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A B S T R A C T

Increasing of resistance pathogenic microorganisms to majority of antibiotics, there is an urgent need for ex-
ploring plant based drugs and bioactive compounds with least side effects. The study was aimed to determine the
level of phytochemicals, antioxidant, antibacterial properties of the edible red seaweeds, Gracilaria corticata and
G. edulis. The extraction with methanol yielded 7.10 ± 0.16 and 6.39 ± 0.16% extracts from G. corticata and G.
edulis respectively. The G. corticata possess higher total phenol content (4.00 ± 0.35mg GAE/g) compare to G.
edulis (3.4 ± 0.21mg GAE/g). G. corticata and G. edulis extracts significantly varied in total flavonoid content i.e
3.33 ± 0.12 and 2.6 ± 0.08mg CE/g DW respectively. In this investigation, G. edulis presented the highest 2,
2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity (23.95%) when compare to G. corticata
(20.32%). G. edulis showed significantly higher 2, 2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
radical scavenging activity (40.24%) compare to G. corticata (32.65%). In addition, G. corticata exhibited higher
nitric oxide (NO*) radical scavenging activity (36.78%) than G. edulis 35.25%. Antimicrobial properties of 70%
methanol and DMSO extracts were found effective against Bacillus subtilis. GC-MS analysis revealed the presence
of phytochemical compounds including sulfurous acid, 2-ethylhexyl isohexyl ester, pentatriacontane, eugenol
and phthalic acid played a vital role in antioxidant and antibacterial activities.

1. Introduction

Oxidation is a principal cause of quality deterioration in oils and fats
during processing and storage, resulting in the production of rancid
odours and unpleasant flavours, changes of color and texture as well as
reduction of nutritional values of foods (Jittrepotch et al., 2006). An-
tioxidant activities play an important role as protective factors. They
can inhibit lipid oxidation by inhibiting the propagation of oxidation
chain reaction and scavenging free radicals (Piccolella et al., 2008;
Agregan et al., 2017). Many synthetic antioxidants including, butylated
hydroxytoluene (BHT), tert-butylhydroquinone (TBHQ), and propyl
gallate (PG) have been widely used in food industries. However, be-
cause of the potential health hazards, their use as food additives is
under strict regulation in different countries besides their documented
carcinogenic effects. Since there is an increased interest in the natural
antioxidants of lack in the place of synthetic ones, like BHT, TBHQ and
PG, it is rational to explore these sources for their application in food
and pharmaceutical applications (Chakraborty et al., 2015).

Red seaweeds (Rhodophyta) are macroscopic, multicellular and
benthic marine red algae (Zubia et al., 2009) commonly traded as food
items in East Asia in view of their wide uses as sushi wrappings, sea-
sonings, condiments, noodles, and vegetables, besides their use as food
additive in the functional food and phycocolloid (alginate, agar and
carrageenan) industry in view of their properties such as gelling, water -
retention, emulsifying, and other physical properties. In addition, sea-
weeds are known for their richness in polysaccharides, carotenoids,
dietary fibre, minerals, vitamins and other macro molecules such as
protein, carbohydrates, lipids, essential fatty acids, essential and non
essential amino acids and polyphenol (Matanjun et al., 2008; Ganesan
et al., 2008; Seedevi et al., 2017). Macroalgae contain biochemicals that
have biological activities including antibacterial, antifungal, anti-aging,
anti-malarial, dietary, anti-inflammatory, anticoagulation, anti-pro-
liferation, antibiotic, anticancer, antioxidant and hypolipidemia prop-
erties have been thoroughly explored in different countries (Agregan
et al., 2017; Chan et al., 2015). In this sense, a wide number of sec-
ondary metabolites such as polyphenols, steroids, terpenes,
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halogenated ketones and alkanes, fucoxanthin, polyphloroglucinol or
bromophenols have been isolated from macroalgae (Fleurence et al.,
2012; Peinado et al., 2014). In addition, a group of phenol compounds
found in seaweeds called phlorotannins, which function as polymers of
phloroglucinol, have been reported to act as strong antioxidant prop-
erties and their free radical scavenging ability is more powerful than
that of other polyphenols compared to terrestrial plants (Ahn et al.,
2007).

Food-borne diseases are major concern worldwide. About 250 dif-
ferent food-borne diseases have been described, and bacteria are the
causative agents of two thirds of food borne disease outbreaks (Le et al.,
2003). Synthetic antibiotic compounds that, even at low concentra-
tions, are deleterious for the growth of microorganism (Thomasshow
and Weller, 1995). Moreover, antibiotics have been associated with
negative attributes including high cost, residual side effects, toxicity,
allergic reaction, hypersensitivity and immune suppression (Kumaran
et al., 2003; Schinor et al., 2007). Jaswir et al. (2014) found the me-
thanolic extract of seaweed to have higher antibacterial activity against
Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa and Es-
cherichia coli. They found that among the tested bacterial strains B.
subtilis showed excellent antibacterial activity. In another study,
Miranda et al. (2016) reported that Fucus spiralis exhibited strong an-
timicrobial activity against Bacillus cereus and B. subtilis in ethanolic
extract mainly due to the presence of polyphenol in seaweeds extracts.
Therefore, researchers are exploring additional anti microbial com-
pounds from terrestrial plants and marine macroalgae. The genus
Gracilaria is mainly used for the production of agar-agar in Southeast
Asian countries. The growing consumer demand for supplementing the
functional foods has necessitated further studies on the nutritional
properties of seaweeds for use in nutraceutical industries as well as
pharmaceuticals. Earlier the chemical composition and nutritional
properties of red seaweeds, Gracilaria edulis and Gracilaria changii have
been studied (Sakthivel and Pandima Devi, 2015; Chan and Mantanjun,
2017). Moreover, these seaweeds had shown their potential to serve as
food ingredients in functional and nutraceutical applications in India
and Malaysia. Few reports are available on the nutritional potential and
biochemistry of the seaweeds from Palk Bay, India and there is no re-
port available on phytochemical, antioxidant and antibacterial activity
in red seaweeds (G. corticata and G. edulis). In view of this, the present
study was undertaken to characterize the phytochemical properties (in
vitro antioxidant and antimicrobial activities) of red seaweeds (G. cor-
ticata and G. edulis) of Palk Bay, Southeast coast of India, using FT-IR
and GC-MS.

