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Abstract 
Crude extracts of the red seaweeds, Gellidella acerosa, Gracillaria verrucosa and Hypnea musciformis were 
analyzed for their antimicrobial activity against gram positive Salmonella paratyphi, Enterococcus aerogenes, 
Staphylococcus epidermidis and gram negative Salmonella typhi and Shigella flexneri. Methanol,  
ethanol, chloroform and aqueous solvents were used for extraction of seaweeds in their absolute forms.  
Disc diffusion assay was performed for crude extracts and shade-dried powdered samples of seaweeds.  
Chloroform extract of Gracillaria verrucosa showed highest activity of 21±1.0 mm inhibition zone than its 
control with 15±1.0 against Salmonella paratyphi. Gellidella acerosa showed the lowest activity against 
Salmonella typhi (7±1.0 mm) than its control with 15±1.0. None of the aqueous extracts showed antibacterial 
activity. This study intends at spotting out the efficiency of the selected seaweeds as a potential antibacterial 
agent against common human pathogenic bacteria. 
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Introduction 
Seaweeds are potential renewable resource in the 
marine environment. About 6000 species of seaweeds 
have been identified and are grouped into different 
classes like green (Chlorophytes), brown (Phaeophytes) 
and red (Rhodophytes) algae. Most of the compounds of 
marine algae show anti-bacterial activities (Vlachos  
et al., 1996; Vairappan et al., 2001). Many metabolites 
isolated from marine algae possess bioactive principles 
(Yang et al., 2006; Venkateswarlu et al., 2007; Oh  
et al., 2008). Compounds with cytostatic, antiviral, 
antihelmintic, antifungal and antibacterial activities have 
been detected in green, brown and red algae (Lindequist 
and Schweder, 2001; Newman et al., 2003). Seaweed 
Ulva fasciata have showed antimicrobial activities 
against Staphylococcus aureus and Pseudomonas 
aeruginosa that are commonly found in human infections 
(Selvin and Lipton, 2004). Usage of organic solvents 
provides a higher efficacy in extracting compounds 
always for antimicrobial activity assay (Manivannan  
et al., 2011). Several extractable compounds such as 
cyclic polysulfides and halogenated compounds are toxic 
to microorganisms and they are responsible for the 
antibiotic activity of seaweeds. The extraction of 
antimicrobials from different species of seaweeds was 
solvent dependent. Methanol was a good solvent for 
extraction of antimicrobials from brown seaweeds 
whereas acetone was better for red and green species 
(Cox et al., 2010). Different parts of the thalli are also 
known to differ in their antimicrobial potential. Extracts 
prepared from fresh seaweed samples are reported to 
show negligible antimicrobial activity as compared to that 
obtained with dried seaweeds. 

Seasonal and geographical variation also contributes in 
the antimicrobial activity levels of marine algae. 
However, information is lacking on the seasonal and 
geographic variations in the specific metabolites of 
marine algae of antimicrobial potential, especially for the 
marine algae of South India (Rajasulochana et al., 2009). 
Sreenivasa Rao and Parekh (1981) showed that crude 
extracts of Indian seaweeds are active only against gram 
positive bacteria. Antimicrobial activities against bacteria 
and fungi were reported by Hellio et al. (2000).  
The bactericidal agents found in algae include 
aminoacids, terpenoids, phlorotannins, acrylic acid, 
phenolic compounds, steroids, halogenated ketones and 
alkanes, cyclic polysulphides and fatty acids. As a 
consequence of an increasing demand for biodiversity in 
the screening programmes seeking therapeutic agents 
from natural products and there is now a greater interest 
in marine organisms (Manilal et al., 2009). 
Microorganisms have developed adaptation mechanisms 
against the action of antimicrobial drugs (Al-Haj et al., 
2009). This problem is one of the main reasons for 
continued research into antimicrobial compounds, 
including molecules from marine algae (Kim et al., 2007). 
Hence, this study was aimed to screen and evaluate the 
efficiency of different solvent extracts of selected red 
seaweeds as antibacterial agents and to find out the 
most active seaweed species against the common 
pathogenic bacteria. 
 
Materials and methods 
Chemicals: Chemicals were purchased from Sigma  
(St. Louis, USA). Mueller−Hinton broth, agar, and sterile 
discs were purchased from Hi Media, Mumbai, India.  
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The mother broth cultures were obtained from Dept. of 
plant biology and plant biotechnology, Loyola College, 
Chennai.  
 
