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1. Introduction

  There is ample evidence that reactive oxygen species 
(ROS) generated in the human body can cause oxidative 
damages associated with many degenerative diseases 
such as atherosclerosis, coronary heart diseases, aging 
and cancer [1]. Reactive oxygen species (ROS) such as 
superoxide radical (O2.-), hydroxyl radical (OH.), peroxyl 
radical (ROO.) and nitric oxide radical (NO.) attack biological 
molecules such as lipids, proteins, enzymes, DNA and RNA, 
leading to cell or tissue injury. ROS induce peroxidation of 
lipids (polyunsaturated fatty acids) generating secondary 
oxidants like heptanol and hexanal which contributes 
to oxidative rancidity, deteriorating the flavor of the 
food. These not only cause a loss in food quality but 
are also believed to be associated with carcinogenesis, 
mutagenesis, arthritis, diabetes, inflammation, cancer 
and genotoxicity [2]. To overcome these problems a wide 
range of synthetic antioxidants (butylatedhydroxytoluene 
(BHT), butylatedhydroxyanisole (BHA), propyl gallate 

(PG) and butylatedhydroquinone) have been used as food 
preservatives. However, these synthetic antioxidants have 
side effects such as liver damage and are suspected to be 
mutagenic and neurotoxic. Hence, most consumers prefer 
additive-free foods or a safer approach like the utilization 
of more effective antioxidants of natural origin [3, 4]. 
Recently, various phytochemicals like polyphenols, which 
are widely distributed in plants, have been reported to act 
as free radical scavengers[5]. Marine plants like seaweeds 
also contain high amount of polyphenols. 
  Seaweed constitutes a commercially important renewable 
resource. Sargassum, Padina, Dictyota and Gracilaria sps 
can be used as fertilizers, food additives and animal feed[6]. 
Although seaweeds possess wide application in food and in 
the pharmaceutical industry, the antioxidant activities of 
many types of seaweed in the South Indian coastal area are 
still unexplored. The main objective of the present study 
is to evaluate the antioxidant activity of T. ornata, brown 
seaweed obtained from Mandapam, Gulf of Mannar, India.

2. Materials and methods

2.1. Collection area
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  The brown algae, Turbinaria ornata (Fucales/phaeophyta) 
(T. ornata) was collected from the intertidal region of 
Mandapam coast (Lat. 09曘17’N; Long 79曘 07’E) of Gulf of 
Mannar, South east coast of India. Gulf of Mannar is a marine 
biosphere which harbor biodiversity of global significance 
and unique for coral reef, seaweed and sea grass ecosystems.

2.2. Collection and processing of marine algae

  T. ornata grows by attaching to coral substratum. Algal sample was 
cleaned of epiphytes and extraneous matter and necrotic parts were 
removed. Plants were washed with seawater and then in fresh water. The 
seaweeds were transported to the laboratory in sterile polythene bags at 
20  曟 temperature.

2.3. Polyphenol extraction from seaweed

  In the laboratory, algal sample was rinsed with sterile 
distilled water, shade dried, cut into small pieces and 
powdered in a mixer grinder. It was stored in air-tight 
polypropylene container at room temperature. 100 g of T. 
ornata (powder) was extracted with 500 mL of methanol (2:1) 
in a Soxhlet extractor for 6 h. The extraction was repeated 
twice. The total extract was filtered and the obtained filtrate 
(crude extract) was concentrated under reduced pressure 
to dryness. The concentrated crude extract served as the 
seaweed polyphenol for further analysis.

2.4. Estimation of total phenolic content 

  Phenolic contents of crude methanolic extracts were 
estimated by the method of Senevirathene et al., [7]. 100毺L 
crude sample was mixed with 2 mL of 2% sodium carbonate 
and allowed to stand for 2 minutes at room temperature 
in the dark. Absorbance of all the sample solutions was 
measured at 720 nm using spectrophotometer. Gallic acid 
was used as a standard and a calibration curve was prepared 
with a range of concentration from 10 to 200 mg/L. Phenolic 
content was expressed as gallic acid equivalent per gram 
(GAE/g) of extract.

2.5. Identification of phenolic compounds by TLC

  Thin-layer chromatography (TLC) was performed on a 
silica gel plate. An aliquot of each sample was spotted on 
the silica gel plate with a developing solvent system of 
chloroform/methanol (10:1, v/v). The spots were visualized 
by spraying the plates with spraying solution (1% potassium 
ferric cyanide in water and 1% ferric chloride in water) and 
the visualized under UV [8]. 

2.6. FT - IR spectrophotometer analysis

  Infrared spectra (IR) were also used to identify the phenolic 
compounds. Seaweed extracts along with the standard gallic 

acid were tested using SHIMADZU- FT-IR instrument. 
One milligram of dry sample was mixed with 100 mg of dry 
potassium bromide (KBr) and then compressed to prepare 
salt-disc (3 mm diameter). These discs were analyzed under 
Fourier transform IR-Spectrophotometer. The absorption 
was read between 400 and 4 000 cm-1.

2.7. Evaluation of antioxidant activity of seaweed polyphenol

  The seaweed extract was dissolved in methanol. The 
residue in the methanol was subjected to the following in 
vitro assays to assess the antioxidant potential. The free 
radical scavenging activity of the seaweed extracts was 
evaluated using standard procedures and gallic acid was 
used as the reference compound. All analysis were run in 
triplicates and averaged.

