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ABSTRACT 

 
The main aim of the present investigation was to assess the efficacy of the antimicrobial activity of Anabaena 
circinalis, Nostoc muscorum, Stigonema ocellatum and Hapalosiphon welwitschii. The antimicrobial activity 
of cyanobacterial species were screened by using Agar disc diffusion method against pathogenic bacteria 
and fungi. Chloroform extract of A. circinalis was resulted the highest antibacterial activity 21.00 ± 0.57 mm 
against E. coli followed by K. pneumonia. Similarly, highest antifungal activity 15.00 ± 1.15 mm was recorded 
with N. muscorum followed by S. ocellatum and A. circinalis against Trichophyton mentagrophytes, 
Aspergillus fumigatus and Aspergillus niger respectively. Chloroform extract was showed highest 
antimicrobial activity among all the solvents tested; ethyl acetate and methanol were the next preferred 
solvents. Statistical analysis of the data showed a significant (P ≤0.05) difference between the different 
solvents, cyanobacterial species against bacteria and fungi tried. In conclusion the present investigation 
suggested that cyanobacteria used as a potential natural drug sources owing to the antimicrobial efficiency. 
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INTRODUCTION  

 
Cyanobacteria (blue green algae) are Gram negative 
autotrophic bacteria had a variety of metabolic 
capabilities and the ability to form symbiotic associations 
with plants, fungi and protists

1
. Cyanobacteria are a 

group of extraordinarily diverse, photosynthetic, oxygen-
evolving, prokaryotes. Cyanobacteria occur in varied 
habitats ranging from marine to fresh water, from desert 
sand to hot springs and from snow field to ice caps and 
moist soil habitats 

2
. Blue green algae also contain rich 

source of nutrients, including vitamin B, vitamin E, beta-
carotene, manganese, zinc, copper, iron, selenium and 
fatty acid 

3
. Most species of cyanobacteria are known to 

produce bioactive compounds with diverse biological 
activities in two ways either within the cell biomass i.e. 
intracellular and extracellular metabolites towards the 
environments. Generally, these activities may include 
cytotoxic, anticancer, antimalarial, antihepatoxic, 
immunosuppressive, hypo cholesterolemic, 
anticardiotoxic, antialgal, antibacterial, antifungal and 
antiviral activities 

4,5,6,7
. Fischerella species had the ability 

to produce broad-spectrum of antimicrobial substance 
8
. 

Cyanobacteria are morphologically, physiologically and 
metabolically very diverse group, which makes them as a 
promising group of organisms for research in drugs 
discovery. Besides diversity and their role in improving 
soil fertility, cyanobacteria, as a source of 
pharmacologically active compounds, have attracted 
immense interest in the field of microbiology 

9, 10, 11
. 

Cyanobacteria with rich source of structurally novel and 
biologically active secondary and primary metabolites 
which are potential bioactive compounds 

12
. Microalgae 

and cyanobacteria offer numerous advantages for 
antimicrobial investigations because of their enormous 
biodiversity and fast growth rate. The antimicrobial 
activity of cyanobacterial extracts are generally assayed 
using various organic solvents which always provide a 
higher efficiency in extracting compounds for 
antimicrobial activity 

13, 14, 15
. Many marine and fresh 

water cyanobacterial species have good antimicrobial 
activity

 16.
 In the present study very few reports are 

available on antimicrobial properties of A. circinalis, N. 
muscorum, S. ocellatum, H. welwitschii. Hence the 
present study on evaluation of antimicrobial activity of 
cyanobacterial species against four pathogenic bacteria 
(B. subtilis, S. aureus, E. coli and K. pneumoniae) and 
(A. fumigatus, A. niger, Mucor sp. and T. 
mentagrophytes).  
 

MATERIALS AND METHODS 
 

Chemicals and Reagents 
Chloroform, Ethyl acetate, Hexane, Methanol, DMSO, 
BG-11 media composition, Standard antibiotics 
Ciprofloxacin (10 µg/disc) and Nystatin (50 µg/disc) were 
used throughout the present study procured from Hi-
Media Laboratories, Mumbai, India. 
 
