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ABSTRACT
Marine algae contain diverse bioactive compounds with pharmaceutical and nutraceutical importance. The present
study was aimed at exploring one such alga, Sargassum polycystum, belonging to the phaeophyceae family. The
seaweed was extracted with two different solvent systems and subjected to phytochemical analysis, antimicrobial
and antioxidant studies. The extract showed wide variety of phytocomposition and was found to possess significant
antimicrobial activity against bacterial and fungal pathogens. For antioxidant activities, DPPH assay, Hydroxyl
radical scavenging assays, Phosphomolybdenum reduction and Fe3+ reducing power assays were carried out.
The extract exhibited remarkable antioxidant activity in all the assays, especially in Fe3+ reducing power assay
and hydroxyl radical scavenging, a maximum inhibition of 96.27 and 84.14% was observed, respectively. Also,
the GC-MS analysis further confirmed the presence of isoflavone, a phenolic compound that signifies the role in
antioxidant activity.
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INTRODUCTION

Marine environment is a rich source of biological
and chemical diversity. The diversity has been a
unique source of chemical compounds of potential
for pharmaceuticals, cosmetics, dietary supplements
and agrochemicals (Chau et al. 2005). It also
represents a great challenge that requires inputs from
various scientific areas to bring the marine chemical
diversity up to its therapeutic potential. In folk
medicine, seaweeds have been used for a variety of
remedial purposes, such as in eczema, gallstone,
renal trouble, scabies, Psoriasis, asthma,
arteriosclerosis, heart disease, ulcers and cancer
(Raghavendran et al. 2006). Seaweeds are considered
as a rich source of bioactive compounds as they are
able to produce a great variety of secondary
metabolites characterized by a broad spectrum of
biological activities (Rajasulochana et al. 2009).
Brown seaweeds are rich sources of bioactive
secondary metabolites. Among the marine flora and
fauna marine algae are rich sources of diverse
bioactive compounds with various biological
activities. Recently, their importance as a source of
novel bioactive substances is growing rapidly and
researchers have revealed that marine algal
originated compounds exhibit various biological

activities (Wijesekara and Kim 2010).
For nearly 2000 years Sargassum spp., brown

seaweed, has been used in Traditional Chinese
Medicine (TCM) to treat a variety of diseases
including thyroid disease (eg. goitre). Sargassum has
been used traditionally for treating scrofula, goiter,
tumor, edema, testicular pain and swelling (Kandale
et al. 2011). The therapeutic effects of Sargassum
spp. are scientifically plausible and may be explained
partially by key in vivo and in vitro pharmacological
activities of Sargassum, such as anticancer, anti-
inflammatory, antifouling, antibacterial (Mansuya et
al. 2010), antiviral (Yangthong et al. 2009, and Liu
et al. 2012), hepatoprotective (Raghavendran et al.
2006), larvicidal (Lee and Kang 2015) and
neuroprotective (Subramaniam et al. 2014).

Sargassum species are found throughout tropical
and subtropical areas of the world and are reported
to produce metabolites of structural classes such as
terpenoids, polysaccharides, polyphenols,
sargaquinoic acids, sargachromenol, plastoquinones,
steroids, glycerides etc., which possesses several
therapeutic activities (Chennubhotla et al. 1981).
Phyto chemical properties, anti-microbial potential
and anti-oxidant activities of several seaweed species
of Tamil Nadu coastlines are still unexplored and
unidentified. Though there have been a number of
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studies on ecology, anatomy, taxonomy and
distribution from the coast of Bay of Bengal but a
little attention was paid on the phytochemical
properties, antimicrobial activities and anti-oxidant
nature of these seaweeds. Hence, the present study
is focused on the seaweed Sargassum polycystum
from the coast of Mandapam, Ramanathapuram
District, Tamil Nadu.

MATERIALS AND METHODS

Collection of samples
Fresh algae were collected in polythene bags
containing sea water from the coastal line of
Mandapam (9°16’37.34"N; 79°7’30.78"E),
Ramanathapuram district, India and transported to
the laboratory. Then the algal materials were
thoroughly washed in running tap water to remove
the attached epiphytes and other marine debris.
Finally, it was washed with distilled water and
allowed to dry under shade for 5-7 days, until the
moisture was completely removed. The dried
material was ground to a coarse powder and stored
in air tight containers at room temperature.

Preparation of crude extract and analysis
Finely ground algal material was extracted with
chloroform and aqueous in the ratio of 1:10 (w/v) in
a conical flask for 72 hrs. The mixture was filtered
using Whatman No.1 filter paper in a separate
container. The above process was repeated for two
times with the same residue using fresh solvent. All
the supernatants were collected together and then the
solvent was removed by rotor evaporator. The filtrate
thus obtained was allowed to concentrate and stored
for further studies. All parameters were performed
on the crude extracts of seaweeds to explore the
phytoconstituents present in them by adapting the
methods of Harborne (1998) and Kokate (2001).