2.8. Determination of total antioxidant capacity by the 
phosphomolybdenum method

  The antioxidant activity of the seaweed extract was 
evaluated by the phosphomolybdenum method according to 
the procedure of Prieto et al., [9]. The assay is based on the 
reduction of Mo(VI) - Mo(V) by the extract and subsequent 
formation of a green phosphate / Mo(V) complex at acid pH.
2 mL extract was combined with 1 mL of reagent solution 
(0.6 M sulfuric acid, 28 mM sodium phosphate and 4mM 
ammonium molybdate). In the case of the blank, methanol 
was used in place of sample. The tubes containing the 
reaction solution were capped and incubated in water bath 
at 95 曟 for 90 min. After the samples were cooled to room 
temperature, the absorbance of the solution was measured 
at 635 nm using a spectrophotometer against blank. The 
antioxidant activity was expressed as an equivalent of gallic 
acid (mg GA/g dried extract). All the measurements were 
measured in triplicates.

2.9. Reducing power

  Reducing power of the test extracts was determined based 
on the ability of antioxidants to form coloured complex with 
potassium ferric cyanide, trichloroacetic acid and ferric 
chloride. The reducing power of the extracts was determined 
according to the method of Katalinic [10]. 0.75ml of extracts 
at various concentrations (50, 100, 250, 500 and 1 000 毺g) was 
mixed with 0.75 mL phosphate buffer (pH 6.6) and 0.75 mL 
of 1% potassium ferric cyanide. The mixture was incubated 
at 50曟 for 20 minutes. 0.75 mL of 10% trichloroacetic acid 
was added to the mixture and centrifuged at 3 000 g for 
10minutes. 1.5ml of the supernatant was mixed with 1.5 mL 
of distilled water and 0.1 mL of 0.1% ferric chloride. After 
an incubation of 10 minutes the absorbance was measured 
at 700 nm. Increased absorbance of the reaction mixture 
indicated increased reducing power. Gallic acid was used 
as the reference. All the measurements were measured in 
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triplicates.

2.10. Free radical scavenging activity of seaweed polyphenol

2.10.1. DPPH radical scavenging activity 
  The free radical scavenging activity of the seaweed 
extracts was measured by 1, 1-diphenyl-2-picryl-hydrazil 
(DPPH) following the method of Blois [11]. This method is 
based on the reduction of stable DPPH (2, 2-diphenyl-1-
picrylhydrazyl) radical antioxidants in a methanolic solution. 
In the presence of antioxidants the purple colour of the 
DPPH radical solution changes to a bright yellow and the 
intensity of this can be monitored spectrophotometrically. 
Used as a reagent, DPPH evidently offers a convenient and 
accurate method for the titration of oxidizable groups of 
natural or synthetic antioxidants. 0.1 mM solution of DPPH in 
methanol was prepared and 1 mL of this solution was added 
to 3 mL of seaweed extracts at different concentrations (50, 
100, 250, 500 and 1 000毺g). After 10 minutes, absorbance was 
measured at 517 nm. All the measurements were measured 
in triplicates. The percentage scavenging was calculated as 
follows.

  Radical scavenging activity (%) = [(A0-A1/ A0) 暳 100]

  Where A0= Absorbance of control; A1= Absorbance of 
sample

2.10.2. ABTS radical scavenging assay
  The free radical scavenging activity was also determined by 
ABTS (2,2’azino bis (3-ethylbenzothiazoline-6-sulphonicacid) 
diammonium salt) radical cation decolourization assay [12]. ABTS 
was generated by mixing 5 mL of 7 mM ABTS with 88 毺L of 140 mM 
potassium persulfate under darkness at room temperature for 16 
hours. The solution was diluted with 50% ethanol and the absorbance 
at 734 nm was measured. The ABTS radical cation scavenging activity 
was assessed by mixing 5ml ABTS solution (absorbance of 0.7 暲 0.05) 
with 0.1 mL seaweed extract (50, 100, 250, 500 and 1 000 毺g). The final 
absorbance was measured at 743 nm with spectrophotometer. The 
percentage of scavenging was calculated by the following 
formula,

  % of scavenging = ((Ao-A1) / Ao) 暳 100

  Where Ao is absorbance of control and A1 is absorbance of 
sample.

2.10.3. Hydroxyl radical scavenging assay
  Hydroxyl radical scavenging activity was measured 
by studying the competition between deoxyribose and 
test compounds for hydroxyl radical generated by Fe3+- 
Ascorbate EDTA H2O2 system (Fenton reaction) according 
to the method of Kunchandy and Rao [13]. The hydroxyl 
radicals attack deoxyribose that eventually results in TBARS 
formation. The reaction mixture contained in a final volume 

of 1.0mL, 100毺L of 2-deoxy-2-ribose (28 mM in potassium 
phosphate-potassium hydroxide buffer, pH 7.4), 500毺
L solutions of various concentrations of extracts (50, 100, 
250, 500 and 1 000 毺g) and standard in KH2PO4-KOH buffer 
(20mM, pH 7.4), 200 毺L of 1.04mM ethylene diamine tetra 
acetic acid and 200 毺L of 200 毺M Ferric chloride, 100 毺L 
of 10 mM hydrogen peroxide and 100 毺L of 1.0mM ascorbic 
acid was incubated at 37 曟 for 1 hour. The free radical 
damage imposed on the substrate, deoxyribose was measured 
as TBARS by the method of Yuan et al. [14]. 1.0 mL of thiobarbituric 
acid (1%) and 1.0 mL of trichloroacetic acid (2.8%) were added 
to the test tubes and were incubated at 100 曟 for 30 minutes. 
After cooling, absorbance was measured at 535 nm against 
control containing deoxyribose and buffer. The percentage 
scavenging was determined by the comparing the result of 
the test compound and control using the formula,

