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Abstract: Seaweeds or marine macroalgae are the renewable living resources which are also used 
as food, feed and fertilizers in many parts of the world. They are the source of bioactive 
compounds characterized by a broad spectrum of biological activities. The microbial pathogens 
present in waste water are mostly enteric in origin, contaminate the environment and then gain 
access to new hosts. The aim of  present study was to screen for the phytochemical constituents,  
to quantify the total phenolic content  and to evaluate the antibacterial activity of three chosen 
seaweeds namely Turbinaria conoides, Gracilaria sp. and Sargassum sp. against the bacterial 
isolates Escherichia coli, Salmonella typhi, Salmonella paratyphi A, Salmonella paratyphi B 
obtained from waste water. The phytochemical analysis revealed the presence of tannins, 
saponins, alkaloids, proteins, steroids, flavonoids, quinones and terpenoids in different solvents. 
The total phenolic content was found to be higher in ethanolic extract of Gracilaria sp. when 
compared to Turbinaria conoides and of Sargassum sp. The antibacterial activity was determined 
by growth inhibition zone and minimum inhibitory concentration (MIC).The results show that 
ethanolic extract of Gracilaria sp. containing higher polyphenols has efficient antimicrobial 
activity against pathogenic bacteria understudy. The present findings suggest the use of seaweeds 
in managing the bacterial contaminants causing enteric infections present in waste water. 
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Introduction 
Macroscopic marine algae, popularly known as seaweeds, form one of the important living 
resources of the ocean (1). Seaweeds have been one of the richest and most promising sources of 
bioactive primary and secondary metabolites characterized by a broad spectrum of biological 
activities. Compounds with antioxidant, antiviral, antifungal and antimicrobial activities have 
been detected in brown, red and green algae (2, 3 and 4). Algae are the source of amino acids, 
terpenoids, phlorotannins, steroids, phenolic compounds, halogenated ketones and alkanes and 
cyclic polysulphides (5). The first observation regarding antibiotic activities of seaweeds was 
reported by Pratt et al., 1944(6). Recent findings evidenced that seaweeds contained antibacterial 
activity (7). They are also used by the pharmaceutical industry in drug development to treat 
diseases like cancer, acquired immune-deficiency syndrome (AIDS), inflammation, pain, arthritis, 
infection for virus, bacteria and fungus (8).The microbial pathogens present in waste water are 
mostly enteric in origin, contaminate the environment and are currently gaining resistance to 
drugs. They cause potential threat and innumerable mortality in human population which creates 
need for searching new antibacterial agents. The increasing failure of chemotherapeutics and 
antibiotics resistance exhibited by many pathogenic infectious agents has led to the screening of 
common and cheap alternative remedies (9, 10). The present study involves screening of 
phytochemical constituents, the total polyphenolic content of three chosen seaweed Turbinaria 
conoides, Gracilaria sp. and Sargassum sp., and to evaluate their antibacterial activity by disc 
diffusion method and Minimum Inhibitory Concentration (MIC) in different solvents against 
pathogenic bacteria like Salmonella typhi, Salmonella paratyphi A, Salmonella paratyphi B and 
Escherichia coli isolated from waste water. 

Materials and Methods  

Sample collection and preparation  
Fresh  species of marine algae namely Gracilaria sp.(Red algae), Turbinaria conoides (Brown 
algae) and Sargassum sp.(Brown algae) occurring in the sea coast of Mandapam, Tamilnadu, 
India were collected. Algal samples were cleaned of epiphytes and necrotic parts were removed. 
The samples were rinsed with sterile water to remove any associated debris. The cleaned fresh 
materials were shade dried and ground in a mixer grinder. The powdered samples were stored in 
refrigerator. 

Preparation of the extracts 
Various extracts of the algae were prepared according to the methodology of Indian 
Pharmacopoeia (11). The coarse powder material was subjected to Soxhlet extraction separately 
and was successively extracted with ethanol, ethyl acetate and hexane. These extracts were 
concentrated to dryness in flash evaporator under reduced pressure and controlled temperature. 
Both the extracts were stored in a refrigerator in air tight containers. The extract was analyzed for 
phytochemical screening of compounds and antibacterial activity.  
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Test pathogens:  
Antibacterial activity of three different seaweed extracts were investigated against four bacterial 
strains Escherichia coli, Salmonella typhi, Salmonella paratyphi A, Salmonella paratyphi B 
isolated from waste water obtained from the Microbiology Department of  J.B.A.S College for 
Women and were maintained on suitable agar medium ( Himedia, Mumbai, India). 

