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ABSTRACT

Antioxidant activity of edible species of seaweeds consisting of green
seaweeds (Chaetomorpha media and Enteromorpha intestinalis), brown
seaweeds (Padina tetrastromatica and Dictyota dichotoma) and red
seaweeds (Gracilaria corticata and Gelidiella acerosa) was determined using
methanol and ethanol as extraction media. FRAP, ferrous ion chelating
activity, DPPH assay, reducing power and total antioxidant capacity along
with the total phenolic content were determined in ethanol and methanol
extracted seaweeds. The methanolic extract of Enteromorpha intestinalis
and ethanolic extract of Dictyota dichotoma had an appreciable radical
scavenging activity, total antioxidant activity and reducing power than the
other seaweeds. There was a significant correlation between the DPPH
activity scored from the methanolic seaweed extracts, total antioxidant
capacity analyzed from ethanolic extracts and the total phenol content ( R
=0.769 and 0.782 resp.).

Keywords: Seaweeds, Antioxidant activity, FRAP, DPPH, Phenols, TAC,
Ferrous ion chelating activity.
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1. INTRODUCTION:

Marine algal compounds are reported to possess combination of light and oxygen that leads to the

antioxidant properties which have multiple functions in
biological systems, such as defense against oxidative
damage and participation in the signaling pathways of
cells ™ One of the major actions of antioxidants in cells is
to prevent damage caused by the action of reactive
oxygen species (2 Oxidative stress and reactive oxygen
species have been associated with the onset of a variety of
chronic diseases in humans ®. Free radicals are
responsible for aging and their presence in excess
constitutes the cause of various human diseases.

Seaweeds are known to be a rich source of antioxidant
compounds * > ® Marine algae are exposed to a

formation of free radicals and other strong oxidizing
agents " ® put absence of the oxidative damage in the
structural components ( Polyunsaturated fatty acids) of
seaweeds ' ¥ and their stability to oxidation during
storage, ? suggest that their cells have protective
antioxidative defense systems ™. Phenolic compound
such as flavonoids, phenolic acids and tannins are
considered to be the major contributor to the antioxidant
capacity of plants. In edible brown, green and red
seaweeds antioxidant properties have been correlated to
their phenolic content &% 3],
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In the present study antioxidant potential of six species of
seaweeds is investigated and discussed by measuring the
ferric reducing antioxidant power, reducing power, DPPH
assay, total antioxidant capacity and ferrous ion chelating
activity. It is worthwhile to carry out more than one type
of antioxidant activity measurement as various
mechanisms for combating oxidative damage are in
progress at a time in cells ** ™! and a single assay may not
accurately reflect all of the radical sources or all
antioxidants in a mixed or complex system !®. Total
content of phenols is also estimated in these seaweeds
using the classical Folin-Ciocalteu reagent and the
relationship between the antioxidant capacities and
phenolic content is also predicted.
2. MATERIALS AND METHODS
2.1 Collection and preparation of algal extracts
Fresh, mature thalli of Chaetomorpha media ( C. Agardh)
Kutz, Enteromorpha intestinalis (L.) Nees, Padina
tetrastromatica Hauck, Dictyota dichotoma (Hudson)
Lamouroux, Gracilaria corticata (). Agardh) and Gelidiella
acerosa (Forsskal) J.Feldmann & G. Hamel were collected
during the low tide from submerged marine rocks at
Kunakeshwar ( 164'0.120’N latitude and 7328’0.120°E
longitude ) in Sindhudurg district along the west coast of
Maharashtra ( India). Collected samples were washed
thoroughly with fresh water to remove salt, sand particles
and epiphytes. It was then dried in shade and ground to
obtain a fine powder. One gram of algal powder was
extracted in 10 ml of solvent (methanol or ethanol) for
24h on a rotary shaker. The extract was filtered through
Whatman no.1 filter paper and stored in glass vials in
refrigerator at 0-4°C 7.,
2.2 DPPH radical scavenging activity
DPPH (2, 2- diphenyl -1- picrylhydrasyl) radical scavenging
activity was determined according to the method of Wang
et al. "8, 0.5ml of extract was mixed with 3ml of 25mM
DPPH solution prepared in methanol and incubated for 30
min. in the darkness at room temperature. Then
absorbance was measured at 517 nm against a blank of
methanol without DPPH. Methanol with DPPH solution
was used as the control. Results are expressed as percent
inhibition of the DPPH radical and calculated using the
following formula.