  Radical scavenging activity (%) = [(A0-A1/ A0) 暳 100]

  Where A0= Absorbance of control; A1= Absorbance of 
sample

2.10.4. Superoxide anion radical scavenging assay
  Measurement of superoxide anion scavenging activity of the 
extracts was done based on the method described by the slightly 
modified method of Nishimiki et al. [15]. About 1 mL of nitro blue 
tetrazolium (NBT) solution (156毺M NBT in 100mM phosphate buffer, 
pH 7.4), 1 mL of NADH solution (468毺M in 100mM phosphate 
buffer, pH 7.4) and 0.1 mL of sample at various concentrations (50, 
100, 250, 500 and 1 000毺g in distilled water) were mixed and the 
reaction was started by adding 100 毺L of phenazine methosulphate 
(PMS) solution (60毺M PMS in 100 mM phosphate buffer, pH 7.4). 
The reaction mixture was incubated at 25 曟 for 5 minutes, and the 
absorbance at 560nm was measured against blank samples. The 
percentage scavenging value was determined as follows.

  Radical scavenging activity (%) = [(A0-A1/ A0) 暳 100]

  Where A0 = Absorbance of control; A1 = Absorbance of 
sample

2.10.5. Nitric oxide radical scavenging assay
  Nitric oxide radicals generated from sodium nitroprusside solution 
at physiological pH interacts with oxygen to produce nitrite ions 
which were measured by the Griess reaction [16]. 2 mL of sodium 
nitroprusside (10 mm) was mixed with 1 mL of the test extracts 
(50, 100, 250, 500 and 1000 毺g) in phosphate buffer (pH 7.4). The 
mixture was incubated at 25 曟 for 150 minutes. To 0.5 mL of 
the incubated solution, 1 mL of sulphanilic acid reagent 
(0.33% sulphanilamide in 20% acetic acid) was added and 
allowed to stand for 5 minutes for completing diazotization. 
1 mL of 0.1% napthyl ethylene diamine dihydrochloride was 
added and incubated at room temperature for 30 minutes. 
Absorbance was read at 540 nm and percentage scavenging 
was calculated as follows.
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  Radical scavenging activity (%) = [(A0-A1/ A0) 暳 100]

  Where A0 = Absorbance of control; A1 = Absorbance of 
sample

2.11. Characterization of crude seaweed polyphenol by GC-
MS

  GC-MS analysis was perfomed using a varian CP-gas 
chromatography. The injector port was heated to 220 曟. The 
injections were perfomed in splitless mode. The carrier gas 
was Helium C-60, at a constant flow of 1 mL/min. the oven 
temperature was set at 40 曟 for 1min, then increasing 2 曟/
min to 220 曟 and held for 30 minutes.
  Compounds were identified by comparing the retention 
times of the chromatographic peaks with those of authentic 
compounds analyzed under the same conditions.

3. Result

3.1. Total phenol content

  The total phenolic content of the seaweed extract was 
measured spectrophotometrically by the Folin-Ciocalteau 
method. The results were expressed as gallic acid 
equivalents (GAE). Turbinaria ornata was found to have the 
phenolic content of (43.72 暲 1.63) mg GAE/g extract. 

3.2. Thin layer chromatography (TLC)

  The phenolic compounds present in T. ornata was 
tentatively detected by TLC. After spraying with the 
solution composed of 1% potassium ferric cyanide and 1% 
ferric chloride, the appearance of blue colour spot in the 
TLC chromatogram indicated the presence of phenolic 
compounds (Figure 1).

3.3. FT-IR analysis

  The FT-IR analysis of the seaweed extract was done and 
the functional groups associated were determined. The FT-
IR spectrum of the samples was obtained and the effective 
peaks were compared with that of the standard gallic acid. 
The FT-IR spectrum of the standard gallic acid contain ten 
major peaks at the range of 3365.90, 3282.90, 3064.99, 2654.14, 
1703.20, 1618.33, 1541.18, 1448.59, 1099.46 and 1026.16 cm-1: 
whereas the FT-IR spectrum of the T. ornata also recorded 
the same number of peaks lying between 1026.16, 3414.12, 
1028.09 and 3394.83 cm-1 respectively. The absorption peaks 
observed for hydroxyl groups (around 3300-3500 cm-1) and 
aromatic ring (around 1450-1470 cm-1 and 2850-2960 cm-1) 
in the spectra of T. ornata also suggested the presence of 
phenolic compounds. 

Figure 1. TLC analysis of T. ornate polyphenol.

3.4. Antioxidant properties of seaweed polyphenols

3.4.1. Total antioxidant activity
  The total antioxidant capacity of T. ornata was measured 
by phosphomolybdenum method. The antioxidant activities 
increase with increasing concentration of the sample. At the 
concentration of 1 000毺g/mL, the crude extract of T. ornata 
exhibited higher antioxidant activity [(88.17 暲 2.45) %] as 
compared with the standard, gallic acid (Figure 2).
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Figure  2. Total antioxidant activity of T. ornata (TO) extract compared with 
standard gallic acid (GA). 