2. Materials and methods

2.1. Collection, identification and processing

The red seaweeds G. corticata and G. edulis were collected from
Thondi coastal waters (Latitude: 9° 44′ N and Longitude: 79° 00′ E),
Palk Bay, Southeast coast of India. Freshly collected G. corticata and G.
edulis were washed thoroughly in seawater and transported to the la-
boratory within 1 h. Epiphytes, sand and other debris were removed by
washing thoroughly with fresh water. The collected seaweeds were
identified using the standard manual of Umamaheshwara Rao (1987)
and Jha et al. (2009). Then they were shade dried at temperature of
25 ± 2 °C. Shade dried samples were grounded into fine powder using
tissue blender. The powdered samples were then stored in refrigerator
(4 °C) for further analysis and utilised within a month.

2.2. Preparation of extracts

Four gram of seaweeds (G. corticata and G. edulis) each were ex-
tracted with 40ml of 70% methanol solvent in a 100 ml of conical flask.
The conical flasks were sealed with parafilm (Hi-media, India) and
wrapped with aluminum foil to prevent solvent evaporation and light

exposure. Extraction was conducted on a shaker at room temperature
(25 ± 2 °C) and agitation speed of 130 rpm for 16 h. The extracts were
filtrated using Whatman No.1 filter paper (Whatman, England) and
subsequently centrifuged (REMI, CPR 30 Plus, India) at 5000 rpm for
12 min. The residues were discarded and the supernatants obtained
were subjected to evaporation in a water bath at 50 °C for the crude
extract retrieval. The yield of extracts was measured and stored at -
20 °C.

2.2.1. Determination of yield
The yield of soluble mass extracted was determined with respect to

the original mass of seaweeds powdered described by Jaswir et al.
(2014). The percentage yield was calculated using the following
equation:

Yield (%) Mass of dried extract/Mass of seaweed powdered x 100=

2.3. Phytochemical and antioxidant analysis

2.3.1. Total phenol content (TPC)
Total phenol content was estimated using the methanolic extract of

G. corticata and G. edulis as described by Lim et al. (2007) with little
modifications. Briefly, 0.5ml of extract (5 mg/ml in methanol) was
added into a test tube containing 2.25ml of methanol. After that
0.22 ml of Folin-Ciocalteu reagent was added and the mixture was
stirred for 1min and allowed to stand for 8min. Then 2.0 ml of sodium
carbonate (7.5% W/V) was added and the mixtures were incubated for
120min at 25 °C. The absorbance of seaweed extracts and a prepared
blank as methanol was measured at 756 nm using a UV–Vis 2450
spectrophotometer (Shimadzu, Japan). All the experiments were done
in triplicate.

The concentration of total phenolic compounds in the extract was
determined using the following formula:

C V MT /= ∗

where T = Total phenolic content mg/gm of seaweeds extract in Galic
acid equivalent (GAE),

C =Concentration of Gallic acid from the calibration curve in mg/
ml
V =Volume of the extract in ml and
M =Wt of the seaweeds extracts in gm.

2.3.2. Total flavonoid content (TFC)
Total flavonoid content of the G. corticata and G. edulis extracts was

measured with aluminum chloride (AlCl3) colorimetric assay and ex-
pressed as milligram of (+) catechin equivalent per gram dry mass (mg
CE/g dw) (Marinova et al., 2005). An aliquot (1 ml) of seaweeds extract
was added to a 10ml volumetric flask, containing 4ml of distilled water
and added 0.3ml 5% NaNO2. After 5min, 0.3ml 10% AlCl3 was added
and after 6min, 2ml of 1M sodium hydroxide was added and the total
volume was made up to 10ml with deionized water. The solution was
mixed well and the absorbance was measured against a reagent blank at
510 nm with UV–VIS spectrophotometer.

2.3.3. DPPH assay
The antioxidant activity of seaweed extracts (G. corticata and G.

edulis) were measured using the stable radical, DPPH as a standard
reagent. This was determined as described by Lim et al. (2007) with
suitable modifications. Briefly, stock solutions of the extracts were
prepared in methanol. Dilutions were made to obtain concentrations
from 0.1 to 1.0mg/ml. Diluted solutions (2.0 ml) were mixed with
2.0 ml of 0.16mM DPPH in methanol. The mixtures were shaken vig-
orously and maintained for 30min at room temperature in the dark.
The absorbance (OD) of mixtures was measured at 517 nm against a
reagent blank by using a UV–Vis spectrophotometer. The tests were
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performed in triplicate. The scavenging activity was calculated using
the following equation:

Scavenging activity (%) = A517 of control- (A517 of sample) × 100/
A517 of control. The plot of scavenging activity of DPPH was recorded
and the IC50 value (concentration of the sample to scavenging 50% of
the DPPH radicals; mg/ml) was then calculated.

