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ABSTRACT

Four species of seaweed, Sargassum binderi Sonder, Amphiroa sp., Turbinaria conoides (J. Agardh) Kuzting and Halimeda
macroloba Decaisne, were collected from the Gulf of Thailand. Seaweeds were extracted with water or ethanol and examined
for phenolic compounds and antioxidant activities by measuring the scavenging activity of both ABTS and DPPH radicals. In
general, the aqueous extracts (AE) showed higher antioxidant activities and phenolic contents than ethanolic extracts (EE).
Therefore, AE were chosen for three additional assays: superoxide anion scavenging assay, anti-lipid peroxidation in liver
homogenate and reducing power. T. conoides extract showed the highest antioxidation activity in all assays. Therefore, the
dried T. conoides had a potential to antioxidative agent in nutraceutical products. © 2011 Friends Science Publishers
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INTRODUCTION

Humans are impacted by many free radicals both from
inside our body and surrounding environments, particularly
reactive oxygen species (ROS). ROS can be generated by
several metabolic pathways in cells (endogenous sources).
ROS constitutes superoxide (Oy), hydroxyl (HO®) and
hydrogen peroxide (H,O,). Furthermore, free radicals also
produced by other several other pathways (exogenous
sources), ionizing radiation, UV light, cigarette smoke,
industrial waste and pollutants. The ROS and free radicals
can be reduced by the defensive activity of antioxidants
present in tissues (Halliwell & Cross, 1994; Cervantes-
Cervantes et al., 2005). The steady state levels of ROS are
maintained in cells by the activity of antioxidant defense
system. However, under stress conditions this delicate
balance is disturbed and caused enhanced production of
ROS (Betteridge, 2000). These ROS can damage essential
bio-molecules: proteins, DNA and lipids and caused various
human diseases for instance, atherosclerotic (Wu et al.,
1998). Lipid oxidations frequently occur in our body,
especially in cell membrane phospholipids. The high level
of polyunsaturated fatty acid and methylene groups in their
double bonds make them sensitive to oxidation, which
causes the free radical chain reaction (Valko et al., 2004).
Malondialdehyde (MDA) is the most important aldehyde
product from lipid peroxidation. Therefore, MDA has been

used to reflect lipid peroxidation levels in clinical diagnosis
(Fukunaka et al., 1995).

Natural antioxidants are found in some vegetables,
fruits and a variety of other foods (Moon & Shibamoto,
2009). Specifically, many researchers reported the finding
of various antioxidants present in seaweeds, for example
polysaccharides, dietary fibers, minerals, proteins, amino
acids, vitamins, polyphenols and carotenoids (Burtin, 2003).
Seaweed produces various types of antioxidant to counteract
environmental stresses (Lesser, 2006). Therefore, seaweed
is a potential source of novel antioxidants. In addition,
natural antioxidants are more acceptable than synthetic
antioxidants as these antioxidants do not contain chemical
contaminants and display a variety of beneficial functions.
Thus, natural antioxidants are considered safe for use as
ingredients in medicine, dietary supplements, nutraceuticals
and cosmetics with the objective of improving consumer
health, reducing the effects of harmful diseases and other
broader aspects of immune system function (Shahidi, 2009).
The antioxidant activity of several seaweeds has been
reported from research conducted in various countries, such
as Malaysia (Matanjun et al., 2008), Indonesia (Santoso et
al., 2004), India (Chandini et al., 2008), Korea (Heo et al.,
2005) and Japan (Matsukawa et al., 1997). Recently, the
seaweed from the southern coast of Thailand (Yangthong et
al., 2009) and the Andaman Sea (Amornlerdpison et al.,
2007; Peerapornpisal et al., 2010) were studied for their
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antioxidant activities. However, seaweeds found on the east
coast of the Gulf of Thailand have not yet been investigated.
Thus, it is likely that seaweeds from the east coast of the
Gulf of Thailand would contain antioxidative agents worth
investigating. This study was aimed to evaluate the
antioxidative potential of four seaweeds: Division
Pheaophyta: Sargassum binderi Sonder and Turbinaria
conoides (J. Agardh) Kigzting, Division Rhodophyta:
Amphiroa sp. and Division Chlorophyta: Halimeda
macroloba Decaisne, which are all considered common
species found along the east coast of the Gulf of Thailand.
These four seaweeds may be seen by locals as less than
valuable, but also may present many inconveniences for
local fisherman. Once studied, if they show promising
antioxidant activities, the seaweed extract can be used as
antioxidative agents in cosmeceutical or nutraceutical
products which can increase the value of an otherwise
worthless weed.