3.4.2. Reducing power
  The reducing power of T. ornata was compared with the 
standard gallic acid. The reducing power increases with the 
increasing concentration. The reducing power of the samples 
was shown in Figure 3 and it was found to be in the following 
order: Gallic acid [(0.29 暲 0.01) - (0.91 暲 0.09)], T. ornata [(0.2 
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暲 0.04) - (0.72 暲 0.07)]. 

3.4.3. DPPH radical scavenging activity
  The effect of seaweed extracts and standard on DPPH 
radical was compared and shown in Figure 4. The 
scavenging effect increases with the concentration of 
standard and samples. At 1 000 毺g/mL concentration, T. 
ornata possessed (84.27暲2.17)% scavenging activity on DPPH. 
All the concentration of T. ornata showed higher activity 
than the standard gallic acid.
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Figure 3. Reducing power of T. ornate (TO) extract compared with standard 
gallic acid (GA).
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Figure 4. DPPH scavenging activity of T. ornata (TO) extract compared with 
standard gallic acid (GA).

3.4.4. ABTS cation scavenging activity
  The effect of seaweed extracts and standard on ABTS cation 
was compared and shown in Figure  5. The scavenging effect 
increases with the concentration of standard and samples. 
At 1 000 毺g/mL concentration, T. ornata possessed (72.58暲
3.45)% scavenging activity on ABTS. All the concentration 
of T. ornata showed higher activity than the standard gallic 
acid.

3.4.5. Hydroxyl scavenging activity
  The scavenging effect of OH. was investigated using the 
Fenton reaction and the results shown as the % inhibition 

rate in Figure 6. T. ornata exhibited the inhibition of about 
(70.12 暲 2.03)%, but this is lower than the standard gallic acid 
(1 000 毺g/mL) whose inhibition is (44.92 暲 1.97)%.

%
 o

f  
to

ra
l a

nt
lo

xl
da

nt
 a

ot
lv

lry

80

70

60

50

40

30

20

10

0

GA1  GA2.5  GA5.0 GA10.0 GA20.0         TO50  TO100 TO250 TO500 TO1000

Comcentzdion of mople(毺g/mL)

Figure 5. ABTS scavenging activity of T. ornata (TO) extract compared with 
standard gallic acid (GA).
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Figure 6. Hydroxyl scavenging activity T. ornata (TO) extract compared with 
standard gallic acid (GA).

3.4.6. Superoxide anion radical scavenging activity
  The seaweed extracts were subjected to be superoxide 
scavenging assay and the results were shown in Figure 
7. It indicates that T. ornata (1 000 毺g/mL) exhibited the 
maximum Superoxide scavenging activity of (61.86 暲 
1.27) % which is significantly higher than the standard 
gallic acid whose scavenging effect is (52.63 暲 1.15)%. 

3.4.7. Nitric oxide scavenging activity
  Suppression of NO. release may be attributed to a 
direct NO. scavenging effect as the seaweed extracts 
decreased the amount of nitrite generated from the 
decomposition of sodium nitroprusside in vitro as 
shown in Figure 8. The results show that T. ornata had 
scavenging activity of (39.8暲 2.52)% higher than the 
standard gallic acid (33.65 暲 2.07) %. 
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Figure 7. Superoxide scavenging activity of T. ornata (TO) extract 
compared with standard gallic acid (GA).

%
 o

f  
to

ra
l a

nt
lo

xl
da

nt
 a

ot
lv

lry

45

40

35

30

25

20

15

10

5

0

GA50   GA100 GA250 GA500 GA1000         TO50  TO100 TO250 TO500 TO1000

Comcentzdion of mople(毺g/mL)

Figure 8. Nitric oxide scavenging activity of T. ornata (TO) extract 
compared with standard gallic acid (GA).

3.5. Characterization of crude seaweed polyphenol by GC-
MS analysis
  T. ornata was reported to have two compounds which was 
identified using a combination of a mass-spectral database 
and retention data. The analytical Polyphenols, Phenol, 
2-[(1-phenylethyl)thio] (40.5%), metomidate (31.8%), were 
observed in T. ornata. 

4. Discussion

  The antioxidant activitiy of several naturally occurring 
compounds have been known for decades. Recently, 
many types of seaweed have been considered as source of 
reactive oxygen species inhibitors. They can be used as 
food additives and can also provide protection against tissue 
oxidation [17].
  The present investigation has also proved that seaweed 