2.3.4. 2,2-Azino-bis (3-ethylbenzothiozoline-6-sulfonic acid) diammonium
salt (ABTS) radical scavenging activity

The free radical scavenging activity was also determined by ABTS.+

radical cation decolourization assay as described earlier (Vijayabaskar
and Shiyamala, 2012) with minor modifications. Briefly, ABTS.+ was
dissolved in deionized water to 7mM concentration, and potassium
persulfate was added to a concentration of 2.45mM. The reaction
mixture was left to stand at room temperature overnight (12–16 h) in
the dark before use. The resultant intensely-coloured ABTS + was di-
luted with methanol to give an absorbance of 734 nm. The ABTS.+

scavenging activity was assessed by mixing 5ml of the above ABTS +

solution with 0.1ml seaweeds extracts of G. corticata and G. edulis (50,
100, 150, 200, 250 µg/ml). The final absorbance was measured at
743 nm with UV–Vis spectrophotometer. The percentage of scavenging
was calculated by the following formula:

ABTS.+ scavenging activity (%) = (A0-A1) x 100,
where A0 is absorbance of control and A1 is the absorbance of the

samples. The plot of scavenging activity on ABTS.+ radicals was re-
corded and the IC50 value (µg/ml) was then calculated.

2.3.5. Ferric ion (Fe3+) reducing antioxidant power (FRAP)
The ferric ion reducing antioxidant power of the seaweed extracts

was determined based on the ability of antioxidants to form coloured
complex with potassium ferric cyanide, TCA and ferric chloride. The
reducing power of extract was determined as described by Lim et al.
(2007) with suitable modifications. One ml of seaweed extract (1 mg/
ml in MeOH) was mixed with 2.5 ml phosphate buffer (pH 6.6) and
2.5 ml of 1% potassium ferric cyanide. The mixture was incubated at
50 °C for 20min. After incubation 2.5 ml of the supernatant was mixed
with 2.5 ml of distilled water and 0.5 ml of 0.1% ferric chloride. The
reducing ability was represented as the absorbance measured at 700 nm
(Abs 700 nm) after 10min. Increased absorbance of the reaction mixture
indicated increased reducing power. All the measurements were carried
out in triplicates.

2.3.6. Nitric oxide radical (NO *) scavenging activity
Nitric oxide radical scavenging activity was determined by the

method of Garrat (1964). Sodium nitroprusside in aqueous solution at
physiological pH spontaneously generates nitric oxide, which interacts
with oxygen to produce nitrite ions, which can be determined by the
Griess-Illosvoy reaction. Briefly, 3ml of the reaction mixture containing
10mM sodium nitroprusside and the seaweeds extract (100 μg/ml) in
phosphate buffer were incubated at 25 °C for 150min. After incubation,
0.5 ml of the reaction mixture was mixed with 1ml of sulfanilic acid
reagent (0.33% in 20% glacial acetic acid) and allowed to stand for
5min for complete diazotization. Then 1ml of naphthylethylene dia-
minedihydrochloride (0.1%) was added and after mixing well the so-
lution was allowed to stand for 30min at 25 °C. A pink coloured
chromophore was formed in diffused light. The absorbance of these
solutions was measured at 540 nm against the corresponding blank
solutions. BHT was used as positive control. Nitric oxide scavenging
activity of the G. corticata and G. edulis are reported as % inhibition and
was calculated.

NO* radical scavenging activity {(Abs control – Abs sample)

/(Abs control)} 100

=

×

Where; Abs control = absorbance of NO* radical + BHT; Abs

Sample absorbance of NO*radical sample extract or standard.= +

2.4. Fourier transform - infra red (FT-IR) spectrometer analysis

For this 2mg of the methanolic extracts samples of (G. corticata and
G. edulis) were mixed with 200mg KBr (FT-IR grade) and made into
thick pellets in a hydraulic press by allying 500 kg/m3 pressure. The
pellet was immediately placed into the sample holder and FT-IR spectra
were recorded between a range of 7500 and 370 cm−1 (Mid-IR) for the
compound under study. FT-IR spectra of the purified compound were
recorded on a Bruker optic GmBh, model no: TENSOR 27 Germany FT-
IR spectrometer.

2.5. Purification and characterization of active compound by gas
chromatography-mass spectrometry (GC-MS)

The crude extracts of G. corticata and G. edulis were partially pur-
ified through thin layer chromatography (TLC) plates (Merck,
Germany) by using the solvent system of chloroform: ethyl acetate:
methanol (6: 3: 1). Further, the partially purified fractions were loaded
onto the silica gel (Hi-media, India) packed column (20 cm length and
2 cm diameter) and eluted with n-hexane: ethyl acetate (50: 50 v/v).

The fractions were characterized by gas chromatograph (GC-2010)
interfaced with a quadrupole mass spectrometer (QP-2010) (Shimadzu,
Japan) analyzer in order to determine its chemical constituents using
Rtx-PCB capillary column (60m×0.25mm i.d., 0.25 mm film thick-
ness, RESTEK, Bellefonte, PA). Helium with a purity of 99.99% was
used as the carrier gas at a flow rate of 1ml/min. One ml of extract was
injected in a split mode using an autosampler. The injector port, in-
terface and ion source temperatures were set at 250, 270 and 230 °C,
respectively. GC temperature was programmed as follows: 50 °C
(1min), 10 °C (1min) ramp to 320 °C (10min hold). The mass spec-
trometer was operated in electron ionization (EI) mode at 70 eV and at
an emission current of 60mA. Full scan data were obtained in a mass
range of m/z 50–500. Interpretation of mass spectrum analysis was
done by using database of National Institute Standard and Technology
(NIST). The spectrums of the unknown components were compared
with the spectrum of known components stored in the NIST library.

2.6. In vitro antibacterial activity of seaweeds against seafood-borne
pathogenic bacteria

The antibacterial activity of seaweeds extracts was evaluated by the
well diffusion method on Muller-Hinton agar (MHA, Hi-media, India).
About 100 µl of 105 CFU/ml diluted inoculums of bacterial culture was
applied on the surface of MHA plates and allowed to solidify. The MHA
well was made with well borer under aseptic conditions and filled with
50 µl of G. corticata and G. edulis extracts and 70% methanol and di-
methyl sulfoxide (DMSO) used as positive control. The plates were in-
cubated at 37 °C for bacterial growth and the antibacterial activity of
the seaweeds samples was evaluated by measuring the zone of inhibi-
tion (mm) against the tested seafood-borne pathogenic bacteria. All the
experiments were done in triplicates and the data were expressed as the
mean values of experiments.