Qualitative phytochemical studies:  
Qualitative phytochemicals were analyzed by using the procedures of Kokatae (12). Alkaloids, 
carbohydrates, tannins, quinones, phenols, flavonoids, phytosterol, proteins and saponins were 
qualitatively analyzed. 

Determination of total phenolic contents: 
Total phenolics content in the extracts was determined with the Folin- Ciocalteu reagent (13). 
Gallic acid was used as a standard and the total phenolics were expressed as mg/g gallic acid 
equivalents (GAE). The Folin-Ciocalteu reagent is sensitive to reducing compounds including 
polyphenols, thereby producing a blue colour upon reaction. This blue colour is measured 
spectrophotometrically at 760nm.  

Antibacterial activity of the algae extract 

Disc Diffusion 
The ethanolic and ethyl acetate extracts of different seaweeds were used throughout the study. 
The condensed extracts were dissolved in 4% DMSO (Dimethyl Sulphoxide). Antimicrobial 
activity was evaluated by using disc diffusion technique. About 25 μl of each extract was loaded 
on a sterile filter paper disc 6 mm in diameter and air dried. Agar plates were surface inoculated 
uniformly from the broth culture of the tested microorganisms. The impregnated disks were 
placed on the Muller Hinton medium suitably spaced apart and the plates were incubated at 37°C 
for 24 h. After incubation for 24 hours at 30°C, a clear zone around a disc indicated antibacterial 
activity. Diameter of the zones of inhibition was measured in millimeters.  Each test was prepared 
in duplicate discs loaded with the extracting agents were tested as controls. 

Tube dilution method: Determination of Minimum Inhibitory Concentrations  
Sterile capped test tubes were numbered 1 to 5. 0.1ml of seaweed solution was added to the first 
tube. Then 1.0 ml of sterile Muller- Hinton broth was added to all the other tubes. 1.0 ml was 
transferred from the first tube to the second tube and consecutively 1.0 ml of the contents in the 
second tube was transfer to the third tube. Dilutions were continued in this manner till tube 
number 5.From the last tube 1.0 ml was discarded. No seaweed was added to the control tube. To 
all the tubes 1.0 ml of the diluted culture suspension was added. All the tubes were incubated at 
35oC overnight and examined for visible signs of bacterial growth. The highest dilution without 
growth was found to be the Minimal Inhibitory Concentration (MIC) (15). 
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Result and Discussion 

Phytochemical evaluation 
Phytochemical analysis of all the extracts revealed the presence of tannins, saponins, alkaloids, 
proteins, terpenoids and cardioglycosides in varying amounts in the selected seaweeds. From the 
results obtained it has been observed that the phytochemical constituents were found to be rich in 
ethanolic extract of Gracilaria sp. and Turbinaria conoides whereas the ethyl acetate extract of 
Sargassum sp. exhibited higher levels (Table 1). As the hexane extract of the chosen seaweeds 
showed negative results for the above mentioned constituents, it was not taken for further studies. 
The total phenolic content was observed to be higher in ethanolic extract of Gracilaria sp. 
followed by ethanolic extract of Turbinaria conoides and ethyl acetate extract of Sargassum sp 
(Table 2). Hence the ethanolic extract of Gracilaria sp. and Turbinaria conoides and ethyl acetate 
extract of Sargassum sp. were chosen to determine the antibacterial activity.  

Antibacterial activity of seaweed extracts 
The results of the antibacterial activities of ethanolic and ethyl acetate extracts of three chosen 
seaweeds determined by disc diffusion method have been depicted in Table 3. The results showed 
that ethanolic extract of Gracilaria sp. had higher activity on test organisms at varying 
concentration when compared to ethanolic extract of Turbinaria conoides and ethyl acetate 
extract of Sargassum sp. This can be evidenced by the increase in zone of inhibition size (Plate 
1A, B, C and D) and the highest activity was recorded on S.typhi followed by E.coli, S.paratyphi 
A and S. paratyphi B.   