 
 

Sampling Area 
Fresh water samples were collected from different 
locations of Warangal, Telangana State, India. The 
Warangal situated between North Latitude 17

0 
19' and 

18
0 

36' and East Longitude 78
0
 49' and 80

0
 43'.  All the 

samples were brought to laboratory in plastic vials and 
washed with distilled water to prevent potential 
contaminants. 
 
Microorganisms used for the present study 
To study the biological activity four bacterial strains of 
Bacillus subtilis (MTCC-1427), Staphylococcus aureus 
(MTCC-1430), Escherichia coli (MTCC-1302) and 
Klebsiella pneumoniae (MTCC-4030) and four fungal 
strains of Aspergillus fumigatus (MTCC-4163), 
Aspergillus niger (MTCC-4325), Mucor sp. (MTCC-3340) 
and Trichophyton mentagrophytes (MTCC-8476) were 
obtained from Microbial Type Culture Collection, 
Chandigarh, India. 
 
Isolation and identification of cyanobacterial 
species 

All the samples were kept in plastic vials to transfer to the 
lab. Streaking plate method was used for the isolation of 
cyanobacterial strains. Purified cyanobacteria cultures 
were transferred to 100 ml inorganic BG-11 medium. The 
inoculated conical flasks were incubated for 28 days at 
26 ± 2

0
C and 4000 lux light intensity. The identification of 

cyanobacterial species was made based on the 
morphological observations using standard monographs 
and protocols 

17, 18
.   

                                                                        
Preparation of cyanobacterial extracts  

At the end of the incubation period, each cyanobacterial 
cultures were harvested to obtain the biomass. The 
resulted biomass (5.0 g) was air dried under room 
temperature, powdered was used for the extraction by 
different solvents. Five hundred (500 mg) mg of dried 
powder of four cyanobacterial species were extracted in 
each of 20 ml of Aqueous, Chloroform, Ethyl acetate, 
Hexane and Methanol and all the solvents were refluxed 
until it gets to saturation at 24 hrs as outlined by 

19
. The 

resultant crude extract 1 mg was weighed and dissolved 
in 1 ml of Dimethyl sulfoxide (DMSO) as stock solution 
and it was preserved at 4ºC until it use for further studies. 
For the bioassay study 50 µg/ml concentration of crude 
extract was used for the antimicrobial activities. 
 
Assessment of biological activity 
Antimicrobial activity was carried out by using agar disc 
diffusion method. The 20 ml of sterilized Muller-Hinton 

Agar medium for bacteria and Sabouraud Dextrose Agar 
medium (Hi Media- Mumbai, India) for fungi were used 
and the plates were seeded with 100 µl of selected test 
organisms 

20
. Then 50 µl/ml of different cyanobacterial 

species crude extract was saturated on 6 mm filter paper 
disc and allowed to dry for 5 minutes. Then loaded discs 
were placed on the surface of the agar containing media. 
Finally the plates were incubated for 24 hrs at 37

0 
C for 

bacteria and 48-72 hrs at 28
0 

C for fungi. Ciprofloxacin 10 
µg/disc (bacteria) and Nystatin 50 µg/disc (fungi) were 
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used as standard control. The zone of inhibition was 
recorded in millimeters (mm) by using Hi Antibiotic Zones 
Scale-C

TM
 Hi Media (Mumbai, India). Antimicrobial 

activity was evaluated by measuring the zone of 
inhibitions against the tested microorganisms and their 
mean and standard errors were calculated. 
 
Statistical analysis 

The results of the present data obtained were statistically 
analysed and the results were expressed as the mean (x

-

) and standard error (SE) of three experiments (n=3) by 
using Graph Pad Prism version 5.03 (Graph Pad 
Software, Inc.,). 
 

RESULTS  

 

Isolation and identification of cyanobacterial  
species  

Samples collected were analysed for the presence of 
cyanobacterial species. The obtained species were 
identified as Anabaena circinalis, Nostoc muscorum, 
Stigonema ocellatum and Hapalosiphon welwitschii 
shown in (Figure-1). 
 
