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ABSTRACT

Seaweeds as a sustainable resource possess numerous secondary metabolites and are of great importance
to researchers in the field of pharmacology as most pharmaceutical industries depend on algae for their
raw materials. Turbinaria ornata belongs to the family Sargassaceae and is a brown alga. In recent years, Gas
chromatography-Mass spectrometry (GC-MS) has emerged as a decisive analytical tool in natural products
research which enables the precise identification of different type of bioactive therapeutic compounds in
natural extracts. Advanced GC-MS sensitivity associated with augmented spectral libraries and chemometric
approaches have further expanded its application in new drug discovery and phytochemical profiling. The
present study was carried out to identify the possible bioactive components present in the ethanolic extract
of Turbinaria ornate using GC-MS. The GC-MS analysis revealed the existence  of thirty bioactive compounds
which include Tetra decanoic acid, n-Hexadecanoid acid, Nonadecanoic acid, Octadecanoic acid, Cis-10-
Nanodecenoic acid, L-(+)-Ascorbic acid, 2,6-Dihecadecanoic acid, Oleic acid, 3-Hydroxypropyl ester, 9,12-
Octadecadienoic acid and 9,12-Octadecadienoyl chloride. The phytochemical and GC-MS profiling of
Ethanolic extract of Turbinaria ornate divulged the presence of bioactive compounds with important medicinal
properties. The identified compounds were likely to profuse numerous biological activities such as
antioxidant, hypocholesterolemic, anti-inflammatory, antidiabetic, hepatoprotective, antieczemic, antiacne,
antiarthritic, anticoronary and anticancer. Hence, the existence of these phytochemicals could be
superintended for the therapeutic effects of algae.
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Introduction

Seaweeds have been used for thousands of years as
a source of highly bioactive secondary metabolites
that may be important therapeutic ingredients. Fur-
thermore, with a focus on their composition and use
for human and animal nutrition, research into the
biological activity of certain seaweed components

has advanced considerably. Besides being utilized
as fodder, seaweeds have been used to make fertil-
izers, industrial agar, cosmetics, pharmaceuticals,
and alginate biosynthesis. In addition to a number of
other bioactive substances, the presence of minerals,
vitamins, phenols, polysaccharides, and sterols is
primarily responsible for the health benefits of sea-
weed. These substances appear to possess anti-in-
flammatory, anti-cancer, anti-diabetic, anti-micro-
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bial, and antioxidant properties (El-Beltagi et
al.,2022). According to Sobuj et al. (2024), seaweeds
are a diverse and plentiful source of many bioactive
secondary metabolites, which makes them ideal for
the development and enhancement of pharmaceuti-
cal medications. As such, they have high potential
for this purpose (Sobuj et al., 2024). They have been
demonstrated to offer a variety of therapeutic ben-
efits and are an excellent source of numerous
bioactive metabolites. A number of Asian societies
have a long history of employing various seaweed
types extensively in both cooking and the produc-
tion of herbal remedies (Narayanamurthy et al.,
2022).

Marine algal phytochemicals are widely utilized
as gelling, stabilizing, and thickening agents in a
variety of industries, including food, confectionery,
textile, pharmaceutical, dairy, and paper. Through-
out the world, seaweeds, also known as marine
macro algae, are renewable biological resources that
are also utilized as fertilizer, food, and feed (El-Din
et al., 2016).  In India, China, the Near East, and Eu-
rope, marine floras, including microflora,
microalgae, macroalgae, and flowering plants, have
long been utilized for medicinal purposes (Boopathy
and Kathiresan, 2010). Marine algae, often known as
seaweeds, have drawn more interest recently, and
studies are looking for phytochemicals from them
because of their strong anti-inflammatory, anti-bac-
terial, antiviral, antifungal, antioxidant, and antican-
cer qualities. Seaweeds are a significant source of
natural antioxidants since marine macroalgae has
been found to have phytochemicals with potent an-
tioxidant properties (Ponnan et al., 2017). The initial
screening of bioactive constituents by chromato-
graphic methods provides basic information on
chemical and pharmacological activities, which
helps to select the biologically active natural prod-
ucts (Juszczak et al., 2019). In recent years, Gas chro-
matography-mass spectrometry (GC-MS) has com-
monly been employed for identification of various
bioactive therapeutic compounds that are present in
natural extracts (Fan et al., 2018). GC-MS is one of
the best, fast and accurate techniques to detect vari-
ous compounds, including alcohols, alkaloids, nitro
compounds, long chain hydrocarbons, organic ac-
ids, steroids, esters and amino acids (Razack et al.,
2015), and requires a small volume of extract.
Hence, in the present study, GC-MS technique was
adopted for identification of phytochemical com-
pounds present inmarine brown algae Turbinaria

ornate.

