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Abstract

Sulfated polysaccharides were isolated from green seaweed Codium tomentosum by using two different
extraction processes: Hot water extraction (HEP) and Ultrasound Enhanced Extraction (UEP). The
yield, chemical composition and antioxidant activity of isolated polysaccharides were determined and
compared. In present study, the ultrasound-enhanced extraction method influenced a usual yield and
extraction time. It increases the yield up to 16.2% in 45 min from 12.35% in 5 h of hot water extraction
yield. The chemical composition of UEP was also significantly affected and showed higher sulfate and
uronic acids content. Both samples presented comparable good antioxidant activities on hydrogen
peroxide, nitric oxide, ABTS, DPPH, deoxyribose radicals. However the UEP exhibited higher
antioxidant potential than HEP. The IR spectra of both sulfated polysaccharides revealed characteristic
absorption bands. It shows the presence of hydroxyl, carboxyl and sulfate groups. This study revealed
that chemical composition and antioxidant activity of polysaccharides obtained from Codium
tomentosum vary according to the process for their extraction. Moreover, sulfated polysaccharides
obtained by UEP or HEP both can be a good source of natural antioxidants and can be harnessed for
further biotechnological applications.
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Introduction
Marine organisms especially marine algae have an abundant
source of various bioactive compounds with provide beneficial
pharmaceutical potentials [1]. They are found to be a reliable
source of healthy food because they are found to have low
content in lipids, high concentration in polysaccharides,
polyunsaturated fatty acids, and abundance in minerals,
vitamins and also due to their content in bioactive molecules.
Among macromolecules, polysaccharides have the maximum
capacity for transmitting biological information due to their
increased potential for structural variability [2,3]. The
polysaccharides of marine origin offer a safer activity than
mammalian polysaccharides for drug discovery. The most
abundant and extensively studied polysaccharides are the
sulfated polysaccharides which are obtained from non-animal
origin [4].

Codium species have been utilized as food for cultured
abalone, they are consumed by humans and they are also a
varied source of bioactive compounds [5]. Metabolites of this
group of species, in general, have been known to exhibit
interesting biological activities e.g. antibacterial, antiviral, anti-
inflammatory, antioxidant and cytotoxic and ichthyotoxic
activities etc. [6]. There is no study concerning sulfated
polysaccharides of these species (Codium tomentosum) which
is available in the Indian coasts and the narrow number of

studies on this species, which are obtained from other sites,
have focused on its fatty acid composition, the antioxidant, and
anti-genotoxic potential of a crude ethanolic extract, anti-
tumourigenic, hypoglycemic activities, anti-arthritic, amylase
activities of crude extracts [7-11].

Extraction of bio-compounds from plants is usually performed
by conventional methods. It involves consumption of more
amounts of solvent and an increase in the extraction time [12].
Although, other techniques, including supercritical carbon
dioxide extraction, subcritical water extraction, microwave
extraction and ultrasound extraction have increased significant
alternatives to the conventional methods [13]. Among these,
the Ultrasound Extraction (UE) method provides important
advantages for the extraction process of organic compounds
from plants using a solvent. Previous studies described that UE
technology can minimize the extraction time and solvent use
[14]. Currently, to extract active compounds such as rutin and
querceting sonication have been utilized, antioxidants,
polysaccharides and bioactive principles from plant materials.
However, there are fewer evidences on ultrasound-enhanced
extraction of sulfated polysaccharides from seaweeds [15-20].

The algal polysaccharides were also reported to play a vital
role as free radical scavengers by preventing and repairing
damages caused by reactive oxygen species [19,20]. However,
to our best of knowledge, no information is available regarding
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the impact of ultrasound-assisted extraction method on
biological properties of seaweed polysaccharides which is a
point of interest in our study. Hence, the present study was
focused on the investigation of antioxidant activity of Codium
tomentosum containing sulfated polysaccharides using both
ultrasound-enhanced and hot water extraction methods.

Materials and Methods

Seaweed and extraction of sulfated polysaccharides
The fresh specimens of green seaweed Codium tomentosum
were collected along the coast of Tamil Nadu, India, in August,
2015. The seaweed species was identified and authenticated by
Ramalingam, Regional Centre of Central Marine Fisheries
Research Institute (CMFRI), Mandapam, Tamilnadu, India.
The collected alga is first washed in seawater to eliminate the
macroscopic epiphytes, and then washed thoroughly with
distilled water to remove dust particles. The specimen was
shade dried and grounded into powdered.

