: The test fungal
isolates were sub-cultured and maintained on
Sabouraud’s dextrose agar slants and stored in
refrigerator at 4°C.

Fungal Inoculum Preparation: Fungal inoculum was
prepared by inoculating a loopful of test organisms in 5 ml
of Sabouraud’s dextrose broth and incubated at 28°C for
2 days (Yeasts) and 3 days (Moulds) till a moderate
turbidity was developed. The turbidity was matched with
0.5 McFarland standards and then used for the
determination of antifungal activity.

Disc Preparation
Preparation of Spirulina Platensis Disc for Antibacterial
Activity: Six mm diameter discs were prepared using sterile µg/ml, 2.50 µg/ml and 1.25 µg/ml for Spirulina platensis
Whatman No.1 filter paper. The Spirulina platensis extracts and 50 µl of standardized suspension of the test
extracts (2.5 mg/ml and 5 mg/ml) obtained using solvents organism was transferred on to each tube. The control
(Methanol, acetone, ethanol, hexane and petroleum ether) tube contained only organisms and devoid of Spirulina
were mixed with 1 ml of 5% Dimethyl sulfoxide (DMSO). platensis extracts. The culture tubes were incubated at
The discs were impregnate with 20 µl of different solvent 37°C for 24 hours. The lowest concentration, which did

Activity: Six mm diameter discs  were  prepared using
sterile  Whatman  No.1 filter paper. The Spirulina
platensis extracts (10 mg/ml) obtained using solvents
(Methanol, acetone, ethanol, hexane and petroleum ether)
were mixed with 1 ml of 5% Dimethyl sulfoxide (DMSO).
The discs were impregnated with 20 µl of different solvent
extracts of Spirulina platensis to check their antifungal
activity. The Flucanozole (100 units/disc) was used as
positive control and the 5% DMSO was used as a blind
control.

Antibacterial Assay
Disc Diffusion Method: The antibacterial activity of
Spirulina platensis extracts were determined by Disc
diffusion method proposed by Bauer et al. [9]. Petriplates
were prepared by pouring 20 ml of Mueller Hinton agar
and allowed to solidify for the use in susceptibility test
against bacteria. Plates were dried and 0.1 ml of
standardized inoculum suspension was poured and
uniformly spreaded. The excess inoculum was drained and
the plates were allowed to dry for five minutes. After
drying, the discs with extract were placed on the surface
of the plate with sterile forceps and gently pressed to
ensure  contact  with  the  agar  surface.  The  Ampicillin
(5 µg/disc) was used as positive control and the 5%
DMSO was used as a blind control in these assays. The
plates were incubated at 37°C for 24 hours. The zone of
inhibition was observed and measured in millimeters. Each
assay in these experiments was repeated three times for
concordance.
Minimum inhibitory concentration for bacteria
Minimum inhibitory concentration (MIC) of the Spirulina
platensis extracts against bacterial isolates was tested in
Mueller Hinton broth by broth macro dilution method
Ericsson and Sherris [10]. The Spirulina platensis extracts
were dissolved in 5% DMSO to obtain 128 mg/ml stock
solutions. 0.5 ml of stock solution was incorporated into
0.5 ml of Mueller Hinton broth for bacteria to get a
concentration of 80 µg/ml, 40 µg/ml, 20 µg/ml, 10 µg/ml, 5
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not show any growth of tested organism after possess  antimicrobial  activity  in  biological systems.
macroscopic evaluation was determined as minimum But, the antioxidant characteristics of algae and
inhibitory concentration (MIC). cyanobacteria are less well documented, although

Antifungal Assay hypercholesteremic patients fed Spirulina and the
Disc Diffusion Method: The antifungal activity of antimicrobial activity of phycobiliproteins extracted from
Spirulina platensis extracts were determined by Disc Spirulina platensis has also been demonstrated.
diffusion method proposed by Bauer et al. [9]. Petri plates The antibacterial activity of Spirulina platensis was
were prepared by pouring 20 ml of Sabouraud’s dextrose determined against bacteria and the findings were
agar and allowed to solidify for the use in susceptibility furnished in the Table - 1. The zone of inhibition of
test against bacteria. Plates were dried and 0.1 ml of Spirulina platensis extracts against bacteria was ranged
standardized inoculum suspension was poured and between 10 mm to 20 mm at 5.0 mg/ml. The methanol crude
uniformly spreaded. The excess inoculum  was  drained extract of Spirulina platensis (5.0 mg/ml)showed highest
and  the  plates  were  allowed to dry for five minutes. mean zone of inhibition (20±0.4 mm) against the Gram
After drying the discs with extract were placed on the positive cocci Streptococcus pyogenes followed by
surface of the plate with sterile forceps and gently Staphylococcus aureus (19±0.3 mm), Streptococcus
pressed  to  ensure   contact   with   the   agar  surface. epidermidis (18±0.6 mm) and Bacillus cereus (18±0.2 mm).
The flucanozole (100 units/disc) was used as positive For Gram negative bacteria, the maximum zone of
control and the 5% DMSO was used as a blind control in inhibition was recorded in methanol crude extract of
these assays. The plates were incubated at 28°C for 48 Spirulina platensis against Proteus mirabilis (19±0.8 mm)
hours (Yeasts) and 72 hours (Molds). The zone of followed by Klebsiella pneumoniae (19±0.5 mm), Shigella
inhibition  was observed and measured in millimeters. flexneri (19±0.3 mm), Salmonella typhi (18 ± 0.6 mm),
Each assay in these experiments was repeated three times Pseudomonas aeruginosa (18 ± 0.5 mm), Escherichia coli
for concordance. (18±0.3 mm) and Vibrio cholerae (13±0.4 mm). The

