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ABSTRACT: Marine macroalgae Sargassum is commonly referred to as 

brown seaweeds. Commercially and continuously the pharmaceuticals 

industries are rapidly growing because always demand for new drug 

discovery is encouraged. Since, brown seaweeds have ample source of 

bioactive compounds of primary or secondary metabolites. These 

potential bioactive compounds interest to improve the pharmaceuticals 

industry. This present study was investigated to explore the antibacterial 

and antifungal activity of the organic solvents of the brown seaweed 

Sargassum. Phytochemical analysis of Brown seaweeds of Sargassum 

longifollium with six different organic solvents was analyzed. All the 

solvents like Dimethyl Sulfoxide (DMSO), Benzene, Acetic acid, hexane, 

Di Ethyl ether, and Chloroform has the extraction of phytochemical 

constituents. Among the six solvents, Dimethyl Sulfoxide (DMSO) 

extract showed a maximum number of phytochemical constituents and 

antibacterial and antifungal activity when compared to other five solvent 

extracts. FTIR identified the responsible functional groups in the solvent 

extract. These results statements be a necessary (or) recommended that 

the species of brown seaweeds (Sargassum longifolium) having a 

potential capacity as a source of antimicrobial compounds, which makes 

them interesting for screening for natural and highly bioactive secondary 

metabolites products it may lead to the development of new 

pharmaceutical agents. 

INTRODUCTION: Algae‘s are very large and 

important aquatic diverse groups found in marine 

and fresh water 
1
. Algae are divided into three 

classes, Chlorophyceae (green algae), Phaeophyceae 
(brown algae) and Rhodophyceae

2
 (red algae). 
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Land plants resources have most exhausted to 

produce traditional and modern medicines. 

However, the biological and chemical diversity of 

marine source initiates a new type of agents against 

many diseases 
3, 4

.   

Marine algae’s are a rich source of biologically 

active metabolites 
5, 6

. Many marine algae highly 

produced secondary (or) primary metabolites may 

be these potential bioactive compounds are used in 

the many pharmaceutical industry 
7
. Now a day’s 

many unique chemical compounds of marine origin 

have various biological activities.  
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Some of them screened and under investigation, 

and others are being used to develop new 

pharmaceutical agents. In marine macro algae‘s are 

a concern because it has a wide range of biological 

activities such as antioxidant 
8
, antifungal 

9
, 

anticancer 
10

, antiviral 
11,

 and antibacterial activities 
12

. The numerous reports macro algae chemical 

compounds used pharmaceutical‘s in broad range 

because they produce bioactive substances and 

chemically active metabolites, in their surroundings 

as an aid to product themselves against other 

settling organisms like bacteria and fungi 
13

. 

Seaweeds are primitive non-flowering plants 

without true root leaves and stem and commercially 

essential marine cash crop. It is used as a foodstuff 

and many pharmaceuticals applications because 

they contain a great source of three bioactive 

compounds such as dietary fiber proteins, vitamins, 

carotenoids, essential fatty acids and minerals 
14, 15, 

16
.  Seaweeds are used to important in ecological 

interactions between marine microorganisms and 

other microorganisms 
17

. The active antimicrobial 

essences in algae are normally extracted by water 
18

. But in this paper, the antibacterial substances are 

extracted by organic solvents. Such as toluene, 

ethyl acetate, acetone, ethanol, methanol. The 

seaweeds provide the different antimicrobial 

activity with different solvent extracts 
19, 20

. The 

active constituent cell and active extract of 

Sargassum algae have been shown antimicrobial 

active in-vitro against Gram-positive and gram-

negative pathogens. Seaweeds Sargassum have to 

produce secondary metabolites and bioactive 

compounds. These characterized by a broad 

spectrum of antimicrobial activities 
21

.  

