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A promising plant group that is important in medicine is the seaweed. In this

investigation, we have focused on the pharmacological prospects of brown

algae (Sargassum sp). Nutraceuticals refer to products that may combine

pharmacological and nutrition. We have collected the plant material close to

Kunkeeshwar in Sindhudurg, Maharashtra’s western coast. We focused on the

Physicochemical Attributes of Sargassum sp., and the study found that the ash

value (41 ± 0.67), moisture content (1.33 ± 0.038), alcohol-soluble extractive

value (1.5 ± 0.030), moisture content (1.33 ± 0.038), and total cash value (41 ±

0.67) are all stated in (%).The GCMS findings, which demonstrate that a total of

25 chemicals were discovered in the aqueous extract of Sargassum sp., also

represent their nutritional profile. All of these substances have chromatograms

that can be observed.1-Hexyl-2-nitrocyclohexane is the substance with the

second-largest retention duration and relative areas, followed by n-hexadanoic

acid. The presence of ocladecanoic acid was later determined. The explanation

for how the activity is concentration-dependent is pharmacological activity,

particularly antioxidant activity as shown by the DPPH assay.2mg/mL is -1545.4

± 0.05. as a minimum. and at (32 g/mL is 7.67 ± 0.05) is the highest. The

antifungal activity of Candida albicans (12.8 mm) and Aspergillus niger

(14.4 mm) both exhibit zone inhibition when tested against two distinct

pathogen however, the antibacterial activity of three different bacteria

demonstrates that Staphylococcus aureus (12 mm), Bacillus subtilis (10 mm),

Proteus mirabilis (12.8 mm), and Escherichia. coli are all zone inhibited (13mm).

Brown algae offer the greatest potential for human health nutrition, while
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pharmacological analysis is helpful for therapeutic application, according to the

overall analysis.
KEYWORDS

brown algae, pharmacological study, Western Coast of Maharashtra, biological study,
biochemical profile, sargassum sp
Introduction

Seaweed is a type of aquatic plant that grows mostly in a

marine environment. According to their pigmentation, often

known as seaweeds, can be divided into red (Rhodophyta),

brown (Phaeophyta), and green seaweeds (Chlorophyta)

(Dawczynski et al., 2007). Algae have rich mineral, carbohydrate,

and protein contents and are rapidly expanding organisms. The

majority of these, comprising 60–70% of the total algal content, are

carbohydrates in the form of cellulose and starch. Prior studies

have revealed that bioactive substances originating from algae, such

as polysaccharides, phlorotannins, minerals, and omega-3 fatty

acids, function as prebiotics and may also benefit users in terms of

antibacterial, antioxidant, and immunomodulatory properties

(Choi et al., 2020a). The country reported that the marine algae

industry in Korea has been thriving for a while. Finding novel

bioactive compounds from marine organisms for usage in

bioindustries such as bioenergy, food, medicines, and cosmetics

is exciting. Recent animal feed research has focused on creating

substitutes for conventional feed components to minimize

environmental and financial concerns. Algae are a desirable feed

source with several potential uses outside the realm of human

eating (Choi et al., 2020b). Sargassum sp. has been reported to have

a nutritional composition of 89% dry matter, 8% crude protein,

31% ash, 2% ether extract, and 39% carbohydrates (Casas-Valdez

et al., 2006). Seaweeds can grow in estuaries, oceans, and shallow

waters. It is a sort of primitive plant that can appear in large and

small shapes and is categorized as macroalgae and microalgae.

Some plants can grow up to 30 meters in length, although most are

a variety of sizes. Seaweed develops by adhering to the substrate

and growing on the beach, intertidal zone, and ocean surface. Since

ancient times, seaweed has been consumed as food in many Asian

nations, and it is also frequently used as a source of biochemicals

for usage in food, medicine, and cosmetics. It has a wide variety of

aquatic plants. Based on their separate classifications as

Chlorophyte, Rhodophyta, Pheophyta, and Cyanophyta, green

algae, red algae, brown algae, and blue-green algae on their

photosynthetic pigment (Barwant and Karande, 2021). One

report has documented Sargassum meals were analyzed using

proximate composition, and the nutritional value of sargassum

meals may be determined. Crude protein and fat concentrations in

seaweed meals were 10.28% and 0.418%, respectively. Ash came in
02
second, making up 32.46% of the seaweed, behind carbohydrates,

which made up 46.61%. Crude fiber’s percentage is 10.25%

(Serrano Jr et al., 2015). Since ancient times, seaweed has been

consumed as food in many Asian nations, and it is also frequently

used as a source of biochemicals for usage in food, medicine, and

cosmetics. It has a wide variety of aquatic plants. Based on their

separate classifications as Chlorophyte, Rhodophyta, Pheophyta,

and Cyanophyta, green algae, red algae, brown algae, and blue-

green algae on their photosynthetic pigment (Barwant and

Karande, 2021). The significance of marine species as sources of

novel bioactive compounds is rapidly growing. Marine species are

plentiful suppliers of structurally diverse bioactive chemicals. S.

fulvellum is a brown edible seaweed that is rich in natural bioactive

compounds as well as nutrients (carbohydrates, unsaturated fatty

acids, protein composition, vitamins, and minerals)

(phlorotannins, grasshopper ketones, and polysaccharides).