Antibacterial activity 

The formation of zone of inhibition in the chloroform 
extract of A. circinalis exhibited maximum (21.00 ± 0.57 
mm) antibacterial activity against E. coli and ethyl 
acetate extract has exhibited minimum (7.33 ± 0.33 mm) 
inhibition zone against B.subtilis. Whereas, the aqueous, 
chloroform and ethyl acetate extracts were did not 
expressed antibacterial activity against the B. subtilis, S. 
aureus, E. coli respectively. Similarly the hexane and 
methanol culture crude extracts were also not showed 
the activity against S. aureus (Figure-2: A). The 
observation of the extracts of N. muscorum exhibited 
with the widest spectrum activities, that inhibited the 
growth of chosen pathogenic bacteria with maximum 
(17.33 ± 1.20 mm) in the solvent extract of hexane 
against K.pneumoniae and minimum inhibition zone 
(8.33 ± 0.66 mm) in the solvent extracts of methanol 
against E.coli respectively. However, chloroform, ethyl 
acetate and methanol extract was did not showed any 
activities against K.pneumoniae, E.coli and S. aureus 
(Figure-2: B). The S. ocellatum culture extract was also 
expressed good antibacterial activity with chloroform 
extract and resulted (19.33 ± 0.88 mm) zone of inhibition 
against K. pneumoniae and hexane extract had shown 
with lowest inhibition zone (10.33 ± 0.33 mm) against 
E.coli respectively. While, the hexane extract of S. 
ocellatum had failed to show inhibition zone against B. 
subtilis. Similarly, the aqueous extract against B.subtilis 
and S. aureus and the methanol extract against E. coli 
were not shown the zone of inhibition (Figure-2: C). The 

chloroform crude extract of H. welwitschii was shown 
with the maximum zone of inhibition (19.00 ± 0.57 mm) 
against the E. coli and aqueous extract was exhibited 
with the minimum (7.66 ± 0.66 mm) zone of inhibition 
against the S. aureus. Whereas, the aqueous, 
chloroform and hexane extracts were not expressed any 
inhibition zone against K. pneumoniae and the same 

results were found in the methanol extract against B. 
subtilis and E. coli (Table-1 & Figure-2: D). 
 
Antifungal activity  

The antifungal activity of culture extracts of A. circinalis 
was shown in Table-2. In A. circinalis the highest zone of 
inhibition (12.33 ± 0.33 mm) in the chloroform extract 
against A .niger and lowest inhibition zone (7.00 ± 0.00 
mm) was found in the methanol extract against T. 
mentagrophytes. The fungal pathogens, A. fumigatus, A. 
niger and Mucor sp. did not respond to A. circinalis in 
ethyl acetate extract and same results were found with 
the strains of A. niger and Mucor sp. in methanol extract. 
Similarly, the chloroform extract also did not exhibit the 
activity against A. fumigatus and Mucor sp. and aqueous 
extract against A. niger and Mucor sp. (Figure-3: A). The 

different culture crude extracts of N. muscorum were 
studied against A. fumigatus, A. niger, Mucor sp. and T. 
mentagrophytes. The hexane extract of N. muscorum 
expressed with maximum zone of inhibition (15.00 ± 
1.15 mm) against T. mentagrophytes and aqueous 
extract exhibited with less zone of inhibition (7.66 ± 0.66 
mm) against Mucor sp. The pathogenic strains, A. 
fumigatus did not respond to the methanol, ethyl acetate 
and chloroform extracts. The fungal strain, A. niger was 
also not expressed zone of inhibition against the extracts 
of hexane, methanol and aqueous. The culture extracts 
of ethyl acetate and chloroform were also not exhibited 
antifungal activity against T. mentagrophytes. Methanol 
extract not exhibited zone of inhibition against Mucor sp. 
(Figure-3: B). The screening of extracts of S. ocellatum 