In the present study, we describe the antibacterial 

and antifungal characteristics of Dimethyl 

Sulfoxide (DMSO), Benzene, Acetic acid, hexane, 

Di Ethyl ether and Chloroform extracts of 

Sargassum longifolium (marine brown seaweed) 

algae obtained from the Tuticorin coastal area. The 

effective extract activation was measured by well 

diffusion method and these organic solvents of 

brown seaweed algae extract characterization, and 

functional groups are analyzed by Fourier 

transform infrared (FTIR). These results may 

encourage the pharmaceuticals field and the 

invention of sowing seeds to discover the new 

drugs. 

Experimental Part: 

Chemicals: Organic solvents such as Dimethyl 

Sulfoxide (DMSO), Benzene, Acetic acid, hexane, 

Ethyl ether and Chloroform purchased from 

Thomas Baker, Mumbai. Muller-Hinton agar 

medium and Rose Bengal Agar medium was 

purchased from Hi-media, Mumbai. 

Collection of Seaweed Sample: The brown 

seaweed algae Sargassum longifolium was 

collected from Tuticorin coastal area in South 

Tamilnadu, India. The algal sample was cleaned 

from epiphytes, extraneous matters and necrotic 

were removed. These Sargassum samples were 

collected in sterilized polyethylene bags. After that 

the samples were washed thoroughly with seawater 

then sterile double distilled water, air dried, cut into 

small pieces and then ground in a tissue grinder 

until reach fine powder form and stored in airtight 

bottles. 

Extraction of Seaweeds: 

Solvent Extraction: The powdered brown seaweed 

was soaked in 25 ml of organic solvents such as 

Dimethyl Sulfoxide (DMSO), Benzene, Acetic 

acid, hexane, Ethyl ether and Chloroform incubated 

for 1 h to homogenize the sample. After that, it 

filtered 2 times through Whatman no.1 filter paper. 

Collect the pure filtrate extract and store in the 

refrigerator for further and future use 

Biochemical Characterization: 

Test for Carbohydrate: The presence of 

carbohydrate in the extracted of brown seaweeds 

was tested using Molisch’s test, add 2 drops of 

Milosch's reagent to 2 ml of seaweed extract in a 

test tube and mix thoroughly. Add 2 drops of conc. 

Sulphuric acid by the side of the test tube in 

slanting position. Then erect the test tube slowly. 

The reddish violet ring formed at the junction of 

the two liquids. This indication was the presence of 

carbohydrates.   

Test for Proteins and Amino Acids: Equal 

volume of 5% of sodium hydroxide and 1% 

solution of copper sulphate were added with the 

extracts of brown seaweeds. The appearance of 

pink color shows the presence of proteins and free 

Amino acid. 

Preliminary Phytochemical Analysis: The brown 

seaweeds (Sargassum longifolium) extracts were 
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analyzed for the presence of Proteins and amino 

acids, Flavonoids, Alkaloids, Coumarine, Tannins, 

Sugar / Glucosides, and Phenolic compounds 

according to the standard procedures. 

Test for Anthraquinone Glycosides: 
Borntrager’s Test: The small quantity of the test 

solution was boiled with diluted sulfuric acid and 

filtered. Ether was added to the filtrate and shaken 

well. The separated organic layer was added with 

ammonia. The layer became pink to red. It 

indicates the presence of Anthraquinone 

glycosides. 

Test for Flavonoids: To the small quantity of the 

test solution, add aqueous sodium hydroxide 

solution, the appearance of blue to violet color 

indicates the presence of anthocyanins, yellow 

color indicates the presence of flavones, yellow to 

orange indicates the presence of flavonoids. 

Test for Alkaloids: 0.5 of extracts was stirred with 

5 ml of 1 % aqueous hydrochloric acid on a water 

bath from that 1 ml portion was treated with 

Dragendorff’s reagent. The turbidity of 

precipitation showed the presence of alkaloids in 

the extract. 

Test for Coumarine: A small amount of algae 

sample was taken in a boiling tube and treated with 

alcoholic sodium hydroxide. The yellow color 

formation indicates the presence of coumarin. 