Seaweed collection: Seaweeds were collected from 
Rameshwaram, TN, India (Latitude: 9◦ 16’ 48” N; 
Longitude: 79◦ 18’ 0” E) (Fig. 1-3). The collected samples 
are sorted and brought to laboratory and identified by a 
field botanist at University of Madras, Chennai, India. 
Seaweeds are shade-dried and powdered in a blender. 
 
Extraction of seaweeds: The weighed powdered 
seaweed samples are mixed with solvents in the ratio  
1:5 (g/mL) and kept soaked for 4 d with mechanical 
shaking at regular intervals. Extracts are filtered by 
squeezing using a muslin cloth, followed by filtration 
using whatman no.1 filter paper. Then, the solvents are 
allowed to evaporate in hot plate. The dried extracts are 
used for assay (Raman, 2006). 
 
Disc diffusion assay: The antibacterial activity of the 
seaweed extracts was carried out by agar disc diffusion 
assay (Kumar et al., 2001). The Muller Hinton agar 
(MHA) medium was used for this study. The strains were 
inoculated by swabbing the respective broth cultures of 
bacterial pathogens (diluted to 0.5 McFarland standard) 
using sterile swabs. Sterile filter paper discs were 
impregnated with the seaweed extracts (10 mg/mL) and 
used for the assay. The sterile discs not impregnated 
with the seaweed extracts serve as negative control and 
the commercial antibiotic discs (ciprofloxacin) serves as 
positive control. These discs were placed over the 
culture plates and incubated at 37°C overnight. The 
antibacterial activity was evaluated by measuring the 
zone of inhibition against the test organisms and 
expressed in millimetres (Gulluce et al., 2003). 
 
Statistical analysis: Test samples were carried out 
independently in triplicates, data was expressed as the 
mean ± standard deviation (SD) and the results were 
processed using Excel 2003 (Microsoft, Redmond, WA, 
USA).  
 
Results  
Antibacterial activity was tested with shade-dried 
powdered seaweed samples, diluted in both saline and 
water (10 mg/mL). None of these showed activity. 
Among the solvent extracts, methanol extract showed 
best results for both positive and negative strains. 
Methanol and ethanol extracts of Hypnea musciformis 
showed an inhibition zone of 19±1.0 and 16±1.0 mm that 
of control (15±1.0 mm) against Salmonella typhi.  
Chloroform extract of G. Verrucossa gave the highest 
zone of inhibition measuring 21±1.0 mm. Ethanol extract 
of G. acerosa also showed a zone of inhibition of  
12±1.0 mm. Methanol extract of G. acerosa alone gave a 
zone of 9±1.0 mm compared to control with 19±1.0 mm 
against Enterococcus aerogenes.  
 

 
Fig. 1. Gellidella acerosa.  

 
 

Fig. 2. Gracillaria verrucosa. 

 
 

Fig. 3. Hypnea musciformis. 
 

 
 
 
 
 
 
 
 
 
 
 
 
Ethanol and chloroform extracts of G. verrucossa gave 
clearly distinct zone of inhibition measuring 8±1.0 and 
9±1.0 mm, with respect to control (25±1.0 mm) against 
Staphylococcus epidermidis. Chloroform extract of  
G. verrucossa showed similar zone of inhibition while its 
methanol extract showed 7±1.0 mm against Salmonella 
typhi. Methanol extract of H. musciformis and chloroform 
extract of G. verrucossa showed zone of inhibition 
around 9±1.0 and 10±1.0 mm against Shigella flexneri. 
None of the aqueous extracts showed antibacterial 
activity in any of the bacterial cultures (Table 1). 
 



 
J. Acad. Indus. Res. Vol. 1(11) April 2013                        669 
 

©Youth Education and Research Trust (YERT)                                                                                  Krishnapriya et al., 2013 
 

 