Polyphenols (T. ornata) possess antioxidant activity to 
scavenge free radicals. Dietary natural antioxidants are 
reported to help in preventing aging and other diseases. 
There are some evidences that seaweeds contain compounds 
with a relatively high antioxidant and antiproliferative 
activity. Seaweeds are low in fat but contain vitamins 
and bioactive compounds like terpenoids, sulfated 
polysaccharides and polyphenolic compounds, the latter 
being a potential natural antioxidant not found in land plants 
[18].
  Antioxidant compounds scavenge free radicals such 
as peroxide, hydro peroxide or lipid peroxyl and thus 
reduce the level of oxidative stress and slow or prevent the 
development of complications associated with oxidative 
stress related diseases [19]. Many synthetic antioxidants 
have shown toxic and mutagenic effects, which have shifted 
attention towards naturally occurring antioxidants. A great 
number of naturally occurring substances like seaweeds 
have been recognized to have antioxidant abilities [20].     
  Total phenol content by Folin Ciocalteau Reagent and in 
vitro antioxidant capacity assays, such as the DPPH, ABTS 
and free radical scavenging assays (which were used in this 
study), represent convenient methods for the identification of 
potential sources of antioxidant compounds [21]. As already 
mentioned, seaweed polyphenols have significant potential 
health benefits; they may protect cell constituents against 
oxidative damage and therefore limit the risk of various 
degenerative diseases associated to oxidative stress such as 
cancer, cardiovascular disease and osteoporosis. However, 
the value of in vitro antioxidant capacity assays for assessing 
the health-related implications of a food extract has been 
limited for a number of reasons, mainly due to the lack of 
standardization amongst these methods, the changes in the 
antioxidant activity of Polyphenols. Nevertheless, this does 
not exclude antioxidant properties from being one of the key 
parameters in determining their biological effects [22].  
  The total phenolic content of T. ornata was of 43.72 暲 
1.63 mg gallic acid equivalents/g extract. The presence of 
phenolic compounds in the seaweed extracts T. ornata 
was tentatively detected by TLC and IR spectral analysis. 
Seaweed phenolics are effective free radical scavengers 
and antioxidants. Phenolic compounds are commonly found 
in the edible brown, green and red seaweeds in which the 
antioxidative property has been correlated to their phenolic 
content [23].
  Phenols are very important seaweed constituents because 
of their scavenging ability due to their hydroxyl groups [24]. It 
was reported that phenolic compounds were associated with 
antioxidant activity and play an important role in stabilizing 
lipid peroxidation [25]. A highly positive relationship between 
total phenols and antioxidant activity has been observed in 
many seaweed species [4,26-28]. The phenolic compounds may 
contribute directly to the antioxidative action [29]. Seaweed 
contains a variety of natural antioxidative compounds 
specially polyphenolic antioxidative compounds. In the 
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present study, the seaweed was shade dried before use. The 
carotenoids such as fucoxanthin present in brown seaweeds 
had been shown to possess antioxidative properties in lower 
levels in shade dried samples than in fresh freeze dried 
samples [30]. Hence, the observation of potential scavenging 
activity in the seaweed could be linked especially in the 
presence of polyphenolics rather than to carotenoids.
  Antioxidant potential of methanolic extracts of Turbinaria 
ornata was estimated using potassium ferric cyanide 
reduction method. The yellow colour of the test solution 
changes to various shades of green and blue, depending 
upon the reducing power of extracts. The presence of 
reductants causes the reduction of Fe3+/ Ferric complex to 
ferrous form. Therefore the Fe2+ complex can be monitored 
by measuring the formation of Perl’s Prussian blue at 700nm 
[31]. The reducing ability of a compound greatly depends on 
the presence of reductones, which have exhibit antioxidative 
potential by breaking the free radical chain by donating a 
hydrogen atom [29]. 
  The reducing capacity of T. ornata is a significant indicator 
of its potential antioxidant activity. Same trend has also 
been reported by Kumaran and Karunakaran [32], Kumar 
Chandini et al., [33] in methanolic extracts of higher plants, 
brown seaweeds from India. Total antioxidant activity of T. 
ornata phosphomolybdenum method. The results showed 
that T. ornata have the antioxidant activity of (88.17 暲 1.39) 
%. Oxidative damage within the cellular systems is a multi 
step process involving free radical chain initiation and 
propagation steps [34]. One of the mechanisms by which 
antioxidants bring about their action is by scavenging free 
radicals [35]. Hence it is important to assess the scavenging 
ability of the brown seaweed extracts. 
  In the present work, DPPH., ABTS.+, OH.-, NO., O2.- free radical 
assay systems were successfully used for the evaluation 
on the antioxidant activity of the crude extracts derived 
from Turbinaria ornata. 1, 1- Diphenyl-2-picrylhydrazyl 
(DPPH) is stable nitrogen centered free radical which can be 
effectively scavenged by antioxidants [36, 37]. Hence it has 
been widely used to test the ability of compounds as free 
radical scavengers or hydrogen donors [38] and to evaluate 
the antioxidant activity of plant extracts relative to other 
methods [22]. 
  The present investigation has shown that both the seaweed 
extracts being T. ornata which exhibited significantly higher 
DPPH scavenging activity [(84 暲 1.78) % inhibition] when 
compared with the highest concentration of standard gallic 
acid [(43.39 暲 1.31) % inhibition]. The result is indicative of 
the hydrogen donating ability of T. ornata. Since the effects 
of antioxidants on DPPH radical scavenging is thought to be 
due to their hydrogen donating ability [39].
  The results show that Turbinaria ornata has superoxide 
scavenging activity which can be of potential health 
interest as it may be effective in reducing the level of O2

.- 

which is elevated during oxidative stress in the body. O2
.- 

mediated oxidative stress is believed to be involved in the 

pathogenesis of cardiovascular disorders, diabetes mellitus, 
acute respiratory distress syndrome, neurodegenerative 
disorders like Alzheimer’s and Parkinson’s diseases. NO 
radicals play an important role in inducing inflammatory 
response and their toxicity multiplies only when they react 
with O2