Seaweeds are used in East Asian nations including China, Korea,

and Japan as both curative ingredients and nutritious foods. In

recent years, seaweeds have received a lot of attention as potential

sources of functional metabolites. Interest has been raised by the

physiologically active ingredients’ expanding potential as

functional ingredients in the pharmaceutical, food, and cosmetic

industries. According to a source, seaweed is thought to be edible

and includes considerable amounts of carbohydrates (30–60%),

including cellulose, fucoidan, laminaran, alginic acid, protein

(15.8%), ash (27.5%), and relatively little fat (5%) (Liu et al.,

2020). Seaweeds are regarded as nutrient-dense foods since they

are low in calories and high in protein, vitamins, minerals, and

bioactive compounds. The nutritional composition of seaweeds is

influenced by a number of variables, including seaweed species,

habitat, maturity stage, season, temperature, and sampling

circumstances. There have been comparatively few studies on

seaweed’s nutritional benefits in India, despite the fact that

numerous studies on the subject have been done. Additionally,

fresh seaweeds have been the subject of the majority of studies on

seaweed nutrients, with dried seaweeds receiving very little

attention (Debbarma et al., 2016). In the Phaeophyceae family,

Sargassum sp. is a brown seaweed genus that is largely unexploited

and grows unchecked in enormous quantities virtually everywhere

on Earth. In tropical and subtropical waters, it grows close to

beaches with a rocky substrate, rolling stones, and pebbles (Serrano

Jr et al., 2015). It has been reported 150 of the 250 macroalgal
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species that have been economically exploited globally are utilized

as human food. Various brown algal preparations have been used

in traditional Asian medicine (Anastyuk et al., 2017).

Phytochemicals, or non-nutritive plant compounds with

disease-prevention or defense mechanisms, are well-known.

Numerous physiological, biochemical, and enzymatic

procedures that are not dependent on dietary intake of

bioactive components allow the human body to combat

oxidative stress. There isn’t much proof, according to earlier

studies, that consuming more dietary antioxidants enhances

their bioavailability in the body’s physiological system.

Seaweeds are rich in important bioactive chemicals, including

protein, fiber, vitamins, polyunsaturated fatty acids, macro and

trace elements, and others. It ’s crucial to note that

phytochemicals may have additional physiological advantages

even though their value in reducing oxidative stress is

controversial. Previous studies using cell culture and animal

models have shown that seaweed phytochemicals may inhibit

the development of cancer (Ranjani Devi et al., 2018). Seaweeds

have long been a staple of eastern diets, especially in Japan,

China, and Korea, due to their availability of vital elements.

Worldwide, 65 percent of seaweeds that are commercially grown

are consumed for human sustenance. In Japan, seaweeds have

been used to make a wide range of products, including jam,

cheese, wine, tea, soups, and noodles. Agar, algin, and

carrageenan, which are utilized as a gelling, stabilizing, and

thickening agent in a number of industrial applications

including medicines, cosmetics, and food, are also primarily

derived from seaweeds (Debbarma et al., 2016).

In addition to having a healthy balance of essential amino acids,

Sargassum is rich in dietary fiber, brown algal starch, minerals,

vitamins, and good high-unsaturated fatty acids. Chemical scores of

essential amino acids are greater than those of Laminaria and

Porphyra. Therefore, sargassum may be a viable raw material for

dietary supplements and marine drugs (Laihao et al., 1997). As a

result, we have reviewed in depth the nutritional profile of Sargassum

sp., including its biochemical, phytochemical, and biological activities.

Phlorotannins are secondary metabolites produced by brown

seaweeds with antiviral, antibacterial, antifungal, and larvicidal

activities. Phlorotannins’ structures are formed by dibenzodioxin,

ether and phenyl, ether, or phenyl linkages. The polymerization of

phlorotannins is used to classify and characterize (Negara et al.,

2021). Alginates of four locally harvested Ghanaian brown seaweeds

from the Sargassum and Padina genus were assessed for their

rheological and chemical characteristics. The seaweeds contained

16–30% by weight of alginate assessed as the sum of d-mannuronic

acid (M) and l-guluronic acid (G) (Rhein-Knudsen et al., 2017).

This study was carried out to study the effects of selenylation

on physicochemical and biological properties of polysaccharide

(SPP) extracted from Sargassumpallidum (Xiao et al., 2019).

