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ABSTRACT 

 Various organic and aqueous extracts of Skeletonema costatum were screened for their 
antibacterial activities. The extracts were tested against different species of human pathogenic 
bacteria by the agar-solid diffusion method. Water extract of Skeletonema costatum showed 
maximum antimicrobial activity of 19.0 mm against Klebsiella pneumoniae and a minimum 
activity of 9 mm against Proteus vulgaris. All the tested microorganisms were resistant to 
methanol, ethanol and propanol extracts except Escherichia coli and Staphylococcus aureus 
which exhibited a least inhibition zone of 6.0 and 7.0 mm respectively in propanol. Acetone 
extract of Skeletonema costatum also showed the highest biological activity of 19.0 mm against 
Klebsiella pneumoniae, moderate activity of 12.0 mm against Salmonella typhi, and 11.0 mm 
against Pseudomonas aeruginosa, Escherichia coli and Staphylococcus aureus. Sequential 
extract of Spirulina exhibited maximum antimicrobial activity. Inhibition zone of 23.2 mm was 
observed for Klebsiella pneumoniae and 14.0 mm for Proteus vulgaris. 
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 INTRODUCTION 
 
 Discovering new therapeutic molecules is becoming increasingly important as more and 
more bacteria become resistant to the usual antibiotics. Traditionally used in Asiatic medicines, 
algae, since the second half of the 20th century, are screened for their biological activities. Thus, 
antibacterial effects have been noticed in all the algal classes and notably in diatoms, the major 
component of the phytoplankton (Burkholder et al., 1960; Aubert and Gauthier 1966; Duff et al., 
1966; Aubert et al., 1968a, b; Aubert and Gambarotta 1972; Berland et al., 1972; Aubert et al., 
1979; Gauthier, 1980; Cooper et al., 1983; Pesando 1990). Although extremely effective, 
antibiotics are able to induce resistance in bacteria. For 450 years, bacterial resistance has been the 
main factor responsible for the increase of morbidity, mortality and health care costs of bacterial 
infections. The defense mechanism against antibiotics is widely present in bacteria (e.g. 
Pseudomonas, Klebsiella, Enterobacter, Acinetobacter, Salmonella, Staphylococcus, Enterococcus 
and Streptococcus) and became a world health problem (Clementino, 2005). Several algal species 
contain natural bioactive compounds that act as potent antimicrobial agents (Ozdemir 2004; Khan 
2006). 
 

MATERIALS AND METHODS 
 

Collection of Skeletonema costatum 
               Skeletonema costatum collected from the coastline of parangipettai. About 50 g of 
powdered Skeletonema costatum was taken in a round bottom flask and add ethanol and macerated 
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for 7 days. During maceration the whole content was warmed 2 
times a day at an interval of six hours. At the end of 7th day the 
extract was filtered through muslin cloth while hot and the extract 
was concentrated to a semisolid mass and dried in a desiccators. 
This extract was used for various experimental purposes. 
 
Preparation of Skeletonema costatum extracts 
 Freshly dried Skeletonema costatum, was mixed with 
acetone, ethanol, methanol, petroleum ether and diethyl ether 
(150ml solvent/100g of Skeletonema costatum) in soxhlet 
apparatus and extracted for 60 minutes. The extracts were filtered 
and the solvent was removed using rotary evaporator. Sequential 
extraction was performed with all solvents in the order, water, 
acetone, ethanol, methanol and petroleum ether. The extracts were 
stored in an airtight glass bottles in a refrigerator. For antimicrobial 
activity, extracts obtained with organic solvents and water extracts 
were prepared at a concentration of 100 mg/ mL1 (freeze dried 
material/mL of solvent). 
 

Microorganisms tested 
 Strains of human pathogenic microorganisms used in this 
study were as follow: Klebsiella pneumoniae, Shigella shigae, 
Pseudomonas aeruginosa, Escherichia coli, Staphylococcus 
aureus, Proteus vulgaris and Salmonella typhi. All these strains 
were colleted from Rajah Muthiah Medical College & Hospital, 
Annamalai Nagar, Chidambaram, Tamil Nadu, India, and 
maintained in ultra low temperature freezer (-80oC). 
 
Preparation of 24 hours pure culture 
 A loop full of each of the microorganisms was suspended 
in about 10 ml of physiological saline in a Roux bottle. Each of 
these were streaked on to the appropriate culture slants and 
incubated at 37 ºC for 24 hours. 
 
Standardization of micro-organisms 
 Each of the 24 hour old pure culture was suspended in a 
Roux bottle containing 5 ml of physiological saline. Each 
suspension of microorganism was standardized to 25% 
transmittance at 560 nm using an Ultraviolet (UV) visible 
spectrophotometer. 
 
Antimicrobial activity using disc diffusion method 
 Antimicrobial activity was checked by disc gel diffusion 
method. The cultures were grown in nutrient broth and incubated at 
37 °C for 24 h. After incubation period is over, the O.D. of the 
culture was adjusted to 0.1 with sterile nutrient broth. 20 ml molten 
Mueller-Hinton agar medium was poured into sterile petri plates 
and allowed to solidify. The discs (8 mm diameter) impregnated 
with 100 µg of respective extracts/ml were placed on the surface of 
the petri plates seeded with 0.1 ml of microbial suspension (5 x 105 

CFU/ml). Soon afterwards the plates were kept at 100C for 30 min. 
After it normalized to room temperature the plates were incubated 
at 37 0C for 24 h. After incubation period the zone of inhibition 
was measured. 
 