.- radicals to form peroxynitrite, which damages 
biomolecules like proteins, lipids and nucleic acids [40]. 
Nitric oxide is generated when sodium nitroprusside 
reacts with oxygen to form nitrite. Seaweeds inhibit nitrite 
formation by competing with oxygen to react with nitric 
oxide directly.
  The methanolic extract of Turbinaria ornata [(39.8 暲 2.52) 
% inhibition] was higher than the standard gallic acid (33 暲 
2.07) % inhibition]. The present result suggest that Turbinaria 
ornata might be potent and novel therapeutic agents for 
scavenging of NO.- and the regulation of pathological 
conditions caused by excessive generation of NO.-  and its 
oxidation product peroxynitrite. The cell damaging action 
of hydroxyl radical is well known as it is the strongest 
among free radicals and it has short half life [41]. T. ornata 
exhibited the greatest scavenging effect of -OH. among the 
seaweeds but less than the standard gallic acid. -OH. is 
known to be capable of abstracting hydrogen peroxide from 
membranes and they bring about lipid peroxidation [42]. It 
is thus anticipated that T. ornata would show antioxidant 
effects against lipid peroxidation on biomembranes and 
would scavenge -OH. radicals at the stages of initiation and 
termination.
  Phenol, 2-[(1-phenylethyl)thio] represent a diverse group 
of pigment, widely distributed in nature. They serve as 
accessory pigments to harvest light for photosynthesis [43]. 
Moreover these types of pigments can give rise to rich in 
polyphenol compounds. Norisoprenoids resulting from 
the oxidative cleavage of carotenoids are signals in algae 
development, serve as antifungal and antibacterial agents 
and contribute to their flavor and arouma [43]. Some other 
Polyphenols such as ionone, dihyro actinidiode, 2, 3-Epoxy 
ionone and carotene have been reported as the most common 
marine seaweed norisoprenoids [44].
  Our observation leads to the conclusion that polyphenolic 
compounds could be taken into account for the strong 
free radical scavenging activity, which is in agreement 
with previous reports. Gulcin et al., [45] reported excellent 
correlation for medicinal plants when antioxidant activity 
was compared with total polyphenolic content. Hung 
and Yen [46] and Siddhuraju et al., [47] also suggested that 
polyphenolic content could be related to the antioxidant 
activities. Patricia [48] and Xianggun et al., [49] found that 
phenolics made a major contribution to the total antioxidant 
activity in seaweeds.
  Nagai and Yukimoto [50] revealed that phenolic compounds 
are one of the most effective antioxidants in brown algae. It 
has been earlier reported that some major active compounds 
from brown seaweed that have antioxidative properties 
are phlorotannins and fucoxanthin. Also, antioxidative 
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activities of brown seaweeds cannot be attributed to their 
characteristic pigment (fucoxanthin) or any other carotenoids 
alone [30].
  It is believed that the antioxidant properties of phenolics 
are a result of their ability to act as reducing agents, 
hydrogen donors and free radical quenchers and phenolics 
may act as metal chelators which prevent the catalytic 
function of metal in the process of initiating radicals [19]. It is 
possible that the antioxidant activity of T. ornate can be the 
result of their high concentration of phenolic compounds.
  On the basis of results in this study, it can be concluded 
that the methanolic extracts of T. ornata is capable of 
scavenging a wide range of synthetic and naturally occurring 
free radicals. It is evident from the present study that the 
Methanolic extracts of T. ornata could be utilized as a 
good natural source of antioxidants and a possible food 
supplement or as an antimicrobial agent in pharmaceutical 
industry. However the active components responsible for 
the antimicrobial activities need to be evaluated. The data 
may contribute to a rational basis for the use of antioxidant 
rich marine algal extracts in the therapy of diseases related 
to oxidative stress. In addition, the results indicate that 
phenolic compounds might be major contributors to the 
antioxidant activities of T. ornata. The finding of the current 
report appear useful for further research aiming to isolate, 
identify and characterize the specific phenolic compounds 
in Turbinaria ornata for its industrial and pharmaceutical 
applications.   

Conflict of interest statement

  We declare that we have no conflict of interest.

Acknowledgements

  The authors are thankful to Prof. S. Baskaran, Principal and 
Prof. D. Prabhu, Head, Department of Microbiology, Ayya 
Nadar Janaki Ammal College (Autonomous), Sivakasi for 
providing all facilities.

References

[1]    Caroline Delma, Karthikeyan Ramalingam, Vijayabaskar Pandian, 
Albert Baskar, Ignacimuthu Savarimuthu, Balasubramanian 
Thangavelu, et al. Abstract A5: Inhibition of tumor cell migration 
and angiogenesis by sulphated polysaccharides from Sargassum 
wightii (Greville). Cancer Prevention Res 2008; 1: doi: 10.1158/1940-
6207.PREV-08-A5.

[2]     Ye H, Wang K, Zhou C, Liu J, Zeng X. Purification, antitumor 
and antioxidant activities in vitro of polysaccharides from the 
brown seaweed Sargassum pallidum. Food Chemistry 2008; 111(2): 
422-432.

[3]    Lekameera R, Vijayabaskar P, Somasundaram ST. Evaluating 
antioxidant property of brown alga Colpomenia sinuosa (Derb. Et 
sol). African J of Food Sci 2008; 2: 126-130. 

[4]    Oktay M, G觠lcin I, K觠frevioglu 觟. Determination of in vitro 
antioxidant activity of fennel (Foeniculum vulgare) seed extracts. 
Leben Wissen and Technologie 2003; 36: 263-271.

[5]    Lekameera R, Vijayabaskar P, Somasundaram ST. Potential 
antioxidant activity of brown alga Loboohora varie. Seaweed Res 
Utiln 2007; 29(1&2): 55-61.