Sargassumcristaefolium and Sargassumcrassifoliumhada

water content of 89.34 percent and 88.56 percent,

respectively. Species, harvest age, can influence water content
Frontiers in Marine Science 03
differences in Sargassum, and environmental circumstances

Sargassumcrassifolium has a high ash content (41.52) and in

Sargassumcristaefolium (41.28) (Dewinta et al., 2020). These

antibacterial chemicals were made up of alkane, alkene,

alkanol, and carboxylic acids. Antibacterial chemicals are

thought to synergistically reduce bacterial growth (Firdaus et

al., 2019). Another report on the Antifungal activity of

96% ethanol extracts of Sargassumcrassifolium and

Sargassumpolycystum against Candida albicans growth

revealed a wide range of inhibitory diameters. The inhibitory

areas of Sargassumcrassifolium and Sargassumpolycystum

extracts are 20.3 mm and 20 mm in diameter, respectively

(Yul iant i , 2018) . Sargassumfucoidan is a k ind of

sulfatedheteropolysaccharide with a variety of biological

activities. The aim of this study was to investigate the

extraction, purification, physicochemical characterization

and in vitro antithrombotic activity of fucoidan from

Sargassumhenslowianum (Lin et al., 2022).
Material and methods

Study region

Kunkeshwar and Malvan are two gathering sites for

sargassum (plant material). Kunkeshwar is situated in the

Sindhudurg district of Maharashtra, on the western coast of

India. In addition, the area is known for its beautiful beach, rich

vegetation, and crystal-clear water. A well-known pilgrimage

site known for the Kunkeshwar yatra and the Mahashivratri

festival is the Kunkeshwar temple (fair). It is situated in the

Konkan region, south of the Devgad fort. The turquoise

Arabian Sea is on one side, and the Sahyadri mountains with

their green summits are on the other. 63 kilometres to the

northwest of Sindhudurg, 137 to Kolhapur, and 420 to Mumbai

separate it. The Konkan belt experiences considerable rainfall

(ranging from 2500 to 4500 mm), and the temperature is

consistently humid and warm. Rainfall is the most frequent

weather pattern in the area. The temperature can rise beyond

30 degrees Celsius during this period (Geographic details of

collecting site; Figure 1 Plate 1 show Kunkeshwar and

Malvan). We routinely visited the collection site, where we

saw an abundance of Sargassum sp. We have gathered

sargassum sp. from this collecting site as seen in Figure 2.

Authentic books and floras like can help in identification

(Srinivasan, 1969).
Identification of seaweed

The Sargassum spp identification was done by observing its

morphological characterization and available literature
frontiersin.org
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references and by using herbarium comparative study Because of

the variety in form, it can be challenging to distinguish between

different Sargassum species. Fortunately, based on a few

reoccurring traits, the plants can be identified as belonging to

the genus. The prominent stem-like axis and distinctive foliar

blades that define the genus are its defining traits. These long,

oval-shaped blades might have striated or smooth edges. In

addition, there are many of tiny air bladders that resemble

berries. The plants’ hues, which range from yellow-brown to a

deep, rich chocolate, are also pretty stable.
Preparation of extract

Seaweed samples were hand-picked and then rinsed in

seawater to remove foreign particles, grit, and epiphytes. It was

then taken to the laboratory and properly cleaned using tap

water. The seaweeds were then spread out on blotting paper to

absorb any extra moisture. The samples were dried and ground

into a fine powder, which was then utilized to generate extracts

in three different mediums: alcohol, aqueous, and acidic, which

were subsequently employed in the phytochemical investigation.

Analysis of biochemical parameters Antioxidant and biological

activity and GC-MS.
Physicochemical analysis

The total plant material’s physicochemical composition was

determined using recognized methods and WHO criteria.

During the physicochemical analysis, various properties were

calculated, including ash values, extractive values, and loss on
Frontiers in Marine Science 04
drying. When analyzing crude pharmaceuticals, it’s crucial to

consider their extractive values, especially if it’s challenging to

identify the constituents in the drug using standard techniques.

These values also represent the substance’s worth in a crude

medication (Pharmacopoeia, 1996). The ash content was

determined using the gravimetric method, which involved

burning the sample in a furnace at 600°C until it turned ash.

The ash content was calculated as a percentage of ash weight to

dry sample weight. Ash values determine the grade and purity of

crude drugs. It denotes the presence of carbonate, oxalate, and

silicate contaminants. The amount of inorganic components in

pharmaceuticals is estimated using water-soluble ash. Silica

makes up the majority of acid-insoluble ash, which is a sign of

contamination with earthy material. Medication moisture

content should be kept to a minimum to avoid the growth of

bacteria, yeast, or fungi while being stored. By estimating it, the

amount of the extraction value is determined. utilizing a specific

solvent, active substances were extracted from a specified volume

of plant material (Garg et al., 2011; Chanda, 2014).
GC-MS analysis of Sargassum
aqueous extract