Abs. (Control) — Abs. (Sample)
x 100

DPPH activity (%) =
Abs. (Control)

2.3 Ferric reducing antioxidant property (FRAP)

FRAP assay was performed according to the method given
by Benzie & Strain "’ Antioxidant activity of the standard
was estimated by measuring increased absorbance caused
by generated ferrous ions. The working FRAP reagent
contained 0.3M acetate buffer (pH 3.6), 10mM TPTZ
(2,4,6-tri(2-pyridyl)-S-triazine), 40mM HCl and 20mM Fecl;,
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6H,0 in the ratio of 10:1:1 (freshly prepared and warmed
to 37°C.) 2.7 ml of this working solution was mixed with
100 pl of algal extract to initiate the reaction. Absorbance
was recorded after 10 min. at 593 nm. Antioxidant
capacity is expressed as ascorbic acid equivalent.
2.4 Ferrous ion chelating ability
Ferrous ion chelating ability was determined according to
the method of Decker & Welch ?”. 0.5 ml of individual
algal extract was mixed with 0.1 ml of 2mM Fecl, 0.2 ml of
5mM ferrozine solution and reaction mixture was
incubated for 10 min. at room temperature. Absorbance
was measured at 562 nm. Percentage of chelating ability
was calculated using the following equation.
A (Sample)
Ferrous ion chelating ability (%) =1 - ------------------ x 100
A (Control)
2.5 Reducing power:
Reducing power of the extract was evaluated according to
the method of Yen & Chen . This assay measures the
total antioxidant capacity of the sample evaluating the
redox potentials of the compounds. Extract was mixed
with one ml phosphate buffer (0.2M, pH 6.6) and one ml
1% potassium ferricyanide and incubated at 50°C for 20
min. After cooling it was mixed with 1ml of trichloroacetic
acid (10%). 1.5 ml of this mixture was transferred to other
test tube to which 1.5 ml distilled water and 0.5 ml Fecl;,
6H,0 (0.1%) were added. The mixture was centrifuged and
kept at room temperature for 10 min. before recording
the absorbance at 700 nm. The results are expressed as
ascorbic acid equivalent per gram of sample.
2.6 Total antioxidant capacity
Total antioxidant capacity (TAC) was determined according
to Prieto et al ®2. The extract (100 mg/ml) was mixed with
3 ml reagents containing 0.6 M H,SO, 28mM sodium
phosphate and 4mM ammonium molybdate and
incubated at 95°C for 90 min. in water bath. The
absorbance was recorded at 695 nm. Results are
expressed as ascorbic acid equivalent per gram of sample.
2.7 Determination of phenolic content:
Total content of phenolic compounds of algal extracts was
determined spectrophotometrically using Folin Ciocalteu
reagent as per the method described by Sadasivam &
Manickam 2! Extract (0.5ml) was diluted to 3ml with
distilled water and mixed with 0.5ml of folin ciocalteu
reagent. After three min. 2ml of 20% sodium carbonate
were added and the contents were thoroughly mixed.
Then it was placed in a boiling water bath for exactly one
min., cooled and then absorbance was recorded at 650 nm
against a reagent blank. Total amount of phenols was
calculated based on a standard curve of catechol and
expressed in mg/100gm of dry weight.
3. RESULTS
3.1 DPPH assay:
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This assay is used to test the ability of the antioxidant
compounds present in the algal extracts to function as
proton radical scavengers or hydrogen donors ?*. DPPH
activity exceeded 60% in all the seaweeds in the present
study when ethanol extract was tested. In the methanol
extracted samples DPPH activity was less but more than
50% except in C. media. Similar observations were
reported by Senthilkumar & Sudha ' for methanol
extracted Chaetomorpha linum which contained 45.32 %
DPPH activity. The ethanolic extract of green and red
seaweeds exhibited a high scavenging activity (73— 88 % &
68— 80 % resp.) in the present study. It was interesting to
note that ethanolic extract of brown seaweeds exhibited
slightly higher DPPH activity (59.39% & 63.54 %) than the
methanol extract (58.74% & 64.71%). The DPPH
scavenging activity of a commercial antioxidant ascorbic
acid was 94.75% when used at a concentration of
10mg/ml. A higher DPPH scavenging capacity in brown
and green seaweeds compared to red seaweeds has been
reported in several studies *® #” % In the present study
DPPH activity was consistently higher in methanolic
extracts of Phaeophyta and Rhodophyta members. A High
DPPH scavenging activity has also been reported by
Ganesan et al.”in green, brown and red seaweeds.