Minimum  Inhibitory  Concentration (MIC) for Fungi: crude extract of Spirulina platensis against bacterial
Minimum inhibitory concentration (MIC) of the Spirulina pathogens was comparatively very less when compared
platensis extracts against fungal isolates was tested in to the other solvent extracts. No zone of inhibition was
Sabouraud’s dextrose broth by broth macro dilution seen in DMSO blind control and the positive control
method Ericsson and Sherris [10]. The Spirulina platensis Ampicillin (5 µg) showed zone of inhibition was ranging
extracts were dissolved in 5% DMSO to obtain 128 mg/ml from 16±0.8 mm to 22±0.8 mm against the tested bacterial
stock solutions. 0.5 ml of stock solution was incorporated pathogens.
into 0.5 ml of Sabouraud’s dextrose broth for fungi to get The minimum inhibitory concentration (MIC) value of
a concentration of 64 µg/ml, 32 µg/ml, 16 µg/ml, 8 µg/ml, 4 Spirulina platensis against tested bacteria was ranged
µg/ml, 2 µg/ml and 1 µg/ml for Spirulina platensis extracts between 1.25 mg/ml to 80 mg/`l and the results were
and 50 µl of standardized suspension of the test organism showed in Table- 2. The lowest MIC (1.25 mg/ml) value of
was transferred on to each tube. The control tube methanol crude extract was recorded against
contained only organisms and devoid of Spirulina Staphylococcus aureus, Streptococcus pyogenes,
platensis  extracts.  The   culture   tubes  were incubated Streptococcus epidermidis, Proteus mirabilis, Bacillus
at 28°C for 48 hours (Yeasts) and 72 hours (Moulds). The cereus, Klebsiella pneumoniae and Shigella flexneri.
lowest concentration, which did not show any growth of Bloor and England [12] reported that extracellular
tested organism after macroscopic evaluation was metabolites produced by Nostoc muscorum inhibited the
determined as MIC. growth of Bacillus circulans. Austin et al. [13] reported

RESULTS AND DISCUSSION commercial heterotrophically grown spray-dried

Spirulina has been studied because of its therapeutic observed to inhibit Aeromonas hydrophila, A.
properties and the presence of bioactive compounds [11]. salmonicida, Lactobacillus sp., Serratia liguefaciens,
The occurrence of antimicrobial compounds in plants was Staphylococcus epidermidis, Vibrio anguillillarum, V.
well documented and these compounds are known to salmonicida and Yersinia ruckeri type I.

decreased cholesterol levels have been reported in

minimum zone of inhibition obtained from the hexane

that the supernatants and extracts derived from a

preparation of Tetraselmissuecica (Chlorophyceae) were
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Table 1: Antibacterial activity of solvent extracts of Spirulina platensis
Concentration of the Spirulina platensis extracts (mg/ml) and Zone of inhibition (mm)
--------------------------------------------------------------------------------------------------------------------------------------------------------------
Methanol Acetone Ethanol Hexane Petroleum ether
----------------------- --------------------- ---------------------- ----------------------- ----------------------

Microorganisms 2.5 5 2.5 5 2.5 5 2.5 5 2.5 5 Positive control*
Staphylococcus aureus 15±0.5 19±0.3 15±0.3 18±0.3 9±0.5 13±0.4 9±0.5 12±0.4 10±0.3 12±0.6 18±0.5
Streptococcus pyogenes 15±0.3 20±0.4 13±0.5 16±0.5 9±0.4 12±0.3 8±0.3 11±0.5 9±0.2 12±0.5 20±0.3
Streptococcus epidermidis 14±0.4 18±0.6 14±0.3 17±0.3 10±0.3 14±0.5 9±0.5 12±0.6 11±0.5 14±0.3 16±0.8
Proteus mirabilis 15±0.5 19±0.8 15±0.4 18±0.3 12±0.2 14±0.3 11±0.4 13±0.5 14±0.3 16±0.4 21±0.6
Bacillus cereus 14±0.4 18±0.2 14±0.3 17±0.8 12±0.6 15±0.4 12±0.5 14±0.3 13±0.6 16±0.5 19±0.5
Escherichia coli 15±0.5 18±0.3 14±0.6 16±0.6 14±0.5 16±0.6 11±0.3 13±0.3 14±0.5 16±0.3 19±0.3
Pseudomonas aeruginosa 15±0.3 18±0.5 14±0.2 16±0.3 12±0.3 15±0.3 11±0.6 14±0.4 14±0.3 16±0.3 20±0.7
Vibrio cholerae 10±0.3 13±0.4 10±0.3 12±0.4 9±0.4 11±0.4 8±0.5 10±0.6 9±0.5 12±0.4 18±0.5
Salmonella typhi 15±0.4 18±0.6 14±0.4 17±0.4 12±0.2 14±0.5 11±0.3 14±0.4 13±0.3 15±0.6 21±0.6
Klebsiella pneumoniae 15±0.5 19±0.5 14±0.5 17±0.6 12±0.5 14±0.4 11±0.2 13±0.5 14±0.2 16±0.5 22±0.8
Shigella flexneri 15±0.6 19±0.3 15±0.3 17±0.7 13±0.6 15±0.5 11±0.4 14±0.4 14±0.3 16±0.6 19±0.4
Mean ± SD, *Ampicillin (5 µg)