GC-MS test was carried out by GC-17A Agilent 5890 series

II Plus, capillary column type HP 5-MS, GC-MS type detector

Agilent Technologies 5975C inert MSD with Triple-Axis. The

sample flowed with helium gas with a flow rate of 0.7 mL/min,

where the injector temperature was 295o C, and the oven

temperature was set to 70o C for 2 minutes and increased by

10o C per minute to 295o C (Firdaus et al., 2019).
FIGURE 1

Plate no 1 Kunkeshwar location climate collection site.
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Antioxidant activity

DPPH free radical scavenging activity
The radical scavenging activity of the synthesized compounds

against stable free radical 2.2- diphenyl-2- picrylhydrazyl hydrate

(DPPH, Sigma-Aldrich Chemie, Steinheim, Germany) was

determined to be a spectrophotometric ally. It is reduced when

DPPH reacts with antioxidant compounds, which can donate

hydrogen. Following the reduction, its deep violet color in

methanol bleached to yellow, showing a significant absorption

decrease at 517 nm. Then 3ml of various concentrations (2,4,8,16

and 32 mg/ml) of the compounds(3a-3j) dissolved in ethanol were

added to 1ml of ethanol solution of DPPH (40mg/ml). After a

30 min incubation period at room temperature, the absorbance

was read against a blank at 517 nm (Shimadzu UV-Vis

spectrophotometer). Ascorbic acid was used as the reference

compound (MacDonald‐Wicks et al., 2006; Moon and

Shibamoto, 2009).

Biological activity
Antimicrobial activity was determined using the commonly used

Agar diffusion method, which is used to identify the least dose of

antibiotic required to limit microbe growth. We need 18 hours

(Aneja, 2007). Standard Chloramphenicol, Mueller–Hinton agar

plates, Cork borer, Sterile std bioassay filter paper disc., Sterile

cotton swabs, Alcohol, Ruler, Laminar flow chamber, Test samples

for which the activity must be measured sterilized cotton swabs and

immerse them into a Test organism suspension culture. Using the

swab, inoculate the whole agar surface of each plate, first horizontally,

then vertically (Aneja, 2007). to ensure uniform dispersion of the

organism across the agar surface. Allow 5minutes for the agar surface

to dry. Autoclave a cork borer or disinfect it by cleaning it with

alcohol and then sterile water. Obtain Mueller–Hinton agar plates

and use a cork borer to aseptically punch (4-mm) holes in the agar.

Label the wells on the underside of the Petri dish using a wax pencil.

Fill the well with a test solution using a micropipette. Carry out the

procedure for all of the wells. In an incubator, incubate all plates at

370°F for 24-48 hours. Look over all of the plates for a distinct zone of

inhibition around the discs. Using a ruler on the underside of the

plate, measure the diameter of the zone of inhibition in mm

(Aneja, 2007).
Frontiers in Marine Science 05
Result

Physiochemical analysis

Physiochemical analysis was done using standard water-

soluble extractive, alcohol soluble extractive value, moisture

content, total ash value, and acid-soluble value. Our results

revealed that the water-soluble extractive value is 15%, alcohol

soluble extractive value is 1.5%, the moisture content is 1.33%

total ash value is 41%, while acid insoluble is 0.026% has been

given in Table 1 Physicochemical analysis of Sargassum sp. The

different ash content of each variety of seaweed reveals the

amount of mineral salts that adhere to their surface.
GC-MS

GCMS Characterization our results revealed that the

aqueous extract Sargasuum sp. chromatogram Figure 3:GC-

MS Chromatogram of Sargassum sp. Their indication of

alkane, alkyne, hydrocarbon, alcohol, aldehyde, ketone and

protein compound has been detected in that chromatogram.

GC-MS analysis of an aqueous extract of Sargassum sp. there are

a total of 25 compounds detected all these compounds can be

observed in chromatogram structure of all compound are

mentioned in Figure 3. Structure of Chemical Compound

detected in GC-MS of Sargassum sp of Aqueous Extract and

Table 2 Chemical compounds identity of Sargassum sp extract

we can retention time and relative area Out of that highest

retention time and relative areas is n-hexadanoic -acid after that

1-Hexyl-2-nitrocyclohexaneafter that Octadecanoic acid has

been detected beside remaining compound can be detected our

result similar to one of the report.
Antioxidant activity

The antioxidant activity of the Sargassum sp. aqueous

extract/solvent fractions was determined using DPPH as a

reference reagent. The DPPH free radical scavenging activity

assay is a preliminary test used to determine whether an algal
TABLE 1 Physicochemical analysis of Sargassum sp..