Despite the appearance of growth at a concentration of 2.5 to 40 mg, a significant decrease in the 
growth was observed at 5mg for ethanolic extract of Gracilaria sp. followed by 10mg of 
Turbinaria conoides and 20mg for ethyl acetate of Sargassum sp. Though the values were 
observed to be fluctuating, Gracilaria sp. showed highest sensitivity to all the test organisms 
which can be very well evidenced with a decrease in MIC value when compared to other two 
seaweeds (Table 4). 

Table 1 –Phytochemical analysis of seaweeds 

S.No Phytochemical 

constituents  

Name of the seaweeds 

Turbinaria conoides Gracilaria sp. Sargassum sp. 

TE  TEA   TH GE  GEA   GH SE  SEA  SH 

1  Tannins  ++  +   - ++  +    - - -   - 

2  Saponin  +  +    - ++  +    - +  ++    - 

3  Flavonoids  -  -    - -  -    - -  -    - 
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Table 2: Total Phenol content 

 
 

 

 

 

 

 

Plate 1- Agar Disc Diffusion  

                               

  A. Antibacterial effect of Gracilaria sp.        B. Antibacterial effect of Gracilaria sp.      

against Salmonella typhi                             against Escherichia coli 

4  Alkaloids  +++  +    - +++ +    - +  ++    - 

5  Proteins  +++  +++    + +++ +++    - +  -    - 

6  Steroid  -  -    - -  -    - -  -    - 

7  Quinones  -  -    - -  -    - -  -    - 

8  Terpenoids +  -    - ++  -    - -   +    - 

9  Cardio glycosides  +  -    - +  +    - +  +    + 

S.No.  Name of the seaweed extract Total phenol content  

1  Turbinaria ethanol extract  184.23±1.9 

2  Turbinaria ethyl acetate extract  140.48±2.1  

3  Gracilaria ethanol extract  201.80±1.8  

4  Gracilaria ethyl acetate extract  59.26±1.5  

5  Sargassum ethanol extract  98.83±2.5  

6  Sargassum ethyl acetate extract  131.42±2.2  
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      C. Antibacterial effect of Gracilaria sp.                  D. Antibacterial effect of Gracilaria     

     sp. against Salmonella paratyphi B                        against Salmonella paratyphi A  

Table 3- Agar Disc Diffusion 

  S. 

No.  
Microorganisms  

                   Zone of Inhibition in mm  

1000µg  500µg  250µg  125µg  62.5µg  DMSO 

I  Turbinaria conoides     

1  Escherichia coli  08±0.04   08±0.04 07±0.01  06±0.02  06±0.02   

2  S. typhi  09±0.02   07±0.01 06±0.02  05±0.01  05±0.01  - 

3  S. paratyphi A  11±0.02 09±0.01  08±0.04  07±0.02 -  

4  S. paratyphi B  10±0.04 09±0.02  07±0.01  06±0.02 - - 

II  Gracilaria sp.                  

1  Escherichia coli 15±0.01 14±0.03  13±0.01  12±0.01 11±0.01   

2 S. typhi  17±0.00 15±0.02  14±0.03  12±0.01 11±0.01  - 

3  S. paratyphi A  15±0.01 12±0.03  11±0.01  11±0.02 10±0.01   

4  S. paratyphi B  13±0.01 11±0.02  10±0.01  09±0.00 09±0.01  - 

III  Sargassum sp.                  

1  Escherichia coli 14±0.02 12±0.01  12±0.04  11±0.02 10±0.01   
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2  S.  typhi  15±0.01 13±0.02  11±0.01  10±0.02 10±0.01  - 

3  S. paratyphi A  13±0.01 10±0.02  09±0.01  08±0.02 07±0.02   

4  S. paratyphi B  11±0.00 09±0.01  08±0.01  07±0.02 06±0.02  - 

Table 4- Broth Dilution Method  

   

S. 

No.  

Microorganisms  

OD at 620 nm 

40mg 20mg 10mg 5mg 2.5mg DMSO 
Culture 
broth 

I  
Turbinaria 
conoides  

   

1  Escherichia coli 
0.80± 

0.01  

  0.78 
±0.02 

0.70± 

0.01 

0.73± 

0.01  

 0.85± 

 0.02  

0.87± 

0.01  

0.90± 

0.01  

2  S.  typhi  
0.78± 

0.01  

0.77± 

0.01  

0.69± 

0.01 

0.73± 

0.01 

0.79± 

0.01 

0.85± 

0.01  

0.88± 

0.01  

3  S.  paratyphi A  
0.81± 

0.01 

0.81± 

0.02 

0.72± 

0.01 

0.84± 

0.00 

0.97± 

0.01 

1.00± 

0.02  

1.02± 

0.02  

4  S.  paratyphi B  
0.81± 

0.01 

0.80± 

0.02 

0.75± 

0.01 

 0.85± 

0.01 

0.96± 

0.01 

1.03± 

0.02  

1.10 

±0.02  

II  Gracilaria sp.                       