in five different solvents were studied in which the 
resulted maximum (13.00 ± 1.00 mm) zone of inhibition 
in Ethyl acetate extract against A. fumigatus and lowest 
inhibition zone (7.33 ± 0.33 mm) in the aqueous extract 
against A.niger. The chloroform extract had failed to 
show the activity against A. fumigatus and A. niger 
(Figure-3: C). The H. welwitschii culture extracts were 
expressed with varied zone of inhibition against four 
fungal pathogens. The highest antifungal activity (12.00 
± 1.15 mm) was found in ethyl acetate extract against A. 
niger and lowest antifungal activity (7.33 ± 0.33 mm) was 
found in methanol extract against A. niger. The ethyl 
acetate extract failed to express zone of inhibition 
against T. mentagrophytes and same results were found 
in the chloroform extract against two fungal pathogens 
(A. fumigatus and Mucor sp.) and also methanol extract 
against A. fumigatus and T. mentagrophytes. No 
antifungal activity was detected in the aqueous extracts 
against A. fumigatus, A. niger, Mucor sp. and T. 
mentagrophytes (Table-2 & Figure-3: D). When 
compared with the standard Ciprofloxacin (10 µg/disc, 
Figure-2: E) and Nystatin (50 µg/disc, Figure-3: E) all the 
culture crude extracts of cyanobacterial species were 
exhibited with less inhibition zones. The results obtained 
from the present study indicates that the development of 
antibacterial and antifungal substances from different 
selected genera of cyanobacterial extracts with 
chloroform and hexane extract solvents are potential 
sources of bioactive compounds and it  warrants further 
study to identify these bioactive  compounds.  
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DISCUSSION 

 
According to the preliminary reports, cyanobacteria are 
rich sources of antibacterial and antifungal bioactive 
compounds. The different solvents extracts of S. 
platensis exhibited different zone of inhibitions of 
antimicrobial activity on both Gram-positive and Gram-
negative bacteria 

21
. The results obtained from the 

present investigations are in agreement with the reports 
of that the methanol extract of cyanobacterial species 
showed highest activity against A. niger and R. stolonifer 
22

. Two cyanobacterial species A. variabilis and S. 
elongatus have shown potential antibacterial activity 

against E.coli, Enterococcus sp. and Klebsiella 
23

. In the 
present investigations, acetone and methanol extracts of 
S. platensis showed more or less similar inhibition zones 
against S. aureus and S. typhimurium were positively 
correlated 

24
. The methanolic extract of Fischerella sp. 

was noticed with antibacterial activity 
25

. P. corium, L. 
martensiana and M. aeruginosa were responsible for 
maximum antimicrobial activity in acetone, methanol and 
diethyl ether extracts in a descending order which are 
also similar to the reports published 

26
. The 

cyanobacterial extracts of P. boryanum and A. variabilis 
were also reported with inhibition zones (17 & 12 mm) 
against S. epidermidis 

27
. 

 
Table -1 

Antibacterial activity of Cyanobacterial species against different culture crude extracts. 
 

Cyanobacteria species 
Culture crude 
extracts (50 µl) 

Zone of inhibition (diameter in mm) 

Bacillus subtilis 
(MTCC-1427) 

Staphylococcus aureus 
(MTCC-1430) 

Escherichia 
coli 

(MTCC-1302) 

Klebsiella pneumoniae 
(MTCC-4030) 