Test for Tannin and Phenolic Compounds: The 

small quantity of the test solution was taken 

separately in water and tested for the presence of 

Phenolic compounds and tannins with following 

reagents such as 

Diluted Ferric Chloride solution (5%): Violet 

Colour 

1% Solution Gelatin containing 10% NaCl: White 

Precipitate 

10% Lead Acetate solution: White Precipitate 

Test for Sugar/Glucosides: In a boiling tube few 

ml of extract sample was taken and mixed with the 

equal quantity of anthrone reagent. Then, it was 

treated with 2 drops of concentrated sulphuric acid 

and gently heated in a water bath. The green color 

formation indicates the presence of sugar. 

Fourier - Transform Infrared Analysis (FTIR): 

FTIR analysis was performed using Perkin Elmer 

Spectrometer System. Dry (dehydrated) 

Sargassum’s samples were analyzed. This 

technique was used to detect the characteristic 

peaks and their functional groups. The peak values 

of the FTIR were analyzed. Every analysis was 

repeated twice and confirmed 
22

.  

Bacterial and Fungal Strains Used: The bacterial 

strains Bacillus subtilis, Proteus sp, Streptococcus 

sp, Enteroccoci sp, and Klebsiella pneumoniae. 

while fungal strains were Aspergillus niger, 

Candida albicans, Aspergillus fumigates, 

Aspergillus Petraeus,  and  Fusarium sp used for 

the present study.  

Bacterial and fungal strains were obtained from 

Department of Microbiology, Adhi Parasakthi 

College of Arts and Sciences, Kalavai - 632506, 

Tamil Nadu, India. The bacterial stock cultures 

were maintained on Mueller Hinton Agar, and 

fungal cultures were maintained on Potato Dextrose 

Agar medium at 4 °C. 

Antibacterial and Antifungal Assay: The Muller-

Hinton agar medium was used for the antibacterial 

assay. The inoculation of all agar plates with 

bacterial strains as follows: Sterile cotton swab was 

dipped into a well-mixed Nutrient broth; 

(containing bacterial cultures incubated in a shaker 

for eight hours at 37 C). Excess inoculums were 

removed by pressing the swab against the inner 

wall of the culture tube.  

The entire Antibacterial activity of algal extracts 

was determined by agar well diffusion agar plates 

were swabbed horizontally, vertically and the outer 

edge of the plate to ensured heavy growth over the 

entire surface. All the culture plates were allowed 

to dry for about five minutes. Then the prepared 

extracts are poured into the well in the standard 

concentration. All the plates were incubated for 24 

h at 37 C.  

Then the presence of a zone of inhibition could be 

measured on the plates. The same procedure was 

used to antifungal assay but this method using 

Potato Dextrose Agar medium. All tests were 

performed in triplicate, and clear zones greater than 

10 mm were considered as positive results 
23

. 
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RESULTS AND DISCUSSION: 

FTIR Analysis: The FTIR spectrum was used to 

identify the functional group of the active 

components based on the peak value in the region 

of infrared radiation. The dry powder of S. 

longifolium was passed into the FTIR, and the 

functional groups of the organic solvents Dimethyl 

Sulfoxide (DMSO), Benzene, Acetic acid, hexane, 

Ethyl ether, and Chloroform extract components 

were separated based on its peak ratio. The results 

of FTIR were summarized in Table 4. The results 

of six organic solvents FTIR analysis show 

different peaks at 3080, 3038, 3000, 2931, 2971, 

1710, 1413, 1247, 1478, 1459, 1314, 1370, 1245, 

1616, 1497, 1457, 1640, 1585, 1416, 1017, 1035, 

1047, 1049, 1048, 955, 744, 700, 697, 658, 637, 

627, 614, 559 cm
-1

 have = C-H stretching it 

confirmed the presence of functional groups such 

as aromatics, alkenes, alkanes, α, β Unsaturated 

aldehydes, carboxylic acid, aliphatic amines, nitro 

compounds, alkanes, alcohols, aliphatic amines 

group, 1   ْ,amines  alkyl halides, Alcohols and 

Phenols compounds etc. The results are shown in 

Fig. 1. 