Hot water extraction of polysaccharides was performed by the
procedure previously described by Subash et al. with little
modification [21]. Briefly 100 g of algae powder was then
mixed with the distilled water at a mass/volume ratio of 1:10
and kept at room temperature for overnight, then homogenized
and refluxed at 90-95°C for 4 h. The syrup found to be brown
in color was then filtered through Whatman No. 3 filter paper,
which was then concentrated to 1/4th of the original volume,
cooled and allowed to be precipitated with three volumes of
ethanol. The obtained precipitate was collected by
centrifugation and lyophilized.

Ultrasound-enhanced extraction of polysaccharides was
performed by the method as described by Shao et al. with little
modifications [19]. 100 g of algae powder was mixed with
distilled water at a mass/volume ratio of 1:10 and kept at room
temperature for overnight. The Sonics vibra cell (VCX500),
input ultra-sound power was 500W, 20 KHz was used. The
extraction time and temperature was 30 min and 45°C
respectively. After cooling the slurry was filtered and
concentrated to 1/4th of the original volume, cooled and then
precipitated with three volumes of ethanol. The obtained
precipitate was collected by centrifugation and lyophilized.

The HEP and UEP were further partially purified by column
chromatography. The crude polysaccharides were dissolved in
distilled water (10 μg/10 ml) centrifuged at 6000 rpm for 10
min and the supernatant was applied to a DEAE-cellulose
column (3 × 45 cm) equilibrated with distilled water. The
column was eluted step-by-step using distilled water by a
linear gradient of 0-3 mol/NaCl at a flow rate of 0.55 ml/min
and 15 fractions were collected. These fractions were estimated
for the carbohydrate content by phenol-sulphuric acid method
as described by Dubois et al. [22]. The fractions showing
higher content were pooled together dialyzed for 24 h against
distilled water and then they were lyophilized. The active
fractions were identified by carbohydrate estimation using

phenol-sulphuric acid method and it was utilized for the further
study.

Chemical analysis
The total carbohydrates content was estimated by phenol
sulphuric acid method as reported by Dubois et al. [22]. The
sulfate content was estimated by the barium chloride gelatin
method of Lloyd et al. [23]. Estimation of uronic acid content
by the carbazole-sulfuric acid method as described previously
by Egan et al. [24].

Analysis of elements
The percentage content of carbon, hydrogen, nitrogen and
sulfur of isolated polysaccharides were assessed by the
operating mode of PE 2400 series II CHNS/O analyzer
EA1112 (CE Instrument, Italy). Approximately 1 mg of sample
was injected, and then eluted with TCD (Thermal conductivity
detector, CE Instrument). 2, 5-Bis (5′ tert-butyl-2-
benzoxazol-2-yl) thiophene (BBOT) and aspartic acid were
utilized as reference standard.

FT-IR spectrophotometer analysis
Infrared spectra of polysaccharides were tested using Perkin-
Elmer FT-IR instrument which helped to evaluate different
sulfate, carboxyl and hydroxyl groups present in these sample
molecules [25]. One part of extract was then mixed along with
ninety nine parts of dried potassium bromide (KBr) separately
and then compressed to formulate a salt disc of 3 mm diameter.
These discs were subjected to IR- spectrophotometer, and then
read the absorption between 400 and 4000 cm-1.

In Vitro Antioxidant Activity

Determination of reducing power
Reducing power of the polysaccharides was estimated by the
following method of Yamaguchi et al. [26]. In this estimation,
4 ml of the reaction mixture, which contains samples of
different concentration in phosphate buffer (0.2 M, pH 6.6)
was incubated for 20 min with potassium ferricyanide (1%
w/v) at 50°C. The reaction was terminated by the addition of
TCA solution (10% w/v). The solution was then mixed along
with distilled water and ferric chloride (0.1% w/v) solution and
the absorbance was measured at 700 nm.