RESULTS AND DISCUSSION

Phytochemical analysis
The phytochemical constituents of the selected
brown seaweed Sargassum polycystum are
summarized in Table 1. The chloroform extract
showed the presence of alkaloids, phenol, sugar,
foam, flavonoids, steroids and terpenoids while the

Table 1. Phytochemical screening of Sargassum
polycystum

Test Chloroform Aqueous
extract extract

Alkaloids + +
Terpenoids + +
Steroid + +
Phenol + +
Flavonoid + +
Tannin - +
Sugar + -
Saponin - +

‘+’ Present, ‘-’ Absent

aqueous extract showed the presence of alkaloids,
foam, flavonoids, tannins, steroids and terpenoids.
The results of the present study confirmed rich
sources of phytoconstituents which can be isolated
and further screened for various biological activities.
In agreement to the above results, many research
studies has reported the phytoconstituents of the
genus Sargassum with structurally unique secondary
metabolites such as alkaloids, anthraquinones,
cardiac glycosides, flavonoids, reducing sugars,
saponins and terpenoids (Arsianti et al. 2020). In a
similar study conducted by Mehdinezhad et al.
(2016), three different Sargassum species namely,
Sargassum angustifolium, Sargassum oligocystum
and Sargassum boveanum also showed the presence
of alkaloids, saponins, flavonoids, tannins, steroids,
anthraquinones and terpenoids.

Antimicrobial activity
Seaweed produces metabolites aiding in the
protection against different environmental stresses.
These compounds show antiviral, antiprotozoal,
antifungal, and antibacterial properties (Perez et al.
2016). Antimicrobial activity of crude extracts and
solvent fractions from Sargassum has been reported
as effective against bacterial and fungal pathogens
(Kim et al. 2007). The antibacterial activity of S.
polycystum against Gram-negative bacteria and
Gram-positive bacteria was reported to show
bacteriostatic as well as inhibitory activity (Chiao-
Wei et al. 2013). Accordingly, in the present study,
the chloroform extract was found to be the most
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effective showing the largest inhibition zone
particularly with Staphylococcus aureus (2.3 cm),
followed by Bacillus subtilis (2.2 cm), Pseudomonas
aeruginosa (1.8 cm) and Klebsiella pneumonia (1.5
cm) at 100 μg/ml concentration. The zone of
inhibition increased as the concentration increased
(Table 2). Also, the aqueous extract showed similar
trend in inhibition against the tested pathogens. Of
the two extracts, chloroform was comparatively
significant than the aqueous extract. Overall, both
the extracts were sensitive to all the tested pathogens.

Also, seaweeds are known to possess remarkable
antifungal potential. Sargassum has more
polysaccharides compounds compared with other
algae, this polysaccharides have the ability to invade
inside of the pathogens and damages the nucleus
effectively (Rajivgandhi et al. 2021). The antifungal
activity of Sargassum sp. against Aspergillus niger
and Candida albicans has been reported to
significantly high (Abdi et al. 2022).  The results in
the present study revealed the antifungal potential
of S. polycystum extract against the tested fungal
isolates. The highest activities were recorded in the
chloroform extract against Penicillium notatum (2.8
cm) and Microsporangium gypsium (2 cm) followed
by Candida and Rhizopus (Table 3). Similarly, the
aqueous extract also presented notable inhibition
against Penicillium notatum (1.3 cm),
Microsporangium gypsium (1.7 cm), Candida (1 cm)

Table 2. Antibacterial activity (expressed as zone of inhibition (cm)) of Sargassum polycystum

     Chloroform extract Antibiotic       Aqueous extract Antibiotic

Microorganism 25 μg 50 μg 75  μg 100 μg (25 μg /ml) 25 μg 50 μg 75  μg 100 μg (25 μg /ml)

Stapylococcus aureus 1.2 1.3 2 2.3 2.4 1 1.2 1.3 1.4 1.8
Bacillus subtilis 1.2 1.4 2 2.2 3.1 1.3 1.7 1.8 1.9 -
Klebsiella pneumoniae - 1.3 1.3 1.5 2.6 - _- - 1.5 2.8
Pseudomonas aeruginosa 1.1 1.5 1.7 1.8 2 1.2 1.3 1.4 1.9 2.6

Table 3. Antifungal activity (expressed as Zone of inhibition (cm)) of  Sargassum polycystum

Microorganism Chloroform extract Antibiotic Aqueous extract Antibiotic
(100 μg /ml) (25 μg /ml) (100 μg /ml) (25 μg /ml)

Penicillium notatum 2.3 2.4 1.3 3.3
Microsporangium gypsium 2.2 3.1 1.7 3.5
Candida albicans 1.5 2.6 1 0
Rhizopus sp 1.8 2.0 1 4
Aspergillus flavus - - - -

and Rhizopus (1 cm). However, both the extracts
were ineffective to Aspergillus flavus.