3.2 FRAP assay:

FRAP method is based on the comparison of the total
amount of antioxidant with the reducing capacity of the
sample. The FRAP assay revealed a maximum antioxidant
activity in ethanolic extract of both the brown algae (1.16
mg/g) and methanolic extract of red alga G. corticata
(1.076 mg/g). In green algal extracts the activity was more
or less similar in both the solvents. Methanolic extract of
P. tetrastromatica also exhibited a high FRAP value
(0.96mg/g). High FRAP values for brown seaweeds
Sargassum polystum and Padina sp. have been shown by
Matanjun 3]

3.3 Ferrous ion chelating activity:

The ferrous ion chelating ability of methanolic and
ethanolic extract is shown in Tables 1&2. Metal chelating
ability of seaweed extract was tested at a concentration of
100mg/ml. The ethanol extracted samples showed a
higher ferrous ion chelating ability than the methanolic
samples. The activity was 70-80% in most of the seaweeds
studied. For Chaetomorpha both the extracts exhibited a
lower value of FIC (34%). Budhiyanti et al % have
reported a higher ferrous ion chelating ability in
Sargassum hystrix. An extract with higher binding ability
would prevent or inhibit reaction such as fenton type
reaction which generates reactive hydroxyl radicals 5

3.4 Reducing power:

The reducing power of the methanolic extract of all
species was high and ranged from 0.624 — 1.088 mg/g. In
the ethanolic samples it was remarkably less. Methanolic
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extract of D. dichotoma (1.088mg/g) and E. intestinalis
(1.019mg/g) had the maximum reducing power than all
other seaweeds under investigation. The reducing
property indicated that the antioxidant compounds are
electron donors and can reduce the oxidized
intermediates of the lipid peroxidation process. So that
they can act as primary and secondary antioxidants 321

3.5 Total antioxidant capacity:

The total antioxidant activity was remarkable in
methanolic extract of all the six species of seaweeds and it
was greater than 100mg/ml. Maximum value was scored
in C. media and P. tetrastromatica (211.20 mg/g & 144.33
mg/g resp.). In ethanolic extract of D. dichotoma the
highest antioxidant activity (112.54 mg/g) was recorded.
Ganesan et al ® have also noticed a higher total
antioxidant capacity in the methanolic extract of several
brown and green seaweeds.

3.6 Total phenolic content:

In the present study phenolic content was found higher in
methanolic extracts than in ethanolic (Tables 1& 2). In
both the green algal ethanolic extracts phenolic content
was less as compared to other species. Maximum phenols
were present in the methanolic extract of E. intestinalis
(3.72 mg/g) and G. acerosa (3.50 mg/g). Ethanolic extract
of D. dichotoma (3.24 mg/g) presented a higher value of
phenolic content. In members of Chlorophyta phenolic
content was very less than in the members of Phaeophyta
32]

Correlation between the total phenolic content and the
antioxidant capacity was used to compare the sensitivity
of the relevant tests as shown in fig. 1. From the graph it
is clear that the correlation between the total phenolic
content and antioxidant capacity scored from the DPPH
assay in methanol extract is the highest (R°= 0.769) and
with FRAP assay is the lowest (R’= 0.018). In ethanolic
extract the correlation between phenolic content and
total antioxidant capacity is maximum (R?= 0.782) and
with FRAP assay is minimum (R’= 0.401). The correlation
between total antioxidant capacity and phenolic content
was positive and very significant in ethanol extracted
samples whereas it was negative in the methanol
extracted seaweeds.