Materials and Methods

Algae materials

Marine brown algae Turbinaria ornata were collected
from R.K. Algae Project Center, Regd. No. UDYAM-
TN-19-0013412, #12/172, Meenavar Colony,
Mandapam, Ramanathapuram (Dt), Thamilnadu-
623518.

Preparation of algae extract

The marine brown algae Turbinaria ornata was first
washed several times with distilled water, and
traces of impurities were removed from it. Then the
old, infected, and fungus-damaged portion was re-
moved. The healthy portion of marine brown algae
Turbinaria ornata was spread out on a plain paper
and dried in the shade at room temperature for
about 10 days. The collected marine brown algae
Turbinaria ornata was cut into small pieces and made
into a fine powder using a grinder. Then the powder
was extracted with ethanol. After 24 hours, the su-
pernatant was transferred into a china dish placed in
a water bath at 450 °C. The extract was then concen-
trated until the solvent was completely removed. A
semisolid extract was obtained after complete elimi-
nation of solvent. The obtained residue was used for
GC-MS analysis.

GC-MS Analysis

GC MS analysis was carried out on Shimadzu 2010
plus comprising a AOC-20i auto sampler and gas
chromatograph interfaced to a mass spectrometer
instrument employing the following conditions: col-
umn RTX 5Ms (Column diameter is 0.32mm, col-
umn length is 30m, column thickness 0.50µm), oper-
ating in electron impact mode at 70eV; Helium gas
(99.999%) was used as carrier gas at a constant flow
of 1.73 ml /min and an injection volume of 0.5 µl
was employed (split ratio of 10:1) injector tempera-
ture (270 ºC); ion-source temperature (200 ºC). The
oven temperature was programmed from 40 ºC (iso-
thermal for 2 min), with an increase of 8 ºC/min, to
150 ºC, then 8 ºC/min to 250 ºC, ending with a
20min isothermal at 280ºC. Mass spectra were taken
at 70eV; a scan interval of 0.5 seconds and fragments
from 40 to 450 Da. Total GC running time was
51.25min. The relative percentage amount of each
component was calculated by comparing its average
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peak area to the total areas. Software adopted to
handle mass spectra and chromatograms was a
Turbo Mass Ver 5.2.0 (Srinivasan et al., 2013).

Identification of components

Interpretation on GCMS was conducted using the
database of National Institute Standard and Tech-
nology (NIST05) and WILEY 7 having more than
62,000 patterns. The spectrum of the unknown com-
ponent was compared with the spectrum of the
known components stored in the NIST and WILEY
library. The name, molecular weight and structure
of the components of the test materials were ascer-
tained (Dukes, 2013).

Results and Discussion

In the present study, 30 chemical constituents have
been identified from the Turbinaria ornata extract by
gas chromatogram-mass spectrophotometry (GC-
MS) analysis. The spectrum of the unknown compo-
nent was compared with the spectrum of the known
components stored in the NIST library. The active
principles with their retention time (RT), name of
the compound, molecular formula, molecular
weight (MW), and concentration are presented in
Figure 1 and Table 1. The biological activity of the
Turbinaria ornata extract is represented in Table 2.
The prevailing compounds were tetradecanoic acid,
n-hexadecanoic acid, Nonadecanoic acid, Octade-
canoic acid, Cis-10-Nonadecenoic acid, L-(+)-Ascor-

bic acid 2,6-dihexadecanoate, Oleic acid, 3-
hydroxypropyl ester,  9,12-octadecadienoic acid and
9,12-octadecadienoyl chloride. Similar compounds
also reported by earlier studies in acetone and petro-
leum ether extract of Turbinaria ornata extract using
GC MS analysis (Deepa et al., 2019 and Sowmiya
and Kannan, (2023). These compounds were re-
ported to be associated with in biological activities
such as antioxidant, cancer preventive, nematicide,
hypocholesterolemic, and lubricant. Anti-inflamma-
tory, hepatoprotective, insect Fuge, antihistaminic,
antieczemic, antiacne, antiarthritic, ant coronary,
and anticancer (Sathish et al., 2012; Sermakkani and
Thangapandian, 2012; Sermakkani and
Thangapandian, 2012 and Prabakaran et al., 2014).