FTIR Analysis: 

 
FIG. 1: FTIR SPECTRUM OF SARGASSUM 

LONGIFOLIUM BY VARIOUS ORGANIC SOLVENTS 

a) Acetic acid, b) Benzene, c) Dimethyl Sulfoxide (DMSO),  

d) Di Ethyl ether e) Chloroform and f) hexane 

TABLE 4: BIOCHEMICAL COMPONENTS PRESENT IN SARGASSUM LONGIFOLIUM BY VARIOUS 

ORGANIC SOLVENTS 

S. no. Organic Solvents Wave number(cm-
1
) Functional Groups 

 

 

 

1. 

 

 

 

Acetic acid 

3080 cm-
1 

1710 cm-
1
 

1413 cm-
1
 

1247 cm-
1
 

1017 cm-
1
 

614  cm-
1
 

C-H Stretch, aromatics 

=C-H Stretch,  alkenes α,β – unsaturated 

aldehydes 

O-H band carboxylic acid 

C-N Stretch, aliphatic amines 

C-N Stretch, amines 

-C=-C-H:C-H bend, alkynes 

 

 

2. 

 

 

Benzene 

3038 cm-
1
 

2931 cm-
1
 

1478 cm-
1
 

1035 cm-
1
 

627  cm-
1
 

=C-H Stretch, alkenes 

C-H Stretch, alkanes 

N-O asymmetric Stretch, nitro compounds 

C-N Stretch, aliphatic amines 

C-H Stretch  bending fibrations- alkynes 

 

3. 

 

DimethylSulfoxide 

(DMSO) 

3000 cm-
1
 

1459 cm-
1
 

1314 cm-
1 

1047 cm-
1
 

955 cm-
1
 

700 cm-
1
 

=C-H Stretch, Alkenes 

C-H bend, alkanes 

C-O Stretch, alcohols, carboxylic acids, 

esters,ethers 

C-N Stretch, Aliphatic amines group 

=C-H bend, alkenes 

C-H bending  alkenes 

 

4. 

 

Di Ethyl Acetate 

1743 cm-
1
 

1370 cm-
1
 

1245, 1049cm-
1
 

637 cm-
1
 

C=O Stretch (s) Esters, saturated aliphatic group. 

C-H rock (m) Alkanes. 

C-N Stretch, Aliphatic amines group 

C-H ‘oop’, aromatic groups. 

 

5. 

 

Chloroform 

2971 cm-
1
 

1616 cm-
1
 

1497 cm-
1
 

1457 cm-
1
 

744  cm-
1
 

=C-H Stretch, Alkenes 

N-H bending, 1 ͦ amine 

N-O asymmetric stretch, nitro compounds 

C-H bending, alkenes 

C-H bending, arenes groups. 
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697 cm-
1
 

559  cm-
1
 

C-H, bending aromatics groups. 

C-Cl stretch alkyl halides 

 

6. 

 

Hexane 

1640 cm-
1
 

1585 cm-
1
 , 1416  cm-

1
 1048 cm-

1
 

658   cm-
1
 

-C=C- stretch, alkenes 

C-C  stretch ( in – ring) , aromatics 

C-N Stretch, Aliphatic amines group 

O-H bending,  Alcohols, and Phenols 

 

Antibacterial and Antifungal Assay: Seaweeds 

are rich source minerals, fatty acids, vitamins and 

other nutritive elements, etc are necessary to human 

consumption. These nutritive element contents in 

seaweeds are much higher when compared to the 

other edible land plants and land vegetables 
24

. The 

elemental composition and nutrition value has been 

depending on varying according to seaweeds 

species, oceanic residence time, wave exposure, 

seasonal, geographical place of harvest, annual, 

physiological factors and environmental, type of 

processing and method of extractions 
25, 26

.  In the 

present investigation, phytochemical analysis and 

antimicrobial assay of brown seaweeds namely 

Sargassum longifolium by using six different 

organic solvents studied.  