[6]    Abdala Diaz RT, Cabello-Pasini A, Perez-Rodriguez E, Conde 
Alvarez RM, Figueroa FL. Daily and seasonal variations of 
optimum quantum yield and phenolic compounds in Cystoseira 
tamariscifolia (Phaeophyta). Mar Biol 2006; 148: 459-465.

[7]    Senevirathene MS, Hyun Kim N, Siriwardhana J, Hwan HK, Wan 
L, Jin Jeon Y. Antioxidant potential of Eclinia cava on reactive 
oxygen species scavenging, metal chelating, reducing power and 
lipid peroxidation inhibition. Food Sci Tech Int 2006; 12(1): 27-38. 

[8]    Athukorala Y, Kil-Nam K, You-Jin J. Antiproliferative and 
antioxidant properties of an enzymatic hydrolysate from brown 
alga, Ecklonia cava. Food and Chemical Toxicology 2006; 44: 
1065-1074. 

[9]    Prieto CD, Calligaris S, Celloti E, Nicoli MC. Antiradical 
properties of commercial cognacs assessed by the DPPH test. J of 
Agri Food Chem 1999; 48: 4241-4245.

[10]  Katalinic V, Milos M, Kulisic T, Jukic M. Screening of 70 
medicinal plant extracts for antioxidant capacity and total 
phenols. Food Chem 2006; 94: 550-557.

[11]  Blois MS. Antioxidant determinations by the use of a stable free 
radical. Nature 1958; 181: 1199-1200.

[12]  Re R, Pellagrini N, Proteggente A, Pannala A, Yang M, Evans CR. 
Antioxidant activity applying an improved ABTS radical cation 
decolorizing assay. Free Radical Biol & Med 1999; 26: 1231-1237.

[13]  Kunchandy and Rao. Antioxidant properties of dried kayamo-
nori, a brown alga Scytosiphon lomentaria. Food Chem 1990; 89: 
617-622.

[14]  Yuan YV, Walsh NA. Antioxidant and antiproliferative activities 
of extracts from a variety of edible seaweeds. Food & Chem 
Toxicol 2006; 44: 1144-1150. 

[15]  Nishimiki M, Rao NA, Yagi K. The occurrence of superoxide anion 
in the reaction of reduced phenazine methosulfate and molecular 
oxygen. Biochem Biophys Res Commun 1972; 46: 849-853.

[16]  Gulcin I. Antioxidant and antiradical activities of L- Carnitine. 
Life Sciences 2006; 78: 803-811.

[17]  Alekseyenko TV, Zhanayeva SY, Vendiktova AA, Zvyagintseva 
TN, Kuznetsova TA, Besednova N. Antitumor and antimetastatic 
activity of fucoidan, a sulfated polysaccharide isolated from the 
Okhotsk sea Fucus evanescens brown alga. Bull Exp Biol & Med 
2007; 147: 730-732.

[18]  Chew YL, Lim YY, Omar M, Khoo KS. Antioxidant activity of three 
edible seaweeds from two areas in South East Asia. LWT-Food 
Sci Technol 2008; 41: 1067-1072.

[19]  Wu XJ, Hansen C. Antioxidant capacity, phenolic content, 
polysaccharide content of Lentinus edodes grown in Whey 
permeate based submerged culture. J Food Sci 2008; 73: 434-438.

[20]  Dastmalchi K, Dorman HJD, Kosar M, Hiltunen R. Chemical 



Vijayabaskar. P et al ./Asian Pacific Journal of Tropical Biomedicine (2011)S90-S98S98

composition and in vitro antioxidant evaluation of a water soluble 
Moldavian balm (Dracocephalum moldavica L) extract. Food 
Science and Techn 2007; 40: 239-248.

[21]  Stratil P, Klejdus B, Kubanhacek V. Determination of total 
content of phenolic compounds and their antioxidant activity in 
vegetables evaluation of spectrophotometric methods. J of Agri 
and Food Chem 2006; 54: 607-616.

[22]  Gopalraj Karthikai Devi, Karunamoorthy Manivannan, Ganapathy 
Thirumaran, Fatimson Arockiya, Aarthi Rajathi, Perumal 
Anantharaman. In vitro antioxidant activities of selected seaweeds 
from Southeast coast of India. Asian Pac J Trop Med 2011; 205-
211. 

[23]  Ganesan P, Kumar CS, Bhaskar N. Antioxidant properties of 
methanol extract and its solvent fractions obtained from selected 
Indian red seaweeds. Bioresour Technol 2009; 99: 2717-2723. 

[24]  Wanga T, Jonsdottir R, Olafsdottir G. Total phenolic compounds, 
radical scavenging and metal chelation of extracts from Icelandic 
seaweeds. Food Chemistry 2009; 116: 240-248.

[25]  Yuan VY, Bone ED, Carrington FM. Antioxidant activity of Dulse 
(Palmaria palmate) extract evaluated in vitro. Food Chemistry 
2005; 91: 485-494. 

[26]  Kaur IP, Geetha T. Screening methods for antioxidants - A 
Review. Mini Reviews in Med Chem 2006; 6: 305-312. 

[27]  Duan XJ, Zhang WW, Li XM, Wang BG. Evaluation of antioxidant 
property of extract and fractions obtained from a red alga, 
Polysiphonia urceolata. Food Chem 2006; 95: 37-43.