Sr.No Physicochemical Parameter* Result %

1 Water Soluble Extractive value 15 ± 0.28

2 Alcohol soluble Extractive value 1.5 ± 0.030

3 Moisture content 1.33 ± 0.038

4 Ash value (total) 41 ± 0.67

5 Acid insoluble 0.026 ± 0.00
fro
*Values are expressed mean ± standard error of the mean of three observation.
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extract can produce hydrogen or scavenge free radicals. Because

of its ability to identify and screen bioactive metabolites even in

small concentrations and high throughput screening, the assay

has been widely employed. The result depends on concentration
Frontiers in Marine Science 06
manner. As concentration increases, scavenging activity also

increases increase Our results revealed that the highest

scavenging activity is shown by 32g/mL is 7.67 ± 0.05 while

the lowest at 2g/mL is -1545.4 ± 0.05. Our results are also
FIGURE 2

Plate no 2 plant material collected from sampling site.
TABLE 2A Chemical compounds identity of Sargassum sp. extract.

Sr No Peak name Retention time Relative area

1 DL-2.3-Butanediol 1.493 1.76

2 Diazene, dimethyl 1.567 0.32

3 Propanoic acid, 2-(aminooxy) I.895 0.47

4 1,2-Pentadiene, 4-methoxy-4-methyl 3.27 1.09

5 DL-2,3-Butanediol 3.368 0.4

6 Cycdopentanol, 2-methy, trans- 3.421 1.49

7 Propanoic acid, 2-(aminooxy) 5.014 0.36

8 2,2-Dimethy-propyl 2.2-dimethy-propanesulifinyl sulfone 6.03 0.3

9 2,4-Azetidinedione, 3,3-diethyh-1-methyl 7.191 0.6

10 5,10-Pentadecadien-1-ol. (Z.Z} 7.734 0.27

11 2-Butenoic acid, 2-methoxy", methyl ester, (Z) 7.949 1.34

12 4-Heptenal, 8.153 0.23

13 2-Heptanone, 6-methyl-5-methylene 8.505 0.32

14 1-Hexyl-2-nitrocyclohexane 8.767 1.22

15 1.,2-Pentadiene, 4-methoxy-4-methyl 9.277 1.41

16 1-Hexyl-2-nitrocyclohexane 9.662 1.09

17 Oxireno(4 .5) cyclopentaj1.2-clpyran-2(1aH)-one,hexahydro-5a,6 9.776 0.51

18 Methyl 7-(2furyl) heplanoate 9.907 1

19 2-Butenoic acid, 2-methoxy, methyl ester, (Z) 10.038 0.76

20 3-Hexanol, 2,2-dimethyl 10.434 1.27

21 2-Bulenoic acid, 2-methoxy-, methyl ester, (Z 10.943 5.31

22 n-Hexadecanoic acid 11.644 35.78

23 2-Butlenoic acid, 2-mothoxy, methyl ester, (Z) 12.362 1.46

24 1-Hexyl-2-nitrocyclohexane 13.147 30.9

25 Octadecanoic acid 13.358 10.33
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TABLE 2B Chemical compounds structure of Sargassum sp. extract by GCMS profiling.

Sr No Chemical compound Structure of compound

1 DL-2.3-Butanediol

2 Diazene, dimethyl

3 Propanoic acid, 2-(aminooxy)

4 1,2-Pentadiene, 4-methoxy-4-methyl

5 DL-2,3-Butanediol

6 Cycdopentanol, 2-methy, trans-

7 Propanoic acid, 2-(aminooxy)

8 2,2-Dimethy-propyl 2.2-dimethy-propanesulifinyl sulfone

9 2,4-Azetidinedione, 3,3-diethyh-1-methyl

10 5,10-Pentadecadien-1-ol. (Z.Z}

11 2-Butenoic acid, 2-methoxy", methyl ester, (Z)

12 4-Heptenal,

13 2-Heptanone, 6-methyl-5-methylene

14 1-Hexyl-2-nitrocyclohexane

15 1.,2-Pentadiene, 4-methoxy-4-methyl

16 1-Hexyl-2-nitrocyclohexane

17 Oxireno(4 .5) cyclopentaj1.2-clpyran-2(1aH)-one,hexahydro-5a,6

18 Methyl 7-(2furyl) heplanoate

19 2-Butenoic acid, 2-methoxy, methyl ester, (Z)

20 3-Hexanol, 2,2-dimethyl

21 2-Bulenoic acid, 2-methoxy-, methyl ester, (Z

(Continued)
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dependent on concentration as increases scavenging activity

also increases. We can observe we have used reference

ascorbic acid (vitamin c). Figures 4A, B graph of absorbance

against concentration and scavenging activity against

concentration (Table 3).
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Antimicrobial activity

Antifungal activity
Antifungal activity results revealed that Sargassum sp.

extract was tested at two fungal organism strains: Candida
TABLE 4 Antifungal activity of Sargassum extract (Concentration of the sample - 1mg/ml).