Hydrogen peroxide scavenging assay
The hydrogen peroxide radical scavenging activity was
estimated by hydrogen peroxide assay as described by Gulcin
et al. [27]. Hydrogen peroxide (10 mM) solution was made in
phosphate buffered saline (0.1M, pH 7.4). 1ml of the
polysaccharides of different concentration (100, 250, 500, 750
and 1000 μg) was swiftly mixed with 2 ml of hydrogen
peroxide solution. After 10 min of incubation, the absorbance
was measured at 230 nm in the UV spectrophotometer at 37°C
against a blank (without hydrogen peroxide). The percentage
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of scavenging of hydrogen peroxide was calculated by the
formula:

Percentage scavenging (H2O2)=((Ao-A1)/Ao) × 100

Ao-Absorbance of control; A1-Absorbance of sample.

DPPH radical scavenging assay
The DPPH radical scavenging activity of polysaccharides was
measured by the 1-1-Diphenyl-2-picryl-hydrazyl (DPPH)
following the method of Blois [28]. DPPH was utilized as a
reagent which is a more accurate and convenient method for
titrating the oxidizable groups of synthetic (or) natural
antioxidants. 0.1 mM solution of DPPH in methanol was
prepared and 1 ml of this solution was added to 3 ml of
polysaccharides of different concentration (100, 250, 500, 750
and 1000 μg). After 10 min, absorbance was read at 517 nm.
The percentage scavenging activity values were calculated by
the following formula:

Percentage of Scavenging=((Ao-A1)/Ao) × 100

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

ABTS inhibition assay
The ability of the polysaccharides to scavenge ABTS radical
was determined by the method of Re et al. [29]. ABTS (2, 2
azino bis (3-etheylbenzothiazoline-6-sulphonicacid)
diammonium salt) was produced by mixing 5 ml of 7 mM
ABTS with 88 μl of 140 mM potassium per sulfate under
darkness at room temperature for 16 h. The solution was then
diluted with 50% ethanol and the absorbance at 734 nm was
measured. The ABTS radical cation scavenging activity was
assessed by mixing 5 ml ABTS solution (absorbance of 0.7 ±
0.05) with 0.1 ml of polysaccharide (100, 250, 500, 750 and
1000 μg). The absorbance was measured at 743 nm with
spectrophotometer. The percentage of scavenging was
calculated by using the formula:

% of scavenging=((Ao-A1)/Ao) × 100

Where Ao-Absorbance of control; A1-Absorbance of sample.

Hydroxyl radical scavenging assay
Hydroxyl radical scavenging activity was evaluated by
studying the competition between deoxyribose and test
compounds for hydroxyl radical produced by Fe3+- Ascorbate
EDTA H2O2 system, based on the method of Kunchandy and
Rao [30]. The hydroxyl radicals attack deoxyribose that finally
resulted in TBARS formation. The reaction mixture contained
limited to a final volume of 1.0 ml, 100 μl of 2-deoxy-2-ribose
(28 mM in potassium phosphate-potassium hydroxide buffer,
pH 7.4) 500 μl solutions of various concentrations of
polysaccharide (100, 250, 500, 750 and 1000 μg) and standard
in KH2PO4-KOH buffer (20 mM, pH 7.4), 200 μl of 1.04 mM
ethylene diamine tetra acetic acid and 200 μl of 200 μM ferric
chloride, 100 μl of 10 mM hydrogen peroxide and 100 μl of
1.0 mM ascorbic acid was incubated at 37°C for 1 h.

The free radical damage made on the substrate, deoxyribose
(TBARS) was determined by the method of Yuan and Walsh,
1.0 ml of thiobarbituric acid (TBA) (1%) and 1.0 ml of
trichloroacetic acid (2.8%) (TCA) were added and incubated at
100°C for 30 min [31]. After it becomes cooled, the
absorbance was then measured at 535 nm against control
containing deoxyribose and buffer. The percentage scavenging
was calculated by the comparing the result of the test
compound and control using following formula:

Radical scavenging activity (%)=(A0-A1/A0) × 100

(Where A0-Absorbance of control; A1-Absorbance of sample).