MATERIALS AND METHODS

Sample collection: Four species of seaweeds were collected
from various parts of the Gulf of Thailand in May 2007.
Sargassum binderi Sonder was collected from Salak Phet
Bay, Koh Chang, Trat Province. Amphiroa sp. was collected
from Yang Bay, Laem Sing District, Chanthaburi Province.
Turbinaria conoides (J. Agardh) Kiizting was collected
from Nang Rong Beach, Samae San Sub-district, Chonburi
Province and Halimeda macroloba Decaisne was collected
from Khao Ma Jor, Samae San Sub-district, Chonburi
Province.

Preparation of extract from seaweeds: Fresh seaweeds
were clean from epiphytes, salt and sand before being dried
at 55°C for 48 h. Dried seaweed was ground into a fine
powder. Preparations of extract were modified from
Senevirathne et al. (2006). Dried seaweed (100 g) was
soaked in 1000 mL of distilled water or ethanol and kept in
a shaking incubator at 25°C for 3 days and the suspension
was then filtered through Whatman No. 1 filter paper. The
re-extraction process was repeated 3 times. The solvent was
pooled, evaporated and lyophilized. The dried extract was
dissolved in distilled water or ethanol for different assays.
Antioxidant Activities Screening of Aqueous and
Ethanolic Seaweed Extracts

ABTS (2, 2’-azino-bis3-ethylbenzthiazoline-6-sulfonic)
radical cation decolorization assay: The ABTS radical
anion scavenging assay was carried out by the method of Re
et al. (1999) with some modifications. The ABTS reagent
was prepared by mixing 5 mL of 14 mM ABTS with 5 mL
of 4.9 mM K,S,0g. The mixture was kept in the dark at
room temperature for 16 h. The absorbance was adjusted
with distilled water to 0.700 + 0.02 at 734 nm. To determine
the scavenging activity, 1 mL ABTS reagent was added to
10 pL of different concentrations of seaweed extract and
absorbance was measured at 734 nm at 3 min interval of.
Trolox was used as standard. Percentage inhibition of the
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sample was calculated by the following equation:
% Inhibition = [ (Ao — A)/Ag ] x 100

A, expresses the absorbance of control; A; expresses
the absorbance of the tested seaweed extract. The ABTS
radical anion scavenging assay was expressed as trolox
equivalent antioxidant capacity (TEAC) and defined as mg
of trolox equivalents per 1 g of sample.