Anabaena  
circinalis 

Aqueous -- -- -- 9.00 ± 1.00 

Chloroform 8.00 ± 0.57 -- 21.00 ± 0.57 11.66 ± 0.33 

Ethyl acetate 7.33 ± 0.33 14.33 ± 0.88 -- 13.00 ±0.57 

Hexane 7.66 ± 0.33 -- 11.00 ± 0.57 12.66 ± 0.88 

Methanol 17.00 ± 0.57 -- 12.66 ± 0.88 14.66 ± 0.33 

Nostoc 
muscorum 

Aqueous 11.66 ± 1.20 8.66 ± 0.33 8.33 ± 0.88 16.00 ± 0.57 

Chloroform 11.00 ± 0.57 11.66 ± 0.88 14.66 ± 0.88 -- 

Ethyl acetate 10.33 ± 0.33 13.66 ± 0.33 -- 13.66 ± 0.88 

Hexane 13.33 ± 0.88 15.00 ± 0.57 9.00 ± 0.57 17.33 ± 1.20 

Methanol 12.66 ± 0.66 -- 8.33 ± 0.66 12.00 ± 1.15 

Stigonema  
ocellatum 

Aqueous -- -- 13.66 ± 1.20 12.00 ± 0.57 

Chloroform 14.33 ± 0.33 11.33 ± 0.33 15.00 ± 1.15 19.33 ±0.88 

Ethyl acetate 14.00 ± 1.15 13.33 ± 0.33 15.66 ± 0.88 10.33 ± 1.45 

Hexane -- 11.66 ± 0.88 10.33 ± 0.33 12.00 ± 1.15 

Methanol 13.33 ± 0.88 13.00 ± 0.57 -- 14.66 ± 0.88 

Hapalosiphon  
welwitschii 

Aqueous 9.33 ± 0.66 7.66 ± 0.66 13.33 ± 1.45 -- 

Chloroform 12.66 ± 1.20 14.66 ± 0.33 19.00 ± 0.57 -- 

Ethyl acetate 8.33 ± 0.88 11.33 ± 1.20 17.66 ± 0.88 13.00 ± 0.00 

Hexane 10.33 ± 0.33 13.00 ± 1.15 16.00 ± 1.15 -- 

Methanol -- 8.33 ± 0.88 -- 15.66 ± 0.66 

Standard Control 
(Ciprofloxacin 10 µg/disc) 

25.33 ± 0.33 24.66 ± 0.66 28.33 ± 0.33 29.66 ± 0.33 

“--” No inhibition zone 
Diameter of the inhibition zone including disc diameter (6 mm) 
Values were with mean ± SE of three separate experiments (n=3) 
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Table -2 

Antifungal activity of Cyanobacterial species against different culture crude extracts. 
 

Cyanobacteria 
species 

Culture crude 
extracts (50 µl) 

Zone of inhibition (diameter in mm) 

Aspergillus fumigatus 
(MTCC-4163) 

Aspergillus 
niger 

(MTCC-4325) 

Mucor sp. 
(MTCC-3340) 

Trichophyton  mentagrophytes 
(MTCC-8476) 

Anabaena 
circinalis 

Aqueous 9.00 ± 0.57 -- -- 10.00 ± 0.57 

Chloroform -- 12.33  ± 0.33 -- 12.33 ± 0.88 

Ethyl acetate -- -- -- 8.00 ± 0.57 

Hexane 11.33 ± 0.33 10.66 ± 0.33 8.00 ± 0.57 9.33 ± 0.33 

Methanol 10.33 ± 0.88 -- -- 7.00 ± 0.00 

Nostoc 
muscorum 

Aqueous 12.33 ± 0.88 -- 7.66 ± 0.66 8.00 ± 0.57 

Chloroform -- 8.33 ± 0.33 10.33 ± 1.20 -- 

Ethyl acetate -- 12.00 ± 0.57 8.66 ± 0.33 -- 

Hexane 13.00 ± 0.57 -- 9.00 ± 0.57 15.00 ± 1.15 

Methanol -- -- -- 10.33 ± 0.88 

Stigonema 
ocellatum 

Aqueous 8.00 ± 0.57 7.33 ± 0.33 8.00 ± 0.57 9.00 ± 1.15 

Chloroform -- -- 11.33 ± 0.33 8.66 ± 1.20 

Ethyl acetate 13.00 ± 1.00 9.33 ± 0.33 10.66 ± 0.33 9.66 ± 0.66 

Hexane 8.00 ± 0.57 10.00 ± 1.15 7.66 ± 0.66 8.33 ± 0.33 

Methanol 10.33 ± 0.88 8.00 ± 0.57 8.00 ± 0.57 8.00 ± 0.57 

Hapalosiphon 
welwitschii 

Aqueous -- -- -- -- 

Chloroform -- 10.66 ± 0.66 -- 9.33 ± 0.88 

Ethyl acetate 11.00 ± 0.57 12.00 ± 1.15 9.66 ± 1.20 -- 

Hexane 9.66 ± 0.88 8.33 ± 0.88 8.00 ± 0.57 11.66 ± 0.66 

Methanol -- 7.33 ± 0.33 7.66 ± 0.33 -- 

Standard Control  
(Nystatin 50 µg/disc) 