2.7. Statistical analysis

All determinations were given in terms of mean± standard devia-
tions (SD). The results obtained were compared by a one-way analysis
of variance (ANOVA). The significance of the difference between means
was determined by Duncan's multiple range test (P < 0.05) using SPPS
version 14 (USA).
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3. Results

3.1. Yield of methanol extraction, total phenol content (TPC) and total
flavonoid content (TFC)

Extraction with methanol yielded 7.10 ± 0.16 and 6.39 ± 0.16%
in G. corticata and G. edulis respectively. G. corticata had higher TPC
(4.00 ± 0.35mg GAE/g) than G. edulis (3.4 ± 0.21mg GAE/g). G.
corticata contain 0.6 times higher phenol content than G. edulis. Total
phenol content of G. corticata extract was significantly (P < 0.05)
higher than G. edulis extracts. The total flavonoid content of G. corticata
and G. edulis were expressed as catechin equivalent per gram dry mass
(mg CE/g DW). G. corticata and G. edulis extract significantly varied in
total flavonoid content i.e 3.33 ± 0.12 and 2.6 ± 0.08mg CE/g DW,
respectively. It is noteworthy to mention that G. corticata had 0.73
times higher total flavonoid content than G. edulis (Table 1).

3.1.1. DPPH radical scavenging activity
The DPPH radical scavenging activity of G. corticata and G. edulis

extracts and the synthetic chemical BHT compounds are shown in

Fig. 1a. The ability of a red seaweeds extracts to scavenge the reactive
metabolites would inhibit the formation of primary and secondary
amines oxidation products. In this investigation, G. edulis showed
highest DPPH free radical scavenging activity (23.95%) compared to G.
corticata (20.32%).

3.1.2. ABTS.+radical scavenging activity
ABTS.+ radical scavenging activities of the methanolic extracts of G.

corticata and G. edulis showed 50–250 µg/ml (Fig. 1b). ABTS.+ radical
scavenging activity of both extracts increased as the concentration in-
creased (P < 0.05). However, significantly higher ABTS.+ free radical
scavenging activity (40.24%) was observed from G. edulis than G. cor-
ticata (32.65%).

3.1.3. Ferric ion (Fe3+) reducing antioxidant power
The reducing ability of ferric ion (Fe3+) from G. corticata and

G. edulis was evaluated at different concentrations (50, 100, 150, 200,
and 250 µg/ml) as shown in Fig. 1c and compared with a reference
synthetic compound BHT at same concentrations. G. edulis showed
higher ferric reducing activity at all tested concentrations (P < 0.05)
and exhibited higher reducing power at 250 µg/ml concentration i.e.,
0.580% compared to G. corticata 0.523%, which is almost equivalent to
BHT at 100 µg/ml. i.e. 0.584%, thus indicating that G. edulis easily
donate an electron to Fe3+ and reduced as Fe2+ further.

3.1.4. Nitric oxide (NO*) radical scavenging activity
Nitric oxide radical scavenging activity of G. corticata and G. edulis

at different concentrations are shown in Fig. 1d. Nitric oxide radical
scavenging activity of both extracts increased as the concentration

Table 1
Percentage yield, total phenolic and total flavonoid content of G. corticata and
G. edulis extracts (n=3).

Seaweeds Yield Total phenol content
(mg GAE/g) DW

Total flavonoid content
(mg GAE/g) DW

G. corticata 7.10 ± 0.16 4.00 ± 0.35 3.33 ± 0.12
G. edulis 6.39 ± 0.56 3.4 ± 0.21 2.5 ± 0.08

Fig. 1. a. DPPH radical scavenging activity of G. corticata and G. edulis. b. ABTS.+ radical scavenging activity of G. corticata and G. edulis. c. FRAP radical scavenging
activity of G. corticata and G. edulis. d. NO* radical scavenging activity of G. corticata and G. edulis.
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increased (P < 0.05). However, G. corticata exhibited higher NO*

scavenging activity (36.78%) compared to G. edulis extract (35.25%).
Nitric oxide (NO*) is a reactive free radical produced by phagocytes and
endothelial cells, to yield more reactive species such as peroxynitrite
which can decompose to form OH radical. However, the level of nitric
oxide was significantly reduced by G. corticata and G. edulis extracts in
the study.

3.2. FT-IR analysis

The FT-IR spectrum of G. corticata and G. edulis confirmed the
presence of functional groups and the bands were observed at the re-
gions of 930.06, 1079.10, 1383.73, 1454.79, 1505.25, 1538.64,
1555.86, 1633.48, 1730.28, 2353.29, 2954.05, 2924.10, 3417.63,
3625.86, 3646.04, 3667.10, 3719.92 and 3914.71 cm−1 in G. corticata
and at 618.05, 657.18, 930.82, 1115.09, 1384.14, 1455.17,1556.07,
1645.02, 2923.78, 3419.78, 3419.05, 3748.50, 3850.79, 3861.69 cm−1

in G. edulis. The characteristic features of G. corticata and G. edulis
confirmed the presence of free hydroxyl alcohol, alkyne, esters, con-
jugated ketone, cyclic alkene, alkane, ester sulphate, the skeleton of
galactons, 3, 6-anhydro-L-galactose, carboxylic acid, aldehyde, agar-
ocolloides, secondary alcohol, and disulfides. The FT-IR analysis of G.
corticata and G. edulis confirmed the presence of 3, 6-anhydro-L-ga-
lactopyranose unit and high sulphate content indicating the presence of
polysaccharides content.