The result of the preliminary screening test was 

summarized in Table 1, which revealed that all the 

solvents like Dimethyl Sulfoxide (DMSO), 

Benzene, Acetic acid, hexane, Di Ethyl ether, and 

Chloroform has the extraction of phytochemical 

constituents. Among the six solvents, DMSO 

extract showed a maximum number of 

phytochemical constituents when compared to 

other five solvent extracts. Antibacterial and 

antifungal assay of the six solvents extract of the 

brown seaweeds were analyzed and summarized in 

Table 2, Table 3. The level of inhibition was 

observed for ten organisms (5 microorganism’s 

strains and 5 fungal strains). The maximum 

antimicrobial potentials were observed for the 

DMSO solvent extract of Sargassum longifolium, 

which inhibited the growth of all using tested 

organisms.  

In extracts obtained using acetic acid of 

Sargassum’s showed a minimum activity against 

pathogens like Streptococcus sp (18 mm) and 

significant activity against Klebsiella pneumoniae 

(20 mm) Enteroccoci sp (19 mm), and low activity 

against Bacillus subtilis (17 mm) and maximum 

activity in Proteus sp (21 mm). All other four 

solvents Di ethyl ether, Benzene, Chloroform, and 

Hexane are low antibacterial pontentials when 

compared to DMSO and acetic acid. In fungi, the 

significant activities are seen in all extract are 

responsible to Aspergillus niger only. Antibacterial 

activity depends on both algal species and the 

efficiency of the extraction method. The higher 

susceptibility mentioned against the algal extracts 

gives a promising indication of developing a new 

potent drug from marine natural sources. It is used 

in combating the infections due to such pathogens. 

In this antimicrobial assay of six solvent extracts of 

brown seaweeds, Proteus sp and Klebsiella 

pneumoniae had a maximum inhibition zone. A 

particular group of bacteria has more susceptibility 

because it was due to the difference in their 

structure and their composition level of the cell 

wall 
27

. 

The gram-negative bacteria outer membrane act as 

a barrier to many environmental substances 

including antibiotics 
28

. The exact reason gram-

negative strains are observed high sensitivity it 

could be opinioned the compounds in macroalgae 

may be phenolic nature, which solubilized the 

lipopolysaccharide layer of its cell wall, so leading 

to entry of the inhibitory compounds. But the gram-

positive bacteria have a thick peptidoglycan layer 

in its outer cell wall hence it has less susceptibility. 

So it’s resisted to the entry of the inhibitory 

compounds. 

It is clear that using organic solvents always 

provide higher efficiency in extracting compounds 

for antimicrobial activities compared to water-

based methods 
29

. Usually, algae's antibacterial 

substances are extracted by water 
18

. Manilal et al., 

2009 
30

 studies reported that the dried seaweed 

extracts exhibited broader and higher antimicrobial 

activity than fresh seaweed extracts because the test 

organisms were more sensitives to fresh algae 

extracts 
31, 32

. Few studies mentioned other organic 

solvent extracts to exhibits the superior 

antimicrobial activity, such as ethanol 
33

, methanol 
34

 and diethyl ether 
35

. It is clear that always 

organic solvents exhibit the stronger efficiency in 

extracting of some antimicrobial compounds 
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compared to other methods. According to our 

studies results, DMSO extracts of Sargassum 

Longifolium have the highest antimicrobial 

activities than other solvents extracts of Sargassum 

longifolium. 