Recently many studies have shown that phenolic
compounds such as flavonoids, isoflavone, anthocyanins
and lignins are known to be important inhibitors of
oxidative molecules. These phenolic compounds have
many hydroxyl groups in their structure and have ability to
catch free radicals ®3. The lower correlation between
FRAP values and the phenolic contents in both the
seaweed extracts indicated that only the phenolic
compounds are not involved in the antioxidant activity
through this pathway but there might be some effects
involving other active compounds.
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This study showed that C. media, E. intestinalis, P.
tetrastromatica, D. dichotoma, G. corticata and G. acerosa
possessed varying degrees of antioxidative activities in
methanol and ethanol extracts. The methanolic and
ethanolic extracts of green seaweeds E. intestinalis and

the brown seaweed D. dichotoma showed a better ferrous
ion chelating activity, total antioxidant capacity and
reducing power ability and a higher phenolic content to
correlate with.

Sr.no Seaweeds DPPH FRAP Reducing Power  Ferrous ion Total antioxidant Phenolic
(% inhibition) (mg AA/g) (mg AA/g) chelating capacity content
capacity (%) (mg AA/g) (mg CE/g)

1 Chaetomorpha 34.46 £0.10 0.571+ 0.002 0.624+ 0.001 27.60+ 0.10 211.20 £ 0.005 2.77 £0.005
media

2 Enteromorpha 75.56 £ 0.63 0.631+ 0.002 1.088 £ 0.002 73.20+£0.10 159.91 £+ 0.38 3.72+0.02
intestinalis

3 Padina 64.71+£0.10 0.964+ 0.006 1.019 £ 0.002 72.00+0.10 14433 +0.21 3.40 £ 0.005
tetrastromatica

4 Dictyota dichotoma  58.74 +0.10 0.691+ 0.001 0.847 £ 0.003 71.70£0.10 134.54 £0.38 3.38 £0.005

5 Gracilaria corticata  50.47 £ 0.15 1.07640.001 0.682 +0.001 47.20+0.10 112.54 £0.52 2.87 £ 0.005

6 Gelidiella acerosa 53.80£0.10 0.853+ 0.004 0.746 + 0.005 48.40 +0.10 86.88 + 0.032 3.50 £ 0.032

Table 1: Antioxidant properties of seaweeds in methanolic extract
Values represent mean of three observations with standard deviation (SD) +

Sr.no Seaweeds DPPH FRAP Reducing Power Ferrous ion Total antioxidant Phenolic
(% inhibition) (mg AA/g) (mg AA/g) chelating capacity content
capacity (%) (mg AA/g) (mg CE/g)

1 Chaetomorpha 88.06 £ 0.10 0.554 + 0.001 0.167 +0.0005 34.76 £ 0.30 37.35+ 0.28 1.13 + 0.005
media

2 Enteromorpha 73.07 £0.15 0.688 + 0.002 0.120 + 0.0005 68.26 £ 0.30 55.08 £ 0.51 1.41 + 0.005
intestinalis

3 Padina 63.54 £0.15 1.168 £ 0.003 0.208 + 0.0005 71.60 = 0.36 62.97 £0.28 1.74 £ 0.00
tetrastromatica

4 Dictyota dichotoma 59.39 +0.15 1.165 £ 0.0032 0.331 £ 0.0005 79.73 £ 0.58 109.27+ 0.86 3.24 £ 0.005

5 Gracilaria corticata 80.07 £0.15 0.763 £ 0.001 0.256 + 0.001 76.63 £ 0.35 90.13+0.40 1.74 +£0.00

6 Gelidiella acerosa 68.31+£0.10 0.797 £0.0015 0.147 £ 0.001 75.80 = 0.51 76.02 £ 0.37 1.83 £ 0.005

Table 2: Antioxidant properties of seaweeds in ethanolic extract
Values represent mean of three observations with standard deviation (SD)
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Fig 1: Correlation between the content of total phenols in methanolic
seaweed extract and their antioxidant capacity as determined by
DPPH method (A), FRAP assay (B), Ferrous ion chelating ability (C),
Reducing power (D) and Total antioxidant capacity(E).
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