Measurement of zone of inhibition (ZIH) 
 The zones of inhibition of the tested microorganisms by 
the extracts were measured using a Fisher-Lilly antibiotic zone 
reader model 290 (U.S.A). The antimicrobial activities were 
determined by the ratio of the ZIH diameters of the extracts to that 
of the standard antibiotic ciprofloxacin 5µg/disc in the same petri 
dish, where in a higher ratio indicates a more potent extract. 
 
Data and statistical analysis 
 Data are expressed as mean ± standard deviation (SD) of 
triplicates. Two ways ANOVA was used to analyze the effect of 
different solvents on antimicrobial activity. Tukey- Krammer 
multiple comparison test was used to assess the significance among 
the extracts. 
 
RESULTS AND DISCUSSION 
 

 The results obtained from the present study concerning 
the antimicrobial activity of Skeletonema costatum extracted with 
different solvents against different species of bacteria are recorded 
in table 1. It is clear from study that the diameter of the inhibition 
zone depends mainly on the type of the solvent used and the tested 
bacteria. 
 Water extract of Skeletonema costatum showed maximum 
antimicrobial activity of 19.0 mm against Klebsiella pneumonia 
and a minimum activity of 9 mm against Proteus vulgaris. All the 
tested microorganisms were resistant to methanol, ethanol and 
propanol extracts except Escherichia coli and Staphylococcus 
aureus which exhibited a least inhibition zone of 6.0 and 7.0 mm 
respectively in propanol. Acetone extract of Spirulina platensis 
also gave the highest biological activity of 19.0 mm against 
Klebsiella pneumoniae, moderate activity of 12.0 mm against 
Salmonella typhi, and 11.0 mm againest Pseudomonas aeruginosa, 
Escherichia coli and Staphylococcus aureus. Aqueous acetone was 
better at extracting total phenolics than aqueous methanol.  
 While diethyl ether and petroleum ether were the best 
organic solvents for extracting the antibacterial agents from 
Skeletonema costatum in the present evaluation. Statistically the 
effects of the two diethyl ether and petroleum ether were 
insignificant. Comparatively diethyl ether showed a marked 
activity against Klebsiella pneumoniae followed by Shigella shigae 
exhibiting 20.4mmand 20.1mm of inhibition zone. The 
antibacterial properties of Skeletonema costatum as previously 
described in the literature (Duff et al., 1966; Aubert et al., 1968a; 
Aubert and Gambarotta 1972; Kogure et al., 1979). Bactericidal 
activity of unsaturated and saturated long chain fatty acids have 
been reported by Nieman (1954), Galbraith and Miller (1973a, b, 
c). They have shown that fatty acids of chain length more than 10 
carbon atoms induced lysis of bacterial protoplasts. Many authors 
have found antibacterial activities of microalgae due to fatty acids 
(Aubert et al., 1968a,b; Berland et al., 1972; Gauthier 1980; 
Cooper et al., 1983; Pesando 1985). More recently an auto 
inhibitor (a fatty acid named 15-hydroxyeicosapentaenoic acid) has 
also been identified in Skeletonema costatum (Imada et al., 1992).  
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 Antimicrobially active lipids and active fatty acids are 
present in a high concentration in this alga (Lampe 1998). It was 
hypothesised that lipids kill microorganisms by leading to 
disruption of the cellular membrane (Bergsson 2005) as well as 
bacteria, fungi and yeasts because they can penetrate the extensive 
meshwork of peptidoglycan in the cell wall without visible changes 
and reach the bacterial membrane leading to its disintegration. The 
external leaflet of the outer membrane of Entero bacteriacae, such 
as E. coli that lives in the rectum, an environment rich in 
hydrophobic compounds, is almost entirely composed of 
lipopolysaccharides and proteins. These bacteria have a 
hydrophilic surface because of the side chains of 
lipopolysaccharides, and thus hydrophobic molecules, like lipids, 
have difficulty in entering the bilayer (Bergsson 2002). This could 
have contributed to the comparatively less susceptibility of E. Coli 
than other organisms. Sequential extract of Skeletonema costatum 
exhibited maximum antimicrobial activity. Inhibition zone of 23.2 
mm observed for Klebsiella pneumoniae and 14.0 mm for Proteus 
vulgaris. The enhanced antimicrobial activity expressed in 
sequential extraction might be due to the fact that both 
hydrophobic and hydrophilic bioactive compounds were extracted. 
When extraction was done with any one solvent bioactive 
compounds soluble in the respective solvent only be extracted. 
 
CONCLUSION 
 

 In conclusion, the present study suggest that Skeletonema 
costatum has antibactericidal activity against pathogenic bacteria. 
An improved knowledge of the composition, analysis, and 
properties of Skeletonema costatum with respect to antimicrobial 
compounds would assist in efforts for the pharmaceutical 
application. 
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