Recent days, increased resistance to old antibiotics 

requires trying to find a new substitute. These 

results the seaweed of Sargassum longifolium had a 

spectrum of phytochemicals, which are called as 

secondary metabolites may lead to remarkable 

promising antibacterial agents obtain from natural 

and traditional source material as an alternative to 

substitute the existing antibiotics, which are already 

to develop new drugs.    

TABLE 1: PRELIMINARY PHYTOCHEMICAL AND BIOCHEMICAL SCREENING OF EXTRACTS OF 

SARGASSUM LONGIFOLIUM 

S. no. Tests Benzene Acetic acid Hexane Dimethyl Sulfoxide Di Ethyl ether Chloroform 
1 Proteins and Amino 

acids 

+ + + + + + 

2 Flavonoids + - + + - + 

3 Glycosides - + - + - + 

4 Phenolic compounds + + + + + + 

5 Carbohydrates - + + - - - 

6 Alkaloids + + + + + + 

7 Coumarine - - + - + + 

8 Sugar/Glucisides + + + + + + 

TABLE 2: ANTIBACTERIAL ACTIVITY OF SARGASSUM LONGIFOLIUM AGAINST DIFFERENT BACTERIAL 

PATHOGEN 

Bacteria Benzene Acetic acid Hexane Dimethyl Sulfoxide Di Ethyl ether Chloroform 
Streptococcus sp 16.83±0.441 18.1±0.166 17.26±0.145 21.33±0.166 19.83±0.166 16.2±0.145 

Proteus sp 18.5±0.764 21.2±0.145 17.33±0.166 24.16±0.166 20.66±0.166 17.3±0.166 

Bacillus subtilis 16.23±0.145 17.5±0.289 15.43±0.296 20.5±0.500 16.5±0.289 18.1±0.166 

Klebsiella 

pneumoniae 

19.66±0.166 20.1±0.441 19.66±0.166 23.16±0.166 19.66±0.166 19.6±0.166 

Enteroccoci sp 17.66±0.333 19.1±0.166 16.26±0.145 22.46±0.290 17.73±0.371 15.2±0.233 

TABLE 3: ANTIFUNGAL ACTIVITY OF SARGASSUM LONGIFOLIUM AGAINST DIFFERENT FUNGAL 

PATHOGENS 

Fungal Strain Benzene Acetic acid Hexane DMSO Di ethyl ether Chloroform 

Aspergillus niger 10.23±0.145 9.3±0.208 9.06±0.066 14.4±0.305 14.06±0.066 13.23±0.145 

Candida albicans 6.233±0.145 7.33±0.166 6.333±0.166 7.666±0.240 10.2±0.115 8.83±0.014 

Aspergillus fumigates 5.666±0.353 5.4±0.231 8.166±0.166 5.166±0.088 12.16±0.088 9.166±0.166 

Aspergillus terreus 5.833±0.929 6.466±0.240 9.23±0.145 9.73±0.371 11.9±0.379 8.9±0.458 

Fusarium sp 8.5±0.289 8.133±0.133 7.23±0.145 7.733±0.371 10.73±0.371 11.2±0.115 

 

CONCLUSION: In this work, we can show that 

these six organic solvents extractions of 

macroalgae (Sargassum longifolium) were tested 

for its antibacterial and antifungal effect results 

successfully showed the better zone of inhibition 

against tested pathogenic bacteria and fungus. This 

extracts can be used for the development of new 

drugs in the pharmaceutical industry.  

Our results revealed that these brown seaweeds 

might be attributed to the economically important 

antimicrobial compounds are easily extracted with 

these organic solvents. The marine environment 

has a wide range of bioresources and tremendous 

potential compounds. These resources to provide a 

new by-products such as enzymes, antibiotics, etc. 

the extraction of active constituents of brown 

seaweeds which can be used for the production of 

lead molecules these are valuable in the 

pharmaceutical industry. Many bioactive 

compounds and pharmacologically active 

substances are isolated from algae because algae’s 

are original fuel of nature.    
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