Seaweeds are employed as remedies in many cul-
tures and are a source of many powerful medica-
tions because they contain bioactive components
that are useful to the pharmaceutical industry. The
term “secondary metabolites” refers to the many
phytochemicals found in algae. By their solo, com-
bined, or synergistic effects on health,
phytochemicals can help treat a number of illnesses.
For the pharmaceutical business to generate novel
medications and prepare therapeutic agents,
phytochemicals are essential (Gopalakrishnan and
Udayakumar, 2014; Patel, 2015; Mahomoodally,
2013 and Nisha et al., 2011). The characterization of
the bioactive phytochemical and GC-MS profiling of
plant extract revealed the presence of bioactive com-
pounds with important medicinal properties (Olivia

Fig. 1. GC-MS chromotogram of Turbinaria ornata
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et al., 2021 and Velmurugan and Anand, 2017).
Tetradecanoic acid possesses antioxidant, cancer

preventive, nematicide, hypocholesterolemic and
lubricant properties (Sathish et al., 2012). n-Hexade-
canoic acid was reported  as antioxidant,
hypocholesterolemic, nematicide, pesticide, lubri-
cant, antiandrogenic, flavor, hemolytic and 5-alpha
reductase inhibitor (Sermakkani and
Thangapandian, 2012).  9,12-Octadecadienoyl chlo-
ride act as hypo-cholesterolemic, nematicide, antiar-
thritic, hepatoprotective, antiandrogenic, nemati-
cide, antihistaminic,  anticoronary, insectifuge,
antieczemic, anticancer (Prabakaran et al., 2014).
9,12-Octadecadienoic acid has  antiinflammatory,
hypocholesterolemic cancer preventive,
hepatoprotective, nematicide, insectifuge,

antihistaminic antieczemic, antiacne,
antiandrogenic, antiarthritic, anticoronary and in-
sectifuge properties (Sermakkani and
Thangapandian, 2012 and Juárez-Rodríguez et al.,
2021).

The in vitro tests of DPPH, ABTS, reducing
power, nitric oxide, and superoxide were used to
assess the antioxidant properties of n-hexadecanoic
acid. Moderate antibacterial activity against S.
aureus, B. subtilis, E. coli, and K. pneumoniae was dem-
onstrated by n-hexadecanoic acid. Therefore, I.
eriocarpa’s n-hexadecanoic acid’s strong biological
activity suggests that it could be employed as a
natural antibacterial and antioxidant agent
(Ganesan et al., 2024). 9, 12-Octadecadienoic acid
compound plays an important role in prostaglandin

Table 1. GC -MS analysis of Turbinaria ornata

Peak R. Area % Height Molecular Molecular Compounds
# Time % Weight Formula

(g/mol)

1 5.990 6.19 9.00 150 C10H14O Phenol, 5-methyl-2-(1-methylethyl)
2 10.717 1.15 0.46 180 C12H20O 2-Octylfuran
3 10.947 1.04 0.65 188 C9H16O4 Azelaic Acid
4 11.623 0.32 0.27 228 C14H28O2 Tetradecanoic acid
5 12.832 0.69 0.58 376 C23H36O4 Phthalic acid, butyl undecyl ester
6 13.775 21.15 21.19 298 C19H38O2 Nonadecanoic acid
7 14.708 0.29 0.48 284 C17H32O3 Methyl 10-oxohexadecanoate
8 14.774 0.24 0.53 256 C16H32O2 n-Hexadecanoic acid
9 14.969 1.13 1.20 238 C17H34 1-Heptadecene
10 15.131 0.32 0.46 296 C19H36O2 10-Octadecenoic acid, methyl ester
11 15.636 26.48 24.34 282 C18H34O2 9-Octadecenoic acid
12 15.832 17.13 18.88 284 C18H36O2 Octadecanoic acid
13 16.100 7.09 3.27 280 C18H32O2 9,12-Octadecadienoic acid
14 16.569 2.84 2.83 266 C17H30O2 9,12-Hexadecadienoic acid, methyl ester
15 16.828 1.59 1.13 274 C16H31ClO Palmitoyl chloride
16 17.025 0.79 0.70 144 C7H12O3 5-(Hydroxymethyl)-3,3-dimethyldihydro-2(3H)-