3.3. GC-MS analysis

The GC-MS running time for n-hexane: ethyl acetate (50:50 v/v)
extract of G. corticata and G. edulis were 30min and the spectrum is
shown in Fig. 2 a & b. The target mass ions (m/z) and retention time of
all identified compounds in G. corticata and G. edulis are shown in
Tables 2 and 3. The results showed that, G. corticata extracts contained
17 bioactive compounds of sulfurous acid, 2-ethylhexyl isohexyl ester,
hexatriacontane, octacosane, mono (2-ethylhexyl) phthalate, 1-iodo-2-
methylundecane and pentatriacontane; G. edulis was found to contain 7
different bioactive compounds of eugenol, nonane, undecane, hept-2-
ene, 2,4,4,6-tetramethyl, sulfurous acid, phthalic acid and 1,2-propa-
nediol were observed as the versatile common components present in G.
corticata and G. edulis. Besides the presence of other phytochemicals
such as sulfurous acid, 2-ethylhexyl isohexyl ester, hexatriacontane,
octacosane, pentatriacontane; eugenol, sulfurous acid, phthalic acid
and 1,2-propanediol might plays a vital role for antioxidant and anti-
bacterial activities.

3.4. In vitro antibacterial activity

The 70% methanolic and DMSO extracts of G. corticata and G. edulis
were tested for its antibacterial activity and their zone of inhibition are
shown in Tables 4 and 5. The methanolic and DMSO extract of G.
corticata showed maximum activity of 10mm against E. coli and B.
subtilis at 500 µg/ml concentration and minimum activity of 4mm
against Bacillus cereus at 100 µg/ml concentration (Table 4). The DMSO
extract exhibited maximum activity of 14mm against Staphylococcus
aureus at 500 µg/ml concentration and minimum activity of 4mm
against Photobacterium sp. at 100 µg/ml concentration.

The 70% methanolic extract of G. edulis showed higher inhibitory
activity of 16mm against Bacillus subtilis and Pseudomonas fluorescens at
500 µg/ml concentration, followed by E. coli 15mm and Staphylococcus
aureus 15mm at 400 µg/ml concentration (Table 5). The DMSO extract
of G. edulis exhibited higher inhibitory activity of 20 mm against Pho-
tobacterium sp. at 500 µg/ml concentrations and moderate activity of
18 mm against Photobacterium sp. at 400 µg/ml concentrations.
Minimum inhibitory activity of 4mm was found against P. fluorescens at
100 µg/ml concentration.

4. Discussion

In the present study, two red seaweeds, G. corticata and G. edulis
were tested for their yield, phytochemicals, antioxidant and anti-
bacterial properties. The solvent effect is an important parameter for
the chemical behaviour of antioxidant compounds. While different
solvents have been used in screening seaweeds for antioxidant and
antibacterial properties, the kind of solvent suitable for the most ef-
fectual extraction of seaweeds is still indistinguishable (Zheng et al.,
2001). Previous studies have shown that 70% methanol is the suitable
and best solvent for extraction of yield, antioxidant and antibacterial
properties (Jaswir et al., 2014; Chakraborty et al., 2015; Chan et al.,
2015). The yield of extracts obtained in this study (6–7% on DW) was
comparatively higher than that reported by another study (Table 1).
Chakraborty et al. (2015) reported that quantum of extracts obtained
using methanol from Hypnea musciformis, Hypnea valentiae and Jania
rubens were 4.83%, 6.54% and 5.32% respectively, which was com-
paratively lower than the results of the present study. The yield of
methanolic extract in the present study was higher as compared to
earlier study by Kumar et al. (2011) who obtained 5.64% of extract
from G. corticata, 4.99% from G. dura 4.57% from G. debilis, 6.19% from
G. fergusonii and 9.28% from G. salicornia. Souza et al. (2011) reported
that, the methanolic extract yield from G. bridiae was 4.87% DW and
from G. cornea 4.72% DW contents were much lower than the findings
of the present study. The yield of the methanol extract from Acantho-
phora spicifera (5.01%), Eucheuma sp. (3.98%) and G. edulis (2.85%)
were much lower than those reported by Ganesan et al. (2008). The
variation in the yield of extraction observed in red seaweeds species,
might be due to the influence of different factors like salinity, tem-
perature, sun light intensity, climatic and species to species differences.

G. corticata showed higher TPC (4.00 ± 0.35mg GAE/g) compared
to G. edulis (3.4 ± 0.21mg GAE/g). Similarly, Kumar et al. (2011)
have reported TPC levels from G. corticata (4.09 mg GAE/g), G. dura
(2.5 mg GAE/g), G. debilis (3.9 mg GAE/g), G. fergusonii (2.8 mg GAE/g)
and G. salicornia (3.91mg GAE/g). Other researchers found slightly
higher phenol content in red seaweed G. edulis (16.26 mg GAE/g)
(Ganesan et al., 2008). Chan et al. (2015) reported the total phenol
content of G. changii to be 8.53 ± 0.70mg PGEg−1, which was com-
paratively much higher than the results of the present study. Francavilla
et al. (2013) reported the total phenol content of G. gracilis as 2.3mg
GAE/g for DW, which was comparatively much lower than the results
of present study. Souza et al. (2011) reported much lower levels of TPC
content in G. bridiae (1.06 mg GAE/g) and G. cornea (0.89mg GAE/g).
Xu et al. (2015) reported that, the TPC in G. dura was 4.8mg GAE/g.
The higher content of phenolic compounds in red seaweeds indicates
better radicals scavenging ability, which could be used to prevent lipid
oxidation in food industries. The cell wall of seaweeds, which is mainly
composed of agarocolloids (sulphated polysaccharides and galactose 4-
sulphate) may contribute to its antioxidant potential in addition to the
presence of ascorbic acid, α-tocopherol, and various phenol compounds
(Chan et al., 2015; Seedevi et al., 2017). In addition earlier reports of
Yumiko et al. (2003); Sabeena Farvin and Jacobsen (2013), revealed
that the red seaweeds contain phenolic groups including phenolic acids
(i.e gallic acid, gentistic acid and protocatechuic acid) and flavonids
(hesperidin and rutin). Xu et al. (2015) attributed the high antioxidant
activity to the presence of phenolic compounds such as p-hydro-
xybenzaldehyde, tyrosol, p-hydroxyphenyl acetic acid, methyl ester and
p-hydroxybenzoic acid in G. edulis. In the present study, G. corticata was
observed to possess higher TPC (4.00 ± 0.35mg GAE/g) compared to
G. edulis (3.4 ± 0.21mg GAE/g). Cox et al. (2010) reported com-
paratively higher total flavonoid content of 6.83mg QE (quercetin
equivalents) / g in Palmaria palmata and 7.41 QE/g in Chondrus crispus.
Chan et al. (2015) also reported the total flavonoid content of G. changii
to be 20.16 ± 1.38mg RE g−1, which was comparatively much higher
than the results of the present study. The total flavonoid content of
seaweeds varies with species, habitats, maturity, environmental
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Fig. 2. a. GC-MS profile of bioactive compounds from G. corticata. b. GC-MS profile of bioactive compounds from G. edulis.
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condition, seasonal changes, age and biomass from seaweeds. G. corti-
cata and G. edulis showed higher phenol content, small molecules
weight polysaccharides, pigment, proteins or peptides which may be
due to the influence of the free radical scavenging activity. The pre-
sence of active hydroxyl groups (-OH) which is more efficient anti-
radical compounds can interact with free radicals to prevent lipid oxi-
dation.