Sr No Name of Microorganism Zone of Inhibition (mm) Fungicide (Fluconazole)

1 Candida albicans (NCIM 3100) 12.8 28

2 Aspergillus niger (ATCC504) 14.4 30
TABLE 2B Continued

Sr No Chemical compound Structure of compound

22 n-Hexadecanoic acid

23 2-Butlenoic acid, 2-mothoxy, methyl ester, (Z)

24 1-Hexyl-2-nitrocyclohexane

25 Ocladecanoic acid
TABLE 3 DPPH scavenging activity of aqueous extract of Sargassum sp.

Concentration 2mg/mL 8mg/mL 8mg/mL 16mg/mL 32mg/mL

DPPH Inhibition (%) -1545.4 ± 0.05 -913.33 ± 0.4 -223.8 ± 0.15 -209.4 ± 0.28 7.67 ± 0.05
fro
Values are expressed mean ± standard error of mean of three observations where n=3.
FIGURE 3

Gas chromatogram of Sargassum sp aqueous extract.
ntiersin.org

https://doi.org/10.3389/fmars.2022.1011218
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Abdi et al. 10.3389/fmars.2022.1011218
A

B

FIGURE 4

(A) Graph absorbance against concentration sargassum extract. (B) Inhibition % of with different concentration analyzed using DPPH radical
scavenging method.
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albicans (NCIM 3100) and Aspergillus niger (ATCC504) with a

standard fungicide like Fluconazole. The result of the antifungal

activity is Sargassum sp. shows the highest inhibition in

Aspergillus niger as compared Candida albicans. We can

observe in Table 4, and Figures 5, 6 that some reports similar

to our investigation also reported Ulva lactuca (36 mm) had the

highest antifungal activity against Aspergillus niger in methanol

extract, followed by Sargassum tenerrimum (35 mm) at 200 µL.

This Fluconazole, ketoconazole, and amphotericin B, three

standard fungicides, had inhibition zones of 10, 17, and

18 mm against Aspergillus niger respectively.

Antibacterial activity
The result of antibacterial activity of aqueous extract of

Sargassum sp. is at the concentration at 1mg/ml against

different bacterial strains Staphylococcus aureus (NCIM2178),
Frontiers in Marine Science 10
Bacillus subtilis (NCIM2063), Proteus mirabilis (NCIM2388),

Escherichia coli (NCIM2065) they show inhibition zone Table 5:

Antibacterial activity of Sargassum extract. The result of

antibacterial activity is mentioned in Figure 6. Antibacterial

plates of Sargassum extract. During this activity, we used as

the control antibiotics Sterptomycin which can be observed

in Table 5.
Discussion

Physiochemical analysis

The amount of mineral salt in seaweed is determined by the

type, age, and state of hydrology. Where the habitat of seagrass

is hydro-chemical. Sargassum crassifolium, Sargassum
FIGURE 6

Inhibition zone antibacterial activity of Sargassum extract.
FIGURE 5

Inhibition zone antifungal activity of Sargassum aqueous extract.
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polycystum, and Sargassum echinocarpum grew on the Gunung

Kidul coral shore in Yogyakarta, Indonesia. Ash content was

reported as the ranges from 18.20 to 8.59% (Mushollaeni,

2011). The physicochemical properties of Sargassum wightii

crude powder It had a moisture content of 12%. The total ash

content was 34.83%, with 12.5%water soluble ash and 7.5%

acid-insoluble ash. Alcohol solvent has the highest soluble

extractive value (3.44%). The extractive value in water was

3.01%. Analytical data of Sargassum vulgare alginates have

reported that in two different extracts, SVLV (S. vulgare low

viscosity) and SVHV (Sargassum vulgare low viscosity),

respectively 16 and 14% (Torres et al., 2007). The moisture

content of sodium alginate powder derived from Sargassum sp.

was reported to be 12.69 to1.24 percent (Kusumawati et al.,

2018). Sargassum cristaefolium and Sargassum crassifolium had

a water content of 89.34 percent and 88.56 percent,

respectively. Species, harvest age, can influence water content

differences in Sargassum, and environmental circumstances

Sargassum crassifolium has a high ash content (41.52) and in

Sargassum cristaefolium (41.28) (Dewinta et al., 2020). The

three main kinds of photosynthetic pigments—phycobilins,

carotenoids (including beta-carotene and xanthophylls), and

chlorophylls (a, b, and c)—are significant to the existence of

plant species (phycoerythrin and phycocyanin) (Nazarudin

et al., 2020).
GCMS profile of Sargassum
aqueous extract:

The existence of many volatile components such as normal

hydrocarbon, alcohols, fatty acids, aliphatic compounds, benzene

derivatives, aldehyde, and terpenoid was discovered using GC/

MS analysis of the n-hexane soluble fraction of S. ilicifolium A

total of fifty-one compounds were isolated and identified, with

forty-six of them being discovered for the first time. According to

the data, our extract has the highest quantity of hexadecanoic

acid, followed by octadecanoic acid. However, hexadecanoic acid

is a previously identified chemical from this source, but

octadecenoic acid is a novel compound from Sargassum

ilicifolium. Our findings revealed the presence of steroids in

Sargassum ilicifolium, including spiro (1, 3-dioxolane)-2, 3′-(5′-
Frontiers in Marine Science 11
androsten-16′-ol) and estra-1, 3, 5(10)-trien-17-ol. has been

reported in previous study GC-MS analysis of n-hexane extract

revealed that the largest quantity of hexadecanoic acid was

detected, followed by cis-13- octadecenoic acid, hexanoic acid

2-ethyl-oxybis (2,1-ethanediyloxy-2,1-ethanediyl) ester, and 6-

octadecenoic acid. Fatty acids related substances found in

Sargassum fulvellum and S. thunbergii have anti-inflammatory

properties because they are competitive inhibitors of

cyclooxygenase and/or lipoxygenase, lowering prostaglandin

and leukotriene synthesis (Hira et al., 2021). Another report

similar to our result: The GC-MS analysis of Sargassum sp.

hexane extract revealed sixteen chemical components. Out of

those, the one with the fastest retention time in minutes was

Pentriacontane, n-eicosane (25.68), Docosane, 11 decyl (24.95),

Eicosane, n-eicosane (25.68), Eicosane, n-eicosane (25.68),

Eicosane, n-eicosane (22.86) These antibacterial chemicals were

made up of alkane, alkene, alkanol, and carboxylic acids.

Antibacterial chemicals are thought to synergistically reduce

bacterial growth (Firdaus et al., 2019). The GC-MS analysis of

these seaweed samples’methanolic extracts revealed the presence

of 24 metabolites in S. ilicifolium and the identification of 27

metabolites inU. intestinalis and 22 compounds inH. macroloba.

The major compounds identified were n-hexadecanoic acid

(16.16%), 3,7,11,15-tetramethyl-2-hexadecen-1-ol (12.76%),

stigmast-5-en-3-ol, (3b,24S)-(6.73%), 1,2-benzenedicarboxylic
acid, mono(2-ethylhexyl) ester (5.48%), benzenepropanoic acid,

3,5-bis(1,1-dimethylethyl)-4-hydroxy-, methyl ester (4.97%), and

phenol, 2,4-bis(1,1-dimethylethyl) - (4.23%). The metabolites in

S. ilicifolium were identified as 1,2-benzenedicarboxylic acid,

mono(2-ethylhexyl) ester (7.69%), benzenepropanoic acid, 3,5-

bis(1,1-dimethylethyl)-4-hydroxy-, methyl ester (7.03%), phenol,

3,5-bis(1,1-dimethylethyl)- (6.54%), and 3,7,11,15-tetramethyl-2-

hexadecen-1-ol (6.24%), hexadecanoic acid, and methyl ester

(5.28%) (Nazarudin et al., 2020). 0ne of reports available

Several species of Sargassum have been reported from the

Yucatan peninsula coast. On the three most prevalent species,

GC-MS tests were conducted to hunt for chemicals unique to

each species. Depending on the solvent used, our study revealed

various chemical components. Hexanoic acid, 2-ethyl, and

epistephamiersine were discovered in S. hystrix, while benzyl

benzoate and epistephamiersine were detected in S. buxifolium in

the dichloromethane fraction. The hexane fraction of the latter
TABLE 5 Antibacterial activity of Sargassum extract (Concentration of the sample - 1mg/ml).

Sr No Name of Microorganism Zone of Inhibition (mm)

1 Staphylococcus aureus (NCIM2178) 12

2 Bacillus subtilis (NCIM2063) 10

3 P. mirabilis (NCIM2388) 12.8

4 E.coli (NCIM2065) 13
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species contained cholesta-4,6-dien-3-ol, (á)-, while S. fluitans

contained 2,2-ethyldenebis(4,6- di-tert-butylphenol) and 2-

pentadecanone, 6,10,14-trimethyl (Rosado-Espinosa et al., 2020).
Antioxidant activity