23.33 ± 0.33 22.00 ± 0.57 21.33 ± 0.88 21.66 ± 0.66 

“--” No inhibition zone 
Diameter of the inhibition zone including disc diameter (6 mm) 
Values were with mean ± SE of three separate experiments (n=3) 
 

Figure-1 

Cyanobacterial species 
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Figure-2 

Antibacterial activity of Cyanobacterial species against different culture crude extracts 
 

 
   
A). Anabaena circinalis    B).  Nostoc muscorum    C). Stigonema ocellatum       D). Hapalosiphon welwitschii 

E). Standard Control, Ciprofloxacin (10 µg/disc) 
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Figure-3 

Antifungal activity of Cyanobacterial species against different culture crude extracts 
 

 
 

A). Anabaena circinalis    B).  Nostoc muscorum    C). Stigonema ocellatum      D). Hapalosiphon welwitschii 
E). Standard Control, Nystatin (50 µg/disc) 

 

CONCLUSION  
 
The present investigation revealed that the chloroform 
and hexane extracts were proved to be potential 
antimicrobial activity.. Fresh water cyanobacteria are the 
substantial resources for natural bioactive substances 
with potential use in the pharmacological industry. 
Antimicrobial activities of culture extracts of 
cyanobacterial species were showed broad spectrum 
activities against bacterial and fungal pathogens. Hence, 
further study is required for the isolation, identification 

and chemical characterization of crude extracts in order 
to develop future pharmaceuticals for the benefit of the 
society. 
 

ACKNOWLEDGEMENT 

 

The authors sincerely acknowledge the Head, 
Department of Botany, Kakatiya University for providing 
the facilities to carry out the research work. 

 
  



Int J Pharm Bio Sci 2016 April; 7(2): (B) 371 - 378  

 

This article can be downloaded from www.ijpbs.net 

B - 378 

 

REFERENCES 

 
1. Bergman D, Ran GA. Cyanobacterial-plant 

symbioses: signalling and development. In: A. 
Herrero, E. Flores (Eds.), The Cyanobacteria, 
Molecular Biology, Genomics and Evolution. 
Caister Academic Press, Norfolk, UK. 2008; 447-
473. 

2. Kulik MM. The potential for using cyanobacteria 
(blue-green algae) and algae in the biological 
control of plant pathogenic bacteria and fungi. Eur 
J Plant Pat. 1995; 101 (6): 585-599. 

3. Gupta V, Ratha SK, Sood A, Chaudhary V, 
Prasanna R. New insights into the biodiversity and 
applications of cyanobacteria (blue-green algae)-
Prospects and challenges. Algal Res. 2013; 2:79-
9. 

4. Noaman NH, Khaleafa AM, Zaky S H. Factors 
affecting antimicrobial activity of Synechococcus 
leopoliensis. Microbiol Res. 2004; 159: 395-402. 

5. El-Sheekh MM, Dawah AM, Abd El-Rahman AM, 
El- Adel HM, Abd El-Hay RA. Antimicrobial activity 
of the cyanobacteria Anabaena wisconsinense and 
Oscillatoria curviceps against pathogens of fish in 
aquaculture. Annals Microbial. 2008; 58: 527-534. 

6. Kaushik P, Chauhan A, Chauhan G, Goyal P. 
Antibacterial potential and UV-HPLC analysis of 
Laboratory-Grown Culture of Anabaena variabilis. 
Int J Food Safety. 2009; 11:11-18. 

7. Mandal S, Rath J. Anticancer drug development 
from Cyanobacteria. Pharmaceutical Science and 
Drug Development. 2015; 63-78. 

8. Ghasemi Y, Tabatabaei Yazdi M, Shokravi S, 
Soltani N, Zarrini G. Antifungal and antibacterial 
activity of paddy-fields cyanobacteria from the 
northern of Iran. J Sci Isl Repub Iran. 2003; 14 (3): 
203-209. 

9. Singh S, Kate BN, Banerjee UC. Bioactive 
compounds from cyanobacteria and microalgae: 
An Overview. Crit Rev Biotechnol. 2005; 25 (3): 
73-95. 

10. Tan LT. Bioactive natural products from marine 
Cyanobacteria for drug discovery. Phytochem.   
2007; 68 (7): 954-979. 