Antioxidant effectiveness is measured by monitoring the inhibition
of oxidation of suitable substrate. In biological system antioxidant ef-
fectiveness is classified in to two groups viz., evaluvation of lipid per-
oxidation and measurement of free radical scavenging ability. In this
investigation, G. edulis showed higher DPPH free radical scavenging
activity (23.95%) compared to G. corticata (20.32%). Relatively lower
DPPH activity was reported by Chakraborty et al. (2015) in red sea-
weeds, among which H. musciformis showed 15.4% followed by J. ru-
bens (17.7%) and H. valentiae (7.7%) respectively in methanolic extract.

Earlier studies showed high DPPH radicals scavenging activities in the
methanolic extracts of red seaweeds G. corticata (44.32%), G. dura
(33.03%), G. debilis (53.34%), G. fergusonii (23.99%) and G. salicornia
(53.43%) (Kumar et al., 2011). Chan et al. (2015) reported that the
DPPH of G. changii was 3.85 ± 0.33mg/ml, which was comparatively
much lower than the results of the present study. Chakraborty et al.
(2015) reported that the phenolic compounds which have multi OH
group and centre of unsaturation in their structural moieties, enable
them to donate a proton to DPPH radical thereby neutralizing the later.
In this respect the present study agrees with previous finding of
Chakraborty et al. (2015).

ABTS.+ assay is based on radical scavenging activity of antioxidant
against long shelf life radical anion ABTS.+. In this assay ABTS.+ is
oxidized by peroxy radical or other oxidant to its radical cation,
ABTS.+, which is intensely coloured and antioxidant capacity is mea-
sured by the ability of the compounds to decrease color reaction di-
rectly with ABTS.+ free radicals. In this investigation, ABTS.+ radical
scavenging activity of both extracts increased as the concentration in-
creased (P < 0.05). However, G. edulis showed significantly higher
ABTS.+ free radical scavenging activity (40.24%) than G. corticata
(32.65%). The present work is in agreement with the work of
Chakraborty et al. (2015), which exhibited low ABTS.+ radical
scavenging activity in red seaweeds such as H. musciformis (19.60%), J.
rubens (14.96%) and H. valentiae (8.78%), respectively. Interestingly,
the ABTS.+ radical scavenging activity in red seaweeds could due to
presence of high carotenes and other pigments with long hydrocarbon
chain and animated compounds (Chew et al., 2008). The present results
strongly suggested that G. edulis is a strong ABTS.+ radical scavenging
inhibitor as compared to G. corticata. This study revealed that, red
seaweeds represented functional of group ester sulphate, skeleton of
galactons, 3,6-anhydro-L-galactose, carboxylic acid, aldehyde, agar-
ocolloides, secondary alcohol and disulfides possessing the antioxidant
effects. The ability of good reducing power in red seaweeds could be
attributed to catechin and epicatechin processing the higher number of
hydroxyl groups. This study showed high DPPH reducing power and
ABTS.+ radical scavenging activity from G. corticata and G. edulis.

FRAP of red seaweeds extracts can serve as a significant indicator of
their potential antioxidant activity. This assay is based on the reaction
which measures reduction of ferric to ferrous products. The ferrous
formed from the reduction process was then monitored by measuring
the formation of blue. Moreover, increase in the absorbance of the re-
action mixture indicated an increase in the reduction power. In this
study, G. dura showed highest ferric reducing activity at all the con-
centrations (P < 0.05) and showed highest reducing activity at
250 µg/ml i.e., 0.580% compared to G. corticata 0.523%, which is al-
most equivalent to BHT at 100 µg/ml i.e 0.584%, thus indicating that G.
edulis easily donates electron to Fe3+ and reducing it further to Fe2+.
The mechanism of the FRAP scavenging activity was to analyze the
reducing ability of the antioxidant in these extracts to reduce ferric ion

Table 2
List of compounds identified from the purified extract of G. corticata using GC-
MS analysis.