1  Escherichia coli 
0.85± 

0.01  

 0.80± 

0.01  

0.70± 

0.00  

0.60± 

0.01  

0.73± 

0.01  

0.84± 

0.01  

0.90± 

0.01  

2  S. typhi  
0.80± 

0.01  

0.71± 

0.01  

0.63± 

0.01  

0.57± 

0.01  

0.75± 

0.01  

0.85± 

0.01  

0.88± 

0.01  

3  S.  paratyphi A  
0.89± 

0.01  

0.84± 

0.01  

0.78± 

0.01  

0.76± 

0.01  

0.95± 

0.01  

1.00± 

0.02  

1.02± 
0.02  

4  S. paratyphi B  
0.90± 

0.01  

0.85± 

0.01  

0.80± 

0.01  

0.78± 

0.01  

0.96± 

0.01  

1.03± 

0.01  

1.10± 

0.01  
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Discussion 
As, there is an increase in the rate of emerging resistance among pathogenic bacterial population, 
the earth’s oceans will have the potential to provide a novel source of structurally unique 
bioactive agents. They represent a much greater diversity of organisms estimated to contain upto 
2, 00,000 invertebrate and algal species. Research has also shown that marine derived plant can 
produce a vast array of natural products with great diversity in chemical structure. 

The present phytochemical study revealed the presence of higher concentration of proteins, 
alkaloids, moderate amount of tannins and traces of cardioglycosides. These constituents 
significantly contribute to the biological activity of seaweeds (16, 17).  

The results obtained in present study are in concordance with Periasamy Mansuya et al., 2010(18) 
and Manivannan et al., 2008 (19). The Polyphenols are generally more soluble in polar organic 
solvents like ethanol, methanol or acetone.  

In the present study the total phenolic content of ethanolic extracts were found to be more than the 
other extracts, with Gracilaria sp. having the highest total phenolic content and these 
polyphenolic compounds are said to act as rich source of antioxidant (20, 21).  

The results obtained in the study are in agreement with Indu and Seenivasan, 2013 (22).  The 
antibacterial activities of ethanolic and ethyl acetate extracts of the chosen seaweeds exhibited 
varying degrees of antibacterial activities against the test organisms.  

On a general note the ethanolic extract exhibited higher degree of antibacterial activity than the 
other extract. In this study, the ethanolic extract of Gracilaria sp. exhibited higher antibacterial 
activity both by disc diffusion and tube dilution techniques against Escherichia coli, Salmonella 
typhi, Salmonella paratyphi A, Salmonella paratyphi B. The results obtained were analogous with 
most of the workers who screened the activity of seaweeds for antibacterial activity (23, 24). 

III  Sargassum sp.                       

1  Escherichia coli 
0.80± 
0.02  

0.77 
±0.01  

0.79± 

0.01  

0.81± 

0.02  

0.81± 

0.01  

0.85± 

0.01  

0.91± 

0.01  

2  S. typhi  
0.77± 

0.02  

0.70± 

0.01 

0.73± 

0.01 

0.79± 

0.01 

0.81± 

0.01  

0.77± 

0.02  

0.88± 

0.02  

3  S.  paratyphi A  
0.81± 

0.01 

0.75± 

0.01 

0.84± 

0.03 

0.97± 

0.01 

0.99± 

0.02 

0.81± 

0.01 

1.02± 

0.02  

4  S. paratyphi B  
0.80± 

0.03 

0.78± 

0.04 

0.85± 

0.02 

0.96± 

0.01 

0.99± 

0.04 

0.80± 

0.03 

1.10± 

0.01  
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Conclusion 
The preliminary screening study proved that ethanolic extract of Gracilaria sp. containing higher 
polyphenols has efficient antimicrobial activity against tested microbes when compared to the 
ethanolic extract of Turbinaria conoides and ethyl acetate extract of Sargassum sp. Therefore the 
present findings suggest the use of seaweeds in development of phytomedicines used in 
management of the bacterial pathogens causing enteric infections.   
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