Superoxide anion radical scavenging assay
Superoxide anion scavenging activity was measured based on
the method of Nishimiki et al. [32]. 1 ml of nitro blue
tetrazolium (NBT) solution (156 μM NBT in 100 mM
phosphate buffer, pH 7.4), 1 ml of NADH solution (468 μM in
100 mM phosphate buffer, pH 7.4) and 0.1 ml of the sample at
various concentrations (100, 250, 500, 750 and 1000 μg) were
mixed and the reaction was initiated by adding 100 μl of
phenazine methosulphate (PMS) solution (60 μM PMS in 100
mM phosphate buffer, pH (7.4). The reaction mixture was
incubated at 25°C for 5 min and the absorbance was read at
560 nm against blank samples. The percentage scavenging
value was calculated as follows:

Radical scavenging activity (%)=(A0-A1/A0) × 100

(Where A0-Absorbance of control; A1-Absorbance of sample)

Nitric oxide radical scavenging assay
Nitric oxide radicals produced from sodium nitroprusside
solution at physiological pH reacts with oxygen to produce
nitrite ions which were estimated by the Griess reaction [27]. 2
ml of sodium nitroprusside (10 mM) was mixed along with 1
ml of the polysaccharide with different concentrations (100,
250, 500, 750 and 1000 μg) in phosphate buffer (pH 7.4). The
mixture was incubated at 25°C for 150 min. 1 ml sulphanilic
acid reagent (0.33% sulphanilamide in 20% acetic acid) was
added to 0.5 ml of the incubated solution and allowed for 5
min for completing diazotization. Then, 1 ml of 0.1% napthyl
ethylene diamine dihydrochloride was added and incubated for
about 30 min at room temperature. Absorbance was taken at
540 nm and percentage scavenging was calculated as follows:

Radical scavenging activity (%)=(A0-A1/A0) × 100

(Where A0-Absorbance of control; A1-Absorbance of sample).

Statistical analysis
All of the data were expressed as means ± standard deviation
(SD) of three replications, and the ANOVA test was used for
statistical analysis. The values were considered to be
significantly different when the p value was less than 0.05.
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Results and Discussion
Several studies detailed the sulfated polysaccharides,
particularly in seaweeds contain large amounts, when compare
to terrestrial plants and trees. In the present study, ultrasound-
enhanced extraction is influenced a usual yield; it increases the
yield up to 16.2% from 12.35% of hot water extraction yield.
Simultaneously the total extraction time was also shortened.
He et al. also used hot water for the obtaining the extract of A
[33]. Subcrenata lischke which was precipitated using 80%
ethanol and obtained only 9.32 g of crude polysaccharides.
Wang et al., employed first time ultrasound technology to
obtain arabinoxylan from wheat bran and the experimental
yield was found to be 142.6 ± 0.17 mg/g, which is equivalent
with the predictive yield and he suggested ultrasound increased
the state of enzymatic treatment with higher extraction yield
[34]. Several authors also have cited the utilization of
sonication to increase the extraction of polysaccharides in
plants [35,36]. So, ultrasonic extraction method can enhance
shortening the extraction time, extraction efficiency and
reducing the consumed energy. Along with this, the main
advantage of acquiring intact thermo-labile polymers would be
achievable. The polysaccharides were isolated and purified by
ethanol precipitation and then using DEAE-cellulose ion
exchange chromatography. The utilization of DEAE-cellulose
as a matrix has been largely reported for the separation of
polysaccharide and also to uncover the characteristics of
different species of algae, such as on Ecklonia cava, Champia
feldmannii [37,38].

UEP shows relatively higher sulfate, uronic acid content than
HEP and also compared to other studies on sulfated
polysaccharide [39,40]. The percentage of total carbohydrate
of UEP 65.84 ± 0.27% was higher than HEP 59.13 ± 0.31%.
Specifically, the sulfate content in UEP 16.38 ± 0.81% is much
greater than in HEP 10.18 ± 0.24%. The antioxidant properties
of carrageenans appeared related to sulfate content [41]. The
Uronic acid content in UEP 8.31 ± 0.72% was more than HEP
5.99 ± 0.18%. Uronic acid also plays a vital role on the
bioactivities. Generally many polysaccharides are acid
complex carbohydrate, which are composed of uronic acid.

Elemental analysis of UEP and HEP were analyzed. The
percentage of elemental carbon, hydrogen, nitrogen and sulfur
content are depicted in Table 1.

Table 1. Elemental analysis of sulfated polysaccharides from Codium
tomentosum.