S. No Compound name Rt Base m/z

1 Sulfurous acid 12.216 97.00
2 Decane 13.883 57.00
3 2-ethylhexyl isohexyl ester 15.550 57.00
4 Undecane 17.157 57.00
5 Tridecanol 18.701 57.00
6 Hexatriacontane 20.185 57.00
7 Tricosane 21.609 91.00
8 Octacosane 22.976 57.00
9 Benzene 23.494 90.95
10 Hexatriacontane 24.295 57.00
11 Mono (2-ethylhexyl) phthalate 24.861 148.95
12 10-Methylnonadecane 25.099 57.00
13 Hexatriacontane 25.362 354.90
14 1-Iodo-2-methylundecane 26.340 57.00
15 Pentatriacontane 26.786 57.00
16 Tritriacontane 27.113 354.95
17 Nonacosane 28.700 428.80

Table 3
List of compounds identified from the purified extract of G. edulis using GC-MS
analysis.

S.No Compound name Rt Base m/z

1 Eugenol 6.204 163.95
2 Nonane 26.857 56.95
3 Undecane 10.373 56.95
4 Hept-2-ene, 2,4,4,6-tetramethyl 12.216 97.05
4 Sulfurous acid 13.883 56.95
6 Phthalic acid 16.503 148.95
7 1,2-Propanediol 23.500 91.00

Table 4
Antibacterial activity of 70% methanolic and DMSO extracts of G. corticata against seafood-borne pathogens.

Name of solvents Concentration (µg/ml) Seafood-borne pathogens (Zone of inhibition mm)

E. coli Photobacterium sp. Pseudomonas fluorescens Staphylococcus aureus Bacillus subtilis

Methanol 100 7 ± 0.01 6 ± 0.04 8 ± 0.11 4 ± 0.10 8 ± 0.01
200 9 ± 0.03 5 ± 0.01 10 ± 0.05 8 ± 0.04 9 ± 0.03
300 11 ± 0.10 7 ± 0.05 12 ± 0.07 12 ± 0.00 11 ± 0.00
400 14 ± 0.01 10 ± 0.02 13 ± 0.03 14 ± 0.20 14 ± 0.11
500 15 ± 0.03 12 ± 0.03 16 ± 0.10 15 ± 0.16 16 ± 0.02

DMSO 100 5 ± 0.10 4 ± 0.30 4 ± 0.05 6 ± 0.05 5 ± 0.12
200 7 ± 0.01 8 ± 0.12 7 ± 0.20 8 ± 0.02 6 ± 0.04
300 9 ± 0.11 13 ± 0.16 9 ± 0.01 10 ± 0.08 7.5 ± 0.07
400 11 ± 0.02 18 ± 0.05 11 ± 0.16 12 ± 0.01 10 ± 0.01
500 13 ± 0.01 20 ± 0.13 13 ± 0.01 14 ± 0.04 12 ± 0.05

Data were expressed as the mean± SD values of triplicates (n=3).
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(Fe3+) to ferrous (Fe2+) in acidic medium by electron transfer (Benzie
and Strain, 1996). Chakraborty et al. (2015) reported the reducing
power of red seaweeds, J. rubens (0.43 mg/ml) and H. valentiae
(0.33 mg/ml) which is found to be comparatively much lower than the
results of the present study. Earlier reports suggested the reducing
power of methanol extracts of red seaweeds, Kappaphycus alvarezii to be
0.07–0.74% (Kumar et al., 2008). Chan et al. (2015) found the reducing
power of G. changii to be 17.161%, which was comparatively much
higher than the results of the present study. This study suggested the
reducing power of the compounds to be related to the degree of hy-
droxylation and extent of conjugation in phenols present in red sea-
weeds.

The characteristic features of G. corticata and G. edulis confirmed the
presence of free hydroxyl alcohol, alkyne, esters, conjugated keton,
cyclic alkene, alkane, ester sulphate, skeleton of galactons, 3,6-an-
hydro-L-galactose, carboxylic acid aldehyde, agarocolloides, secondary
alcohol, and disulfides. The FT-IR spectrum of G. edulis showed the
characteristic bands (1352.1, 1377.12, 1251.75, 1039.59, 1056.38,
929.65, 927.92, 885.29, 852.5 cm−1) assigned as estersulphate, the
skeleton of galactons, 3,6-anhydro-L-galactose, agar specific band, ga-
lactose 4-sulphate, galactose 6-sulphate (Sakthivel and Pandima Devi,
2015). Similarly, Seedevi et al. (2017) reported the band at 1254.87
which could be attributed to the sulphate group and the region of
1068.49 is equivalent to the skeleton of galactans and agar specific
band found in G. corticata. The GC-MS results showed that G. corticata
extracts contained 17 bioactive compounds and G. edulis contained 7
different bioactive compounds of sulfurous acid, 2-ethylhexyl isohexyl
ester, hexatriacontane, octacosane, hexatriacontane, mono (2-ethyl-
hexyl) phthalate, 1-iodo-2-methylundecane and pentatriacontane; eu-
genol, nonane, undecane, hept-2-ene, 2,4,4,6-tetramethyl, sulfurous
acid, phthalic acid and 1,2-propanediol which were observed as the
versatile common components present in G. corticata and G. edulis.
Manilal et al. (2010) reported that the red algae (Asparagopsis taxi-
formis) contain major component such as 4,5-dimethyl-1H-pyrrole-2-
carboxylic acid ethyl ester, chlorobenzene, 14-methyl-pentadecanoic
acid methyl ester, octadec-9-enoic acid, 2,3-dihydroxy-propyl ester, 9-
octadecanoic acid, methyl ester, pentadecanoic acid and octadecanoic
acid which might be involved in synergistic bioactivity. Similar to the
present study, Jasna et al. (2013) reported high concentration of eu-
genol in clove extract which makes it potential for antibacterial, and
antioxidant properties. Similarly, Pandima Devi et al. (2010) described
the antibacterial activity of eugenol from clove which disrupts the cell
structure by incorporating with lipopolysaccharides layer of bacteria
cell membrane leading to intracellular components release which leads
to death. Besides antibacterial activity, eugenol, sulfurous acid and
phthalic acid are also acting as potential antioxidant by donating a
hydrogen atom and stabilizes the phenoxyl radicals to inhibit the oxi-
dation. Eugenol, sulfurous acid and phthalic acid has the capability to
reduce two or more DPPH radicals by forming dimers. Pyrogallol or

1,2,3 benzenetriol also showed antibacterial activities. It is a hydro-
xylated phenol, having three OH groups attached to the phenol ring
which is responsible for antibacterial activity (Diego et al., 2014).