Antioxidant activity
Sargassum polycystum is well known as macroalgae
that contain active compounds with great function
as antioxidants. The antioxidants content of the
seaweed has links closely to phenolic compounds
(Sumandiarsa et al. 2022). Several studies have
demonstrated a highly significant correlation
between the phenolic content and the antioxidant
activity in seaweed extracts (Siriwardhana et al.
2003). It has been reported that the antioxidant
activity of Sargassum polycystum is well correlated
with the content of their phenolic compounds (Zhang
et al. 2007). Thus, in the present investigation, the
maximum DPPH radical scavenging activity of S.
polycystum was 63.56% at 600 μg/mL and minimum
16.58% at 100 μg/ml concentration (Fig. 1). The
hydroxyl radical scavenging assay demonstrated a
maximum antioxidant activity of 84.14% in 600 μg/
ml concentration and minimum of 56.2% in 100 μg/
ml concentration (Fig. 2). In Phosphomolybdenum
assay and Fe3+ reducing power assay, the seaweed
showed significant antioxidant potential of 75.57 and
96.27% in 60 μg/ml concentration, respectively
(Figs. 3, 4). Overall, the algal extract exhibited
remarkable antioxidant activity. In agreement to the
above findings, study reports on the antioxidant
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Figure 1. DPPH assay

Figure 2. Hydroxyl radical scavenging assay

Figure 3. Phosphomolybdenum reduction assay

Figure4. Fe3+ reducing power assay

activity of brown seaweed, Sargassum olygocystum
has shown similar trends in antioxidant potential
establishing the significant of the genus (Sanger et
al. 2022). Also, the antioxidant activity of the
hydroethanolic extract of S. polycystum investigated
using DPPH and Fe3+ reducing power assay has been
reported to possess significantly high antioxidant
levels (Woonnoi et al. 2023).

GC-MS analysis of Sargassum polycystum
The GC-MS analysis was carried out for the

chloroform extract of Sargassum polycystum and the
eluted compounds are presented in Figure 5. The
extract showed the presence of many biologically
active compounds (Table 4). A flavone compound
Isoflavone was observed at a retention time (RT) of
16.03, which is a potential antioxidant compounds
and could be the reason for the antioxidant property
of the extract. Also, other compounds like Palmitic
acid, Octadecanoic acid, Methyl isostearate,
Methoxyacetic acid Octadecyl ester were found in
the crude extract. A medically important compound
a-Pinene was also observed at a RT of 13.08.
Similarly, many previous studies have reported that
the phenolic compounds produced by the marine
algae significantly contribute to their antioxidant
capacity. The presence of fatty acids, esters,
flavonoids and other phenol derivatives are
considered to possess pharmaceutical values that can
be further explored (Nagai and Yukimoto 2003,
Chabake and Chaubal 2020). Accordingly, the
metabolites extracted from S. polycystum has been
previously reported to comprise n-hexadecanoic acid,
1,2-benzenedicarboxylic acid, mono(2-ethylhexyl)
ester, benzenepropanoic acid, 3,5-bis(1,1-
dimethylethyl)-4-hydroxy- methyl ester, 1-
dodecanol, 3,7,11-trimethyl (Nazarudin et al. 2021).
Similarly, Cyclopropanepentanoic acid and
oxohexanoic acid were found to be present in the
methanolic extract of S. tenerrimum (Ponnuchamy
et al. 2013).

CONCLUSIONS

The marine macroalgae Sargassum polycystum are
a rich source of structurally novel and biologically
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Figure 5. GC-MS chromatogram of S. polycystum crude extract

Table 4. Active compounds identified in Sargassum polycystum by GC-MS analysis

S.No RT Name Molecular Molecular IUPAC name
weight (g/mol) formula

1. 11.37 Indenol 132.162 C
9
H

8
O 1H-Indenol

2. 14.87 1-Benzene 148.2447 C
11

H
16

Benzene,(1-methylenebutyl)
3. 16.03 Isoflavone 222.243 C

15
H

10
O

2
Isoflavone

4. 16.55 Palmitic acid 256.43 C
16

H
32

O
2

Palmitic acid
5. 21.53 Benzene-dicarboxylic 278.3435 C

16
H

22
O

4
1,2-Benzenedicarboxylic acid, mono(2-

acid ethyhexyl) ester
6. 23.28 Pyrimido 163.144 C

5
H

5
N

7
Pyrimido[5,4-E]1,2,4-triazine-5,6
(6H,8H)-dione, 6,8-dimethyl-3-(4-
dimethylaminophenyl)

7. 18.27 Octadecanoic acid 284.4772 C
18

H
36

O
2

9-Octadecanoic acid
8. 17.73 Methyl isostearate 298.5038 C

19
H

38
O

2
Heptadecanoic acid, 16-methyl-, methyl
ester

9. 25.75 Methoxyacetic acid, 342.55638 C
21

H
42

O
3

Methoxyacetic acid, octadecyl ester
octadecyl ester

10. 13.08 á- Pinene 136.238 C
10

H
16

a-Pinene
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active metabolites. The present investigation presents
significant data on the phytochemical constituents,
antimicrobial and antioxidant potential of S.
polycystum extracts with pharmaceutical importance.
Given this antioxidant potential, the study will add
value to the bioprospecting works on this seaweed
which may be explored and developed for its
potential utility as nutritional supplement.
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