DPPH (1, 1-Diphenyl-2-picryl-hydrazyl) radical-
scavenging assay: The DPPH radical-scavenging activity
assay was performed after Hou et al. (2001) with some
modifications. A 1.2 mL extract of different concentrations
were added to 0.1 mL of 1 M Tris-HCI buffer (pH 7.9) and
mixed with 1.2 mL of 5 mM DPPH in MeOH and kept in
the dark at room temperature for 30 min. The absorbance of
the resulting solution was measured at 517 nm. Gallic acid,
a phenolic organic acid, was used as a standard. The
decrease of absorbance at 517 nm was calculated as the
percentage of inhibition by the same equation of the ABTS
assay, expressed as gallic acid equivalent (GAE) and
defined as mg of gallic acid equivalents per 1 g of sample.
Determination of total phenolic content: The
concentration of phenolic compounds was measured by the
Folin-Ciocalteu method (Chandler & Dodds, 1983).
Aqueous extracts (AE) and the ethanolic extracts (EE) 250
pL each of seaweed was mixed with 1250 L deionized
water, 250 pL ethanol and 125 pL of the Folin-Ciocalteu
reagent. The mixture was incubated at room temperature for
5 min and then 250 pL of 5% Na,CO; was added. The
mixture was kept in the dark at room temperature for 1 h.
Absorbance was measured at 725 nm. The content of
phenolic compounds was standardized with gallic acid and
defined as mg of gallic acid equivalents per 1 g of sample.
Anti-lipid peroxidation in liver homogenate: Lipid
peroxide formation was measured (lipid peroxidation assay)
by the method of Hattori et al. (1993). The reaction
mixtures contained 0.5 mL of 10 mg protein/mL rat liver
homogenate, 0.1 mL of 150 mM Tris—HCI buffer (pH 7.2),
0.05 mL of 0.1 mM ascorbic acid, 0.05 mL of 4 mM FeCl,
and 0.05 mL of different concentrations of seaweed AE.
The mixture was incubated at 37°C for 1 h. After the
incubation, 0.9 mL of distilled water and 2 mL of 0.6%
TBA were added and then the samples were shaken
vigorously. The mixture was heated for 30 min in a boiling
water bath at 100°C and cooled drown to room temperature.
Five milliliter of n-butanol was added and the mixture
shaken vigorously. The n-butanol layer was separated by
centrifugation at 3000xg for 10 min. The organic layer was
taken and its absorbance at 532 nm was measured and
calculated as the percentage of inhibition by the same
equation of ABTS assay. The inhibition was expressed as
trolox equivalent antioxidant capacity (TEAC) and defined
as mg of trolox equivalents per 1g of sample.

Superoxide radical scavenging activity: Superoxide
radical scavenging activity was carried out by the method of
Nikishimi et al. (1972). Superoxide radicals were
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determined by the phenazine metrosulphate (PMS)-NADH
superoxide generating system containing a 0.5 mL of
seaweed extract, 0.5 mL of 2.52 mM nitroblue tetrazolium
(NBT), 0.5 mL of 624 pM b-nicotinamide adenine
dinucleotide (NADH) and 0.5 mL of 120 uM PMS were
added. The NBT, NADH and PMS solutions were prepared
in 0.1 M sodium phosphate buffer (pH 7.4) and various
concentrations of the AE. The mixture was incubated at
room temperature for 5 min and the absorbance read at 560
nm. The decrease of absorbance at 560 nm was calculated
as percentage of inhibition of NBT using the same equation
of ABTS assay and expressed as gallic acid equivalent
(GAE) and defined as mg of gallic acid equivalents per 1 g
of sample.

Reducing power: The reducing power was measured by an
ability to put forth electrons. It was determined according to
the method of Oyaizu (1986). A 120 pL AE was mixed with
290 pL of 0.2 M phosphate buffer (pH 6.6) and 290 L of
1% potassium ferricyanide, incubated at 50°C for 20 min
before 2.5 mL of 10% TCA was added. The mixture was
centrifuged at 3000xg for 10 min. One milliliter of
supernatant was mixed with 1 mL distilled water and 0.2
mL of 0.1% ferric chloride and incubated at room
temperature for 15 min. The absorbance was measured at
700 nm. The reducing power at 700 nm was calculated as
percentage of inhibition and expressed as gallic acid
equivalent (GAE), which defined as mg of gallic acid
equivalents per 1 g of sample.

Statistical analysis: All assays were done in triplicate. All
data are expressed as means + standard deviation. Data were
analyzed by an analysis of variance (p < 0.05) and the
means separated by one-way ANOVA with Turkey’s b test.
The data were calculated by computer programs: Microsoft
Excel and SPSS version 17.0.

RESULTS

Antioxidant activities and total phenolic content of
aqueous and ethanolic seaweed extracts: Four species of
seaweed were extracted with water and ethanol. In genaral,
the AE provided higher extraction yields than the EE.
Among the AE of four seaweeds, S. binderi had the highest
extraction yield of 12.25% followed by T. conoides
(6.41%), Amphiroa sp. (2.94%) and H. macroloba (2.52%),
respectively. Among the EE, the extraction yields which
were found in T. conoides, H. macroloba and S. binderi,
were 3.11%, 2.27% and 1.14%, respectively. However, EE
of Amphiroa sp. was too low to be analyzed.