furanone
17 17.203 0.40 0.55 286 C16H30O4 Ethane-1,2-diyl diheptanoate
18 17.459 0.84 1.77 438 C28H54O3 Myristic anhydride
19 17.908 0.56 0.39 298 C18H34O3 cis-9,10-Epoxyoctadecanoic acid
20 18.118 0.49 0.58 296 C19H36O2 cis-10-Nonadecenoic acid
21 18.299 1.43 1.82 288 C21H36 14-.Beta.-H-Pregna
22 18.436 1.39 1.69 652 C38H68O8 l-(+)-Ascorbic acid 2,6-dihexadecanoate
23 18.647 0.85 0.79 270 C16H30O3 Hexanoic acid, 2-ethyl-, anhydride
24 19.579 0.30 0.47 340 C21H40O3 Oleic acid, 3-hydroxypropyl ester
25 20.530 1.74 1.66 298 C18H31ClO 9,12-Octadecadienoyl chloride
26 20.770 0.32 0.36 358 C21H42O4 Octadecanoic acid, 2,3-dihydroxypropyl ester
27 20.991 0.55 0.84 624 C39H76O5 Octadecanoic acid, 2-hydroxy-1,3-propanediyl ester
28 21.415 1.07 1.14 330 C19H38O4 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl) ethyl

ester
29 22.241 0.71 0.94 150 C10H14O Benzene, 1-methoxy-4-(1-methylethyl)-
30 22.495 0.90 1.02 340 C22H44O2 Docosanoic acid
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biosynthesis of cell membranes with several biologi-
cal functions such as anti-inflammatory,
antihistaminic, anti-arthritic, and hepatoprotective
(Henry et al., 2002 and Mensah-Agyei et al., 2020).
Overall, present extract of Turbinaria ornata is rich in
secondary metabolites involved in various biological
activities.

Conclusion

The present investigation was focused on identifica-
tion of various bioactive compounds from the etha-
nol extract of Turbinaria ornata for the first time by
GC–MS analysis. These compounds are responsible
for the different therapeutic and pharmacological
properties. We have also provided the evidence of
Turbinaria ornata extract for its antioxidant,
hypocholesterolemic, antiinflammatory, antidia-
betic, hepatoprotective, antieczemic, antiacne, anti-
arthritic, anticoronary, and anticancer. Overall,
brown seaweed Turbinaria ornata extract contains
rich source of phytochemicalswhich are possible to
development of novel drugs for therapeutic effects.
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Table 2. Biological activities of major compounds identified in Turbinaria ornatausing GCMS techniques

S. Compounds Biological activity**
No.

1. Tetradecanoic acid Antioxidant, Cancer preventiveNematicide, Hypocholesterolemic,
Lubricant.

2. n-Hexadecanoic acid Antioxidant, Hypocholesterolemic, Nematicide, Pesticide, Lubricant,
Antiandrogenic, Flavor, Hemolytic, 5-Alpha reductase inhibitor.

3. Nonadecanoic acid Cytotoxic and antimicrobial acitivities
4. Octadecanoic acid Lower LDL Cholesterol level, Antioxidant and anti-inflammatory
5. Cis-10-Nonadecenoic acid Antitumor and antimicrobial activities, showing inhibitory effects on

HL-60 cell proliferation and preventing LPS-induced tumor necrosis
factor production.

6. L-(+)-Ascorbic acid 2,6- Antioxidant properties
dihexadecanoate

7. Oleic acid, 3-hydroxypropyl ester Antimicrobial and antioxidant
8. 9,12-Octadecadienoic acid Antiinflammatory, hypocholesterolemiccancer preventive,

hepatoprotective, nematicide, insectifuge, antihistaminicantieczemic,
antiacne, antiandrogenic, antiarthritic, anticoronary, insectifuge.

9. 9,12-Octadecadienoyl chloride Hypocholesterolemic, NematicideAntiarthritic, Hepatoprotective,
Antiandrogenic, Nematicide, Antihistaminic, Anticoronary, Insecti
fuge, Antieczemic, Anticancer.

**Source: Dr. Duke’s phytochemical and ethnobotanical databases [Online database].
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