The extraction of antimicrobials from different species of seaweeds
(brown, red and green) were solvent dependent. Cox et al. (2010) ob-
served that acetone is a efficient solvent for green seaweed species, where
as methanol was better solvent for antimicrobial extraction for brown and
red seaweeds. This study has proven that 70%methanol was a best solvent
for better antimicrobial activity than the DMSO extracts of G. corticata and
G. edulis (Tables 4 and 5). In another report, Jaswir et al. (2014) reported
the methanolic extract of S. binderi to showmaximum inhibitory activity of
12mm against B. subtilis, and the minimum inhibitory activity of 10mm
against S. aureus.Moreover, methanol is a suitable solvent for extraction of
bioactive compounds and antibacterial activity from seaweeds. Similarly,
our results also revealed that methanol is suitable for antimicrobial ex-
traction from seaweeds. In another study, Manivannan et al. (2011) ob-
served strong antibacterial activity against fish pathogen in methanol ex-
tracts from selected brown seaweeds collected from Vedalai coastal waters
of Gulf of Mannar. The higher antibacterial activity of red seaweeds,
Laurencia papillosa and Jania corniculata might be due to the presence of
fatty acid either saturated (teradecanoic and hexadecenoic) or unsaturated
(hexadecenoic 9 octa decanoic and tetracosenoic acid). Presence of ses-
quiterpenoids in red seaweeds might be the reason for an antibacterial
activity against pathogenic bacteria (Bansemir et al., 2006). Although, in
the present study, G. corticata and G. edulis showed good antibacterial
activity against both gram positive and gram negative bacteria due to the
presence of fatty acids and bioactive compounds such as sulfurous acid, 2-
ethylhexyl isohexyl ester, eugenol, benzene and phthalic acid. Recently,
Xu et al. (2015) reported that, higher antibacterial properties of the red
seaweed might be due to the presence of fatty acids such as palmiteladic,
palmitoleic, oleic and elaidic acids in G. dura. Similarly, Abo Taleb et al.
(2009) reported that the methanolic and ethanolic extracts of red sea-
weeds (Asparagopsis toxiformis) exhibited higher antibacterial activity of 12
and 10mm respectively against Bacillus cereus. The antibacterial activity of
red seaweeds and other algal species has been linked to the presence of
phenol, polyphenol and terpenes (Sandsdalen et al., 2003) and phlor-
otannins (Wang et al., 2010). Interestingly, seaweeds contain anti-
microbial substances in the form of halogenated active compounds of
haloforms, halogenated alkanes and alkenes, alcohols, aldehydes, hydro-
quinones and ketones (Smit, 2004). From the present study, it is note-
worthy to mention that G. edulis and G. corticata contain phenol and fla-
vonoid compounds which exhibited strong antibacterial activity. Many
synthetic antioxidants have shown toxic and carcinogenesis, which
prompted greater attention towards searching for naturally occurring an-
tioxidants. Numerous naturally occurring antioxidant substances were
found in red seaweeds and therefore these can be utilised in the food in-
dustries. Thus, these seaweeds were found to be good sources of natural
antioxidant to replace synthetic compounds.

Table 5
Antibacterial activity of 70% methanolic and DMSO extracts of G. edulis against seafood-borne pathogens.

Name of solvents Concentration (µg/ml) Seafood-borne pathogens (Zone of inhibition mm)

E. coli Photobacterium sp. Pseudomonas fluorescens Staphylococcus aureus Bacillus subtilis

Methanol 100 3 ± 0.01 1 ± 0.00 3 ± 0.05 3 ± 0.05 3 ± 0.03
200 4 ± 0.06 1 ± 0.01 3 ± 0.01 3 ± 0.11 3 ± 0.00
300 4.5 ± 0.11 3 ± 0.01 4 ± 0.11 4 ± 0.03 4 ± 0.10
400 5 ± 0.03 3 ± 0.10 5 ± 0.20 5 ± 0.06 5 ± 0.30
500 6 ± 0.05 4 ± 0.11 6 ± 0.06 6 ± 0.01 6 ± 0.01

DMSO 100 4.5 ± 0.01 4 ± 0.01 4 ± 0.10 3 ± 0.00 5 ± 0.07
200 5 ± 0.10 4.5 ± 0.05 5 ± 0.02 4.5 ± 0.11 7 ± 0.06
300 6 ± 0.00 5 ± 0.11 6 ± 0.05 5 ± 0.01 7.5 ± 0.11
400 7 ± 0.30 6.5 ± 0.05 8 ± 0.20 5 ± 0.00 9 ± 0.15
500 9 ± 0.11 7 ± 0.14 9 ± 0.11 6.5 ± 0.06 15 ± 0.10

Data were expressed as the mean± SD values of triplicates (n=3).
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5. Conclusion

The present study revealed the methanolic extracts of two red sea-
weeds G. corticata and G. edulis to have different levels of antioxidant
properties. The 70% methanolic and DMSO extracts of G. corticata and
G. edulis showed maximum activity against B. subtilis than other tested
bacterial strains. GC-MS analysis revealed the presence of numerous
bioactive metabolites such as sulfurous acid, 2-ethylhexyl isohexyl
ester, eugenol, benzene and phthalic acid in both the red seaweeds.
Moreover, the present investigation implied that G. corticata and G.
edulis extracts are endowed with potential antiradical, and antibacterial
properties. This study provides first hand information regarding the
potential of red seaweeds to develope natural sources of antiradicals,
food supplements, nutraceutical, having various functional food and
therapeutic applications.
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