ABTS ICs, of AE and EE of four seaweeds are
presented in Table I. The AE of T. conoides and Amphiroa
sp. showed significantly higher levels of ABTS scavenging
activity (p > 0.05). Furthermore, all AE samples showed
higher activity than EE samples. In addition, T. conoides
was significantly observed to have the highest TEAC in
terms of standard equivalent. Data showed that AE of all
four seaweeds contained higher DPPH radical scavenging
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activity than the EE (Table I). The AE of T. conoides
showed the highest scavenging activity of DPPH radicals,
followed by AE of S. binderi, H. macroloba, Amphiroa sp.
and EE of three seaweeds, respectively. The highest
phenolic content of the AE was found in T. conoides, while
H. macroloba presented the highest phenolic content level
of EE (Table I). Base on ABTS assay, DPPH assay and total
phenolic content. The AE of seaweed showed higher
antioxidant activities than EE. Therefore, the AE of four
seaweeds was selected for further study on anti-lipid
peroxidation, superoxide radical scavenging activity and
reducing power.

Antioxidant activities and reducing power of aqueous
seaweed extract: From Table Il, our results indicated that
the extract of H. macroloba and T. conoides contained high
anti-lipid peroxidation activity with low ICs,. However, the
AE of S. binderi showed the highest TEAC (mg trolox/g dry
weight) due to its highest extraction yield. In our results, the
AE of T. conodies showed a promising superoxide radical
scavenging activity with significantly the lowest ICs, and
highest GAE, followed by S. binderi, H. macroloba and
Amphiroa sp., respectively (Table 11). The absorbance value
of 1.000 at 700 nm was defined for its potential of reducing
power and results of GAE. In this experiment, all four
seaweeds showed reducing power, with the highest activity
observed for T. conoides (Table I1).

DISCUSSION

The extraction yield in AE was higher than EE. This
indicated that most extract dissolved in high polarity solvent
more than in low polarity solvent. Similarly, Matanjun
(2008) reported that more polar compounds were found in
seaweed extracts and increasing solvent polarity increased
the extraction yield. From the results of ABTS radical cation
decolorization assay and DPPH radical scavenging assay,
the extract of four seaweeds both aqueous and ethanolic
extract, especially, the AE of T. conoides, could eliminate
the free radicals by acted as free radical scavengers
(Molyneux, 2004) or by donating a hydrogen atom to the
molecule (Re et al., 1999).

Polyphenolics contain reducing properties as hydrogen
or electron-donating agents, thus seen as potential free-
radical scavengers (antioxidants) (Rice-Evans et al., 1997).
Polyphenolic compounds are natural antioxidants which are
found mostly in plants (Moon & Shibamoto, 2009) and
seaweeds. In AE, the results indicated strong correlation
between the antioxidant activity (ABTS, DPPH) and total
phenolic content, which are in agreement with studies of
Nagai and Yukimoto (2003), Duan et al. (2006) and
Dudonné et al. (2009).

Our results revealed that the AE was better than EE as
a source of antioxidants. Previous reports also found that
AE of seaweed contained higher antioxidant activity than
EE (Kuda & lkemori, 2009). The high antioxidant activities
of AE may be due to the difference in polyphenolic
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Table I: ICsy and standard equivalent of scavenging activities and total phenolic content of aqueous and ethanolic