 
Discussion 
Infections have become the leading cause of death 
worldwide which has led to an increase in antibacterial 
resistance, making it a global growing problem 
nowadays. Thus, there is an urgent need to discover new 
antimicrobial compounds from plants with diverse 
chemical structures and novel mechanisms of action for 
new and emerging infectious diseases (Adaikalaraj et al., 
2012). It was obvious that the dried powdered samples 
failed to exhibit antibacterial properties. Even, reports 
have suggested that the samples of powdered fresh or 
dried seaweeds show less antibacterial activity than from 
extracts of powdered samples. It was also proved that, 
different parts of the thalli of seaweeds show 
antibacterial activity (Hellio et al., 2000). Crude extracts 
showed antibacterial activities for both gram positive and 
negative bacteria. However, literature suggests that 
crude extracts of Indian seaweeds are active only 
against gram positive bacteria. The better results for 
gram positives, in general, and moderate activity of gram 
negative bacterial strains throw a light in this aspect. 
Within gram negative strains, extracts of low polar 
solvents showed better activity. While, in relation to gram 
positives, high polar solvents gave better zone of 
inhibition. Hypnea extracts showed best results among 
the various families of Rhodophyta (Manilai et al., 2009). 
In this study, H. musciformis extracts showed best 
results in both methanol and ethanol extracts; while  
G. verrucossa, showed best results in chloroform extract 
against gram positive bacterial strains. In aqueous 
extracts, none of them showed activity. Comparing gram 
negative Salmonella typhi and Shigella flexneri,  
a considerable zone was revealed by G. verrucosa 
against Salmonella typhi, which exhibits the same activity 
as that of ciprofloxacin control measuring 15±1.0 mm. 
The resistance of gram negative bacteria towards 
antibacterial substances is related to the hydrophilic 
surface of their outer membrane which is rich in 
lipopolysaccharide molecules, presenting a barrier to the 
penetration of numerous antibiotic molecules. 

 

 
 
The membrane is also associated with the enzymes in 
the periplasmic space which are capable of breaking 
down the molecules introduced from outside (Shan et al., 
2007). However, the gram positive bacteria do not 
possess such outer membrane and cell wall structures 
(Kalamba and Kanicka, 2003). In case of gram negative 
bacterial strains, thin layer of peptidoglycan in the cell 
may fail to provide an active site for the binding of the 
bioactive compound leading to reduced inhibitory effect. 
The concentration at which the extracts have been 
loaded in the discs may also contribute to its inhibitory 
action. The importance of defensins in innate immunity of 
humans is underscored by the observation that certain 
disorders characterized by recurrent infections 
associated with a lack of defensins in blood phagocytes 
(Ganz and Lehrer, 1988). Moreover, transposon mutants 
of a pathogenic Salmonella strain is known to infect and 
grow inside phagocytes simultaneously lost their 
resistance to defensins (and other antimicrobial peptides) 
and their virulence (Groisman et al., 1992). A novel class 
of plant peptides whose structural and functional 
properties resemble those of insect and mammalian 
defensins and hence, we termed this family of peptides 
‘plant defensins’ (Terras et al., 1995). Most defensins 
function by binding to the microbial cell membrane and 
once embedded, forming pore-like membrane defects 
that allow efflux of essential ions and nutrients from the 
bacteria. Such proteins are found among the seaweed 
Ulva Lactuca (Dang et al., 2011). Results can be 
interpreted that these seaweeds may also confer the 
presence of the proteins or peptides responsible for the 
antibacterial activity. Moreover, such proteins or peptides 
become more competent in the crude solvent extraction, 
as it confers its availability in secondary metabolites. 
 
Conclusion 
From the study, it can be concluded that the antibacterial 
activity of extracts was found to be high against gram 
positive than gram negative strains.  

Table 1. Antibacterial activity of seaweed extracts against different bacterial strains (Inhibition zone in mm). 
Bacteria Seaweeds  Control Methanol  Ethanol  Chloroform 

Gram positive 
 
Salmonella paratyphi 

Gellidella acerosa  
15±1 

- 12±1 - 
Gracillaria verrucosa - - 21±1 
Hypnea musciformis 19±1 16±1 - 

 
Enterococcus aerogenes 

Gellidella acerosa  
19±1 

9±1 - - 
Gracillaria verrucosa - - - 
Hypnea musciformis - - - 

 
Staphylococcus epidermidis 

Gellidella acerosa  
25±1 

- - - 
Gracillaria verrucosa - 8±1 9±1 
Hypnea musciformis - - - 

Gram negative 
 
Salmonella typhi 

Gellidella acerosa  
15±1 

7±1 - - 
Gracillaria verrucosa - - 15±1 
Hypnea musciformis - - - 

 
Shigella flexneri 

Gellidella acerosa  
20±1 

- - - 
Gracillaria verrucosa - - 10±1 
Hypnea musciformis 9±1 - - 
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The activity also varies according to the seaweeds 
species and the type of solvents used for extraction. The 
polarity of the solvents also may result in extraction of 
various bioactive compounds. Different solvents with 
different polarity may result in extraction of different types 
of biologically active compound from seaweeds. These 
bioactive compounds may go and bind to the cell wall of 
the microbes leading to inhibition of its growth. 
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