Table 2: Minimum inhibitory concentration of solvent extracts of Spirulina platensis
Minimum inhibitory concentration (mg/ml)
--------------------------------------------------------------------------------------------------------------------------------------------------

Microorganisms Hexane Methanol Acetone Ethanol Petroleum ether Positive Control*
Staphylococcus aureus 10 1.25 1.25 5 2.50 5
Streptococcus pyogenes 10 1.25 2.50 10 5 10
Streptococcus epidermidis 20 1.25 2.50 10 5 10
Proteus mirabilis 5 1.25 1.25 5 2.50 10
Bacillus cereus 10 1.25 1.25 5 2.50 10
Escherichia coli 10 2.50 2.50 10 5 5
Pseudomonas aeruginosa 20 2.50 5 10 10 5
Vibrio cholerae 80 5 10 40 20 20
Salmonella typhi 40 5 5 20 10 20
Klebsiella pneumoniae 10 1.25 2.50 5 2.50 10
Shigella flexneri 5 1.25 1.25 5 2.50 10
*Ampicillin

Table 3: Antifungal activity of solvent extracts of Spirulina platensis
Concentration of the seaweed extracts (10 mg/ml) and Zone of inhibition (mm)
--------------------------------------------------------------------------------------------------------------------------------------------------

Microorganisms Hexane Petroleum ether Acetone Methanol Ethanol Positive Control*
Aspergillus flavus 11±0.7 13±0.4 15±0.5 16±0.6 12±0.6 17±0.6
Aspergillus niger 12±0.8 14±0.6 15±0.4 15±0.7 13±0.7 15±0.4
Aspergillus fumigatus 13±0.6 14±0.7 14±0.6 16±0.5 14±0.6 16±0.7
Candida tropicalis 11±0.7 18±0.3 17±0.3 13±0.6 15±0.5 12±0.6
Candida albicans 11±0.7 12±0.4 14±0.4 14±0.8 12±0.7 14±0.7
Candida glabrata 10±0.4 11±0.6 13±0.6 14±0.5 10±0.3 15±0.6
Mean ± SD, * Flucanozole (100 units/disc)

Table 4: Minimum inhibitory concentration of solvent extracts of Spirulina platensis
Minimum inhibitory concentration (mg/ml)
--------------------------------------------------------------------------------------------------------------------------------------------------

Microorganisms Hexane Methanol Acetone Ethanol Petroleum ether Positive control*
Aspergillus flavus 32 8 16 32 16 8
Aspergillus niger 16 4 8 16 8 8
Aspergillus fumigatus 32 8 8 16 16 8
Candida tropicalis 64 16 32 32 64 32
Candida albicans 16 2 4 8 8 4
Candida glabrata 32 4 8 16 8 4
* Flucanozole
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Kaushik and Chauhan [14] reported that extracts of Rania et al. [17] tested the Spirulina platensis
Spirulina platensis inhibited the growth of supernatant,  methanolic   and  hexane extracts against
Staphylococcus aureus, Escherichia coli, Pseudomonas four strains of fungi – Candida kefyr, Aspergillus
aeruginosa, Salmonella typhi and Klebsiella fumigatus,  Aspergillus  niger  and  Aspergillus
pneumoniae. They used hexane, ethyl acetate, fumigatus,  the  hexane  extract  did  not  inhibit  the
dichloromethane and methanol to obtain the phenolic growth of the fungi, pyrenoidosa and Scenedesmus
extracts and the methanolic extracts had the best results. quadricauda were evaluated the supernatants and
The methanolic extract of Staphylococcus aureus and methanolic extracts of Chroococcus sp. showed a good
Escherichia coli minimum inhibitory concentrations activity against C. Kefyr and minimum activity against C.
(MIC)  were 128µg/mL and 256µg/mL respectively. Parisi albicans. The antifungal activity of the three
et al. [15] also found high antimicrobial activity of Cyanobacteria-Anabaena oryzae, Tolyphothrix ceytonica
phenolic compounds extracted with methanol from and Spirulina platensis and two green microalgae-
Spirulina platensis against Gram positive Chlorella pyrenoidosa and Scenedesmus quadricauda
Staphylococcus aureus. Vinay Kumar et al. [16] examined were evaluated.
the algal extracts in vitro for their antibacterial effects
against (Staphylococcus aureus and Salmonella REFERENCES
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