extracts
Seaweed Amphiroa sp. Halimeda macroloba Sargassum binderi Turbinaria conoides
Aqueous Ethanolic  Aqueous Ethanolic  Aqueous Ethanolic  Aqueous  Ethanolic
extract extract extract extract extract extract extract extract
ABTS radical cation  1Cs (Mg/mL.) 8.026 ND 14.397 + 17554+ 15164 + 36.627 + 5290 £ 96.242 +
depolarization activity 0.092% 0.164° 1.479° 0.092° 3.754° 0.088* 1.643¢
mg trolox/gdry 0.011 + ND 0.005 + 0.004 + 0.024 + 0.001 + 0.036 + 0.001 +
weight 0.000° 0.000° 0.000° 0.000° 0.000° 0.001f 0.000°
DPPH 1Cso (Mg/mL) 7.827 + ND 0.837 + 20.147+ 0841+ 45.047 0.128 + 113944 +
radical 0.120° 0.002" 0.000° 0.010° 0.000° 0.002° 0.000"
scavenging activity =~ mg gallic acid/g 0.045 + ND 0.096 £ 0.004 £ 0.461 £ 0.001 £ 1.589 + 0.001 +
dry weight 0.000° 0.000° 0.003° 0.005¢ 0.000° 0.031° 0.000%
Total phenolic content mg gallic acid/g 0.085 + ND 0.077 £ 0.369 £ 0.267 £ 0.063 £ 1116+ 0.192 +
dry weight 0.003° 0.001° 0.007° 0.002° 0.004° 0.011° 0.001°

Table II: 1Cs, and standard equivalent of antioxidant activities and reducing power of aqueous extracts

Characteristics Seaweed Amphiroa sp. Halimeda macroloba  Sargassum binderi  Turbinaria conoides

Anti-lipid 1Cso (Mg/mL) 328.012+23.461° 155.590+16.129* 218.318+8.511° 155.795+0.495%

peroxidation activity mg trolox/g dry weight 0.010+0.001° 0.018+0.002" 0.062+0.002¢ 0.046 +0.000°

Superoxide radical ~ 1Cs (Mmg/mL) ND 50.552+0.341° 9.224 0.070° 2.066 +0.066°

scavenging activity ~ mg gallic acid/g dry weight ND 0.121 +0.070° 3.207 +0.024° 7.502+0.236°

Reducing power Concentration at OD700 = 1 (mg/mL)  69.204+0.710" 14.323 +0.051° 15594 +0.072° 2.136+0.003°
mg gallic acid / g dry weight 0.022 +0.000° 0.092 +0.000° 0.410+0.002° 1.569+0.002¢

Data are expressed as the mean + standard deviation (SD) of three replicates. Different letters represent the statistical comparisons between groups by using

ANOVA and post hoc Turkey’s b test (p<0.05) ND, no detectable

compound pattern. Many hydrophillic polyphenolic
compounds were reported in seaweed, for example
epigallocatechin gallate (Santoso et al., 2004), epicatechin
(Takeshi et al., 2005) and phlorotannins (Targett & Arnold,
1998), which are strong antioxidant components.
Moreover, the antioxidant activities in aqueous extract were
not the result of only phenolic compounds. The activities
were caused by other hydrophilic compounds, for example
peptides, fucoidan and Maillard reaction products (Kuda &
Ikemori, 2009). The hydrophobic phenolic compounds in
seaweed did not contain antioxidant potential. This
phenomenon could be explained from the observation that
the EE of H. macroloba, which contained high phenolic
content but showed very low antioxidant activity.

In this study, we found that the AE of T. conoides
showed low anti-lipid peroxidation activity, which did not
correspond with its phenolic content. However, the anti-
lipid peroxidation activity was carried out in hydrophobic
condition; the active substances in AE itself are high
polarity molecules and could not react well with the non- or
low-polar free radical molecules in lipid peroxidation
pathway (Matsukawa et al., 1997). The AE of T. conoides
showed a high reducing power to perform electron donating
ability. In addition, it also performed high hydrogen atom
donating ability from ABTS and DPPH assay so that the
active substances in the AE of T. conoides could behave as
primary and secondary antioxidants (Zhu et al., 2002). The
AE of T. conoides was consistent with broad antioxidant
activities via both single electron transfer and hydrogen
atom transfer system (Prior et al., 2005). Interestingly, the
AE performed higher potential than EE. Water extract is
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non toxic, easy to use and waste handle both for common
people and in commercial production (Matu & Staden
2003).

In conclusion, both AE and EE of all seaweeds from
the east cost of the Gulf of Thailand showed to have
antioxidant activities and high amounts of total phenolics.
From this study, the dried T. conoides could be applied as
healthy tea or use as antioxidative agent in nutraceutical
products after pass safety and toxicity test.
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