Antioxidant activity in marine algae is linked to the presence

of bioactive substances such as vitamins and vitamin precursors,

pigments, phenolics, phospholipids, peptides, terpenoids, and

other antioxidative substances capable of scavenging free

radicals generated during the scavenging of oxygen-containing

compounds, metal-chelating ability, or peroxidation (Cox et al.,

2010). It has been reported that because of its hypopigmented,

anti-wrinkle, moisturizing, and antibacterial properties, free

radical inhibition with natural antioxidants has become a

popular therapeutic treatment for skin ageing. According to

certain studies, the algal extract has potent free radical

scavenging activities and can be used as a natural antioxidant in

cosmetics (Arguelles et al., 2019). It has been reported that due to

its hydrogen-donating characteristics, S. vulgare extract acts as an

antioxidant. Furthermore, the antioxidative activity of the seaweed

extract increases with concentration, with an EC50 value of 37.2 ±

0.015 mg Gallic acid equivalent (Arguelles, 2021). Sargassum is the

most diversified genus among Iranian macroalgae, and studies

have shown that its extract has antioxidant qualities. The Persian

Gulf’s coastline waters include Sargassum boveanum, a natural

and affordable source of the antioxidant chemical. Sargassum

species contain significant levels of phenolic compounds such

meroterpenoids, phlorotannins, and fucoxanthins, and numerous

studies have noted the chemicals’ antioxidant benefits (Savaghebi

et al., 2020). Seaweeds are currently acknowledged as prospective

sources of several bioactive metabolites, which are attractive for

prospection efforts in the search for new functional components

and pharmacophores/drugs. In keeping with customer

preferences for natural ingredients, seaweed antioxidants are a

sustainable alternative to synthetic antioxidants and can be used as

functional components in foods or cosmetics. In vitro research has

typically focused on examining seaweed’s lipophilic components,

such as carotenoids, certain polyphenols, and flavonoids with

antioxidant activity. Antioxidant activity bioprospecting for

Sargassum muticum species. The plant Sargassum muticum had

the highest concentration of n-3 FA. Both seaweed extracts

showed antioxidant activity at low doses, although S. modicum’s

results were more encouraging. These results highlight the

usefulness of both seaweeds as potential sources of bioactive and

valuable chemicals, enhancing their nutritional and industrial

potential. The bioactivity and unusual lipid composition of

Sargassum muticum suggest that there may be a practical way

to make use of this invasive seaweed, mainly when Sargassum

blooms are prevalent (Santos et al., 2020). It was also observed that

the scavenging capacity increased with fucoidan concentration

(Seaweed, 2013). DPPH scavenging activity at different
Frontiers in Marine Science 12
concentrations our result is similar to the yield from hot water

extracts of S. ilicifolium (2.89-3.49%) and S. turbinaroides (6.00-

7.36%) extracted at different temperatures (Artemisia et al., 2019).
Antimicrobial activity

The methanol extract was found to be the most potent

fraction against both of the tested A. niger fungus in this

study. However, all of the extracts examined had more

substantial antifungal effects at higher concentrations than the

conventional antifungals fluconazole, ketoconazole, and

amphotericin (Barot et al., 2016). Another report on the

Antifungal activity of 96% ethanol extracts of Sargassum

crassifolium and Sargassum polycystum against Candida

albicans growth revealed a wide range of inhibitory diameters.

The inhibitory areas of Sargassum crassifolium and Sargassum

polycystum extracts are 20.3 mm and 20 mm in diameter,

respectively KOMALA and TRIASTINURMIATININGSIH

(Yulianti, 2018). Streptomycin is an aminoglycoside antibiotic

that was discovered in Streptomyces griseus bacterium. It is the

first aminoglycoside antibiotic to be identified. Its primary

application is in the treatment of aerobic gram-negative

bacterial infections. Streptomycin has a wide range of

antibacterial properties. Antibiotics are an excellent example of

a commercially available antibacterial agent that helps the

immune system fight and stop bacterial infections.

Along with this, we can confirm that strained P. mirabilis

(NCIM2388) has the highest inhibition zone out of all these.

Another investigation found that the antibacterial activity of S.

ilicifolium extract against three strains of Staphylococcus

identified in this study is stronger than that of other brown

seaweed species (Arguelles, 2021). There is one report of

inhibition zone of Sargassum sp hexane extract against S. aureus

and E. coli occurs at a concentration of respectively 500, 1000,

1500 ppm, they show inhibition zone which is very less as

compared with our result S.aureus (2.2, 4.2, and 6.2 mm) while

for E.coli (1.6, 4.2and 4.2 mm) (Firdaus et al., 2019). The

antibacterial characteristics of this seaweed demonstrate the

presence of bioactive compounds in the extract with promising

biological activity. It can also be utilized as a secondary source of

energy—cosmetics with natural active component formulation

(Arguelles, 2021).

Sargassum fluitans was used to extract alginate. Gliricidia

sepium was used in the green synthesis to produce AgNPs. The

AgNPs were examined using the UV-Vis and dynamic light

scattering (DLS). Several fungal strains were used to examine the

antifungal activity of AgNPs. Alginate concentrations of 2, 3, and

3%, as well as 0, 1, and 2 mg of AgNPs per mL of formulation, were

used to create the films, along with glycerol as a plasticizer. Alginate

and AgNPs concentrations were tested using a randomised

experimental approach (Martinez-Molina et al., 2022).
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Conclusion

In ancient times, brown seaweed served the purpose of food

and helped treat various diseases. Overall analysis shows that

brown algae are the most significant potential for human health

nutrition, while pharmacological analysis is helpful for therapeutic

application. In this, we generally discussed Sargassum sp., the

nutritional profile, and physicochemical Parameters that can

easily conclude Sargassum sp. is widely applicable in the part of

diet or food as well as the part that fulfills human nutrition. While

the Pharmacological potentials are represented by the Antioxidant

and antimicrobial, it concludes that they can be applied to treating

disease and enhance immunity.
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