[28]  Heo SJ, Park EJ, Lee KW, Jeon YJ. Antioxidant activities of 
enzymatic extracts from brown seaweeds. Bioresour Echnol 2005; 
96: 1613-1623.

[29]  Tao Wang, Rosa Jonsdottir, Guorun Olafsdottir. Total phenolic 
compounds, radical scavenging and metal cheatation of extracts 
form Icelandic seaweeds. Food Chem 2009; 116: 240-248.

[30]  Solene Connan, Eric Deslandes, Erwan Ar Gall. Influence of 
day-night and tidal cycles on phenol content and antioxidant 
capacity in three temperate intertidal brown seaweeds. Journal of 
Experimental Marine Biology and Ecology 2007; 349: 359-369.

[31]  Chung Y, Chang C, Chao T, Lin CF, Chou ST. Antioxidative 
activity and safety of the 50% ethanolic extract from red bean 
fermented by Bacillus subtilis. J of Agric Food Chem 2002; 50: 
2454-2458.

[32]  Kumaran A, Karunakaran RJ. In vitro antioxidant properties of 
methanol extracts of five Phillanthus species from India. Lebens 
Wissen and Technologie 2007; 40: 344-352.

[33]  Kumar Chandini S, Ganesan P, Bhaskar N. In vitro antioxidant 
activities of three selected brown seaweeds of India. Food Chem 
2008; 107: 707-713. 

[34]  Valko M, Leibfritz D, Moncol J, Cronin M, Milan Mazura, Joshua 
Telser. Free radicals and antioxidants in normal physiological 
functions and human disease. Inter J of Biochem and Cell Biol 
2007; 39: 44-54.

[35]  Dastmalchi K, Dorman HJD, Kosar M, Hiltunen R. Chemical 
composition and in vitro antioxidant evaluation of a water soluble 

Moldavian balm (Dracocephalum moldavica L) extract. Food 
Science and Techn 2007; 40: 239-248.

[36]  Cumashi A,  Ushakova NA, Preobrazhenskaya ME, D-Incecco 
A, Piccoli A, Totani L, et al. A comparative study of the anti-
inflammatory, anticoagulant, antiangiogenic, and antiadhesive 
activities of nine different fucoidans from brown seaweeds. 
Glycobiol 2007; 17(5): 541-552.

[37]  Jao CH, Ko WC. 1,1-Diphenyl-2- picrylhydrazyl (DPPH) radical 
scavenging by protein hydrolyzates from tuna cooking juice. Food 
Sci 2002; 68: 430-435.

[38]  Porto C, Calligaris S, Celotti E, Nicoli MC. Antiradical properties 
of commercial cognags assessed by the DPPH.  test.  J Agric Food 
Chem 2000; 48: 4241-4245

[39]  Conforti F, Loizzi MR, Statti GA, Menichini F. Comparative radical 
scavenging and antidiabetic activities of methanolic extract 
and fractions from Achillea Ligustica. Bio Pharm Bull 2005; 28: 
1791-1794.

[40]  Singh G, Maurya S, de Lampasona MP, Catalan C. Chemical 
constituents, antifungal and antioxidative potential of Foeniculum 
vulgare volatile oil and its acetone extract. Food Con 2006; 17: 
745-752.

[41]  Koppenaol WH, Liebman JF. The oxidizing nature of the hydroxyl 
radical. A comparison with the ferryl ion (FeO2-). J Phys Chem 
1984; 88: 99-101.

[42]  Kitada M, Igarashi K, Hirose S, Kitagawa H. Inhibition of lipid 
peroxide formation by polyamines in rat liver microsomes. 
Biochem Biophys Res Commun 1979; 87: 388-394.

[43]  Lu S, Li L. Biosynthesis, regulation and beyond. J Life Sci 2008; 
50: 778-785.

[44]  Ye H, Wang K, Zhou C, Liu J, Zeng X. Purification, antitumor and 
antioxidant activities in vitro of polysaccharides from the brown 
seaweed Sargassum pallidum. Food Chem 2008; 111(2): 422-432.

[45]  Gulcin I, Sat IG, Beydemi S, Kufrevioglu OI. Evaluation of the 
in vitro antioxidant properties of extracts of Broccoli (Brassica 
oleraceal). Indian J Food Sci 2004; 16: 17-30.

[46]  Hung CY, Yen GC. Antioxidant activity of phenolic compounds 
isolated from Mesona procumbens Hemsl. J of Agricul and Food 
Chem 2002; 50: 2993-2997.

[47]  Siddhuraju P, Mohan PS, Becker K. Studies on the antioxidant 
activity of Indian Laburnum (Cassia fistula L.): a preliminary 
assessment of crude extracts from stem bark, leaves, flowers and 
fruit pulp. Food Chem 2002; 79: 61-67.

[48]  Patricia Matanjun, Suhaila Mohamed, Noordin Mohamed, 
Kharidah Muhammad, Cheng Hwee Ming. Antioxidant activities 
and phenolics content of eight species of seaweeds from north 
Borneo. J Appl Phycol 2008; 20: 367-373.

[49]  Xianggun G, Lars B, Viktor T, Madeleine U. Evaluation of 
antioxidant activities of rosehip ethanol extracts in different test 
systems. J of the Sci of Food and Agricu 2000; 80: 2021-2027.

[50]  Nagai T, Yukimoto T. Preparation and functional properties of 
beverages made from sea algae. Food Chem 2003; 81: 327-332. 