11. Gademann K, Portmann C. Secondary metabolites 
from cyanobacteria: complex structures and 
powerful bioactivities. Curr Org Chem. 2008; 12 
(4): 326-341. 

12. Kreitlow S, Mundt S, Lindequist U. Cyanobacteria-
a potential source of new biologically active 
substances. J Biotechnol.1999; 70: 61-63. 

13. Luesh H, Moore RE, Paul VJ, Mooberry SL, 
Corbett TH. Isolation of dolastatin 10 from the 
marine cyanobacterium Symploca species VP 642 
and total stereochemistry and biological evaluation 
of its analogue symplostatin. Journal of Natural 
Products. 2001; 64: 907-910.  

14. Simmons TL, Andrianasolo E, McPhail K, Flatt P, 
Gerwick WH. Marine natural products as 
anticancer drugs. Molecular Cancer Therapeutics. 
2005; 4: 333-342. 

15. Matthew S, Schupp PJ, Luesch H.  Apratoxin E, a 
cytotoxic peptolide from a Guamanian collection of 
the marine cyanobacterium Lyngbya bouillonii. 
Journal of Natural Products. 2008; 71: 1113-1116. 

16. Stensvik O, Skulberg OM, Underdal B, 
Hormazabal V. Antibacterial properties of extracts 
from selected planktonic freshwater cyanobacteria: 
A comparative study of bacterial bioassays. 
Journal of Applied Microbiology. 1998; 84: 117-
124. 

17. Desikachary TV. Cyanophyta. Indian Council of 
Agricultural Research. New Delhi; 1959. 1-678. 

18. Anand N. Hand book of Blue-green algae of Rice 
fields of south India. Bishan Singh Mahendra Pal 
Singh. Dehradun.1989 ppp.248001. 

19. Malathi T, Ramesh Babu M, Lalitha Kumari K, 
Digamber Rao B. Antimicrobial activity of soil 
cyanobacteria cylindrospermum majus. 
International Journal of Recent Scientific 
Research. 2015; 6 (5): 3859-3863. 

20. Perez C, Pauli M, Bazerque P. An antibiotic assay 
by agar well diffusion method. Acta Biologiae et 
Medicine-Experimentaalis.1990; 15: 113-115. 

21. Rania MA Abedin, Hala M Taha. Antibacterial 
andantifungal activity of cyanobacteria and green 
microalgae. Evaluation of medium components 
byplacket-burman design for antimicrobial activity 
of Spirulina platensis. J Biotech and Bioche. 2008; 
3 (1): 22-31. 

22. Archana Tiwari, Akshita Sharma. Antifungal activity 
of anabaena variabilis against plant pathogens. 
International Journal of Pharma and Biosciences. 
2013; 4 (2): 1030-1036.  

23. Archana Tiwari, Deepika Sharma. Antibacterial 
activity of bloom farming Cyanobacteria against 
clinically isolated human pathogenic microbes. J 
Algal Biomass Utln.2013; 4 (1): 83-89. 

24. Kumar V, Bhatnagar AK, Srivastava JN. 
Antibacterial activity of crude extracts of Spirulina 
platensis and its structural elucidation of bioactive 
compound. J Med Pl Res. 2011; 5: 7043-7048. 

25. Asthana RK, Srivastava A, Singh AP, Deepali 
Singh SP, Nath G, Srivastava R, et al. 
Identification of an antimicrobial entity from the 
cyanobacterium Fischerella sp. isolated from bark 
of Azadirachta indica (Neem) tree. J Appl Phycol. 
2006; 18 (1): 33-39. 

26. Madhumathi V, Deepa P, Jeyachandran S, 
Manoharan C, Vijayakumar S. Antimicrobial 
activity of cyanobacteria isolated from freshwater 
lake. International Journal of Microbiology 
Research. 2011; 3: 213-216.  

27. Suhail S, Biswas D, Farooqui A, Arif JM, Zeeshan 
M. Antibacterial and free radical scavenging 
potential of some cyanobacterial strains and their 
growth characteristics. J Chem Pharm Res. 2011; 
3: 472-478. 