Polysaccharid
es

Carbon (%) Hydrogen (%) Nitrogen (%) Sulfur (%)

UEP 30.45 9.12 6.24 12.89

HEP 23.63 4.96 3.54 8.74

FT-IR Spectrophotometer analysis
The FT-IR spectrum HEP is shown in Figure 1. The strong
peak at 3313.48 cm-1 explained O-H stretching vibration
(carboxylic acid group) even the signal at 2937.38 and 2360.71

cm-1 cleared the C-H stretching vibration (alkanes) [42]. The
signal at 1677.95 and 1557.41 cm-1 contributed C=O medium
stretching vibration (carbonyls). The band 1433.98 and 1106.1
cm-1 corresponding to C-C stretch (aromatic) and C-N stretch
(aliphatic amines) bending is plane. The week signals 466.74
cm-1 corresponding to ring formation. The FT-IR spectrum of
UEP is cited in Figure 2. The prominent peak at 3475.49 cm-1

explained O-H stretching vibration (alkyl group) even the
signal at 2360.71 and 1645.17 cm-1 cleared the C-H stretching
vibration [43]. The signal at 1620.21 and 1568.98 cm-1

contributed N-H bend stretching vibration. The band 1412.76
and 1383.83 cm-1 corresponding to OH bending is plane. The
signal at 1270.04 and 1128.28 cm-1 is C-H wag (-CH2X). The
signal at 850 to 644 indicated sulfate groups [44].

Figure 1. FT-IR spectrum of HEP.

Figure 2. FT-IR spectrum of UEP.

Antioxidant activity
The reducing properties are usually associated with the
presence of reductant, which have been shown to produce
antioxidant action by splitting the free radical chain by
donating a hydrogen atom [45]. The reducing power of UEP
and HEP was measured, and results demonstrated that they had
noticeable effect shown in Figure 3. The reducing power of
polysaccharides from UEP (0.354 ± 0.022%)-(1.755 ±
0.014%), is higher than HEP (0.256 ± 0.017%)-(1.449 ±
0.027%) and were compared with the standard ascorbic acid
(AA) (0.547 ± 0.025%)-(1.953 ± 0.015%); might be due to
higher sulfate content. Referring to the report of Huimin et al.
that high sulfate content ulvans had more effective reducing
power, scavenging activity on hydroxyl radical, chelating
ability on ferrous ion, than natural ulvan [46].
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Figure 3. Reducing power of sulfated polysaccharides. n=3 is
standard deviation for n=3 observations. AA is Ascorbic Acid.

Many species of seaweed endowed scavenging ability of
hydrogen. It move across membranes and may gradually
oxidize a number of compounds peroxide [47]. In this work the
scavenging effect of both samples on hydrogen peroxide
radicals. The maximum scavenging activity was shown by
UEP 80.24 ± 0.11% and HEP also shows 74.37 ± 0.22% of
inhibition. The hydrogen peroxide scavenging effect of
samples were compared with the standard Gallic acid (GA) is
cited in Figure 4.

Figure 4. Scavenging effect of samples on hydrogen peroxide radical.
n=3 is standard deviation for n=3 observations. GA is Gallic Acid.

A DPPH solution which is freshly prepared shows a deep
purple color. This purple color usually fades/disappears when
an antioxidant is present in the medium and which results in a
decrease in absorbance at 517 nm. Hence, the more quickly the
absorbance decreases, the more potent is the antioxidant
activity of the substance. The DPPH radical scavenging effect
of UEP and HEP were studied and compared with the standard
Gallic acid presented in Figure 5. The scavenging effect
increased with concentration of standards and samples. The
DPPH scavenging activity for the UEP shows 75.52 ± 0.294%
relatively higher than HEP 67.49 ± 0.239%. DPPH have been
used widely as a free radical to evaluate reducing substances
[48]. ABTS assay is a simple indirect assay for determining the
activity of natural antioxidants. ABTS radical is stable, in the
absence of phenolics, but in the presence of an H-atom donor
such as phenolics it reacts energetically, being converted into a
non-colored form of ABTS [49].

Figure 5. Scavenging effect of samples on DPPH radical. n=3 is
standard deviation for n=3 observations. GA is Gallic Acid.

Figure 6. Scavenging effect of samples on ABTS radical. n=3 is
standard deviation for n=3 observations. GA is Gallic Acid.

Scavenging activities UEP and HEP on ABTS radical were
also measured and compared with the standard Gallic acid
presented in Figures 6 and 7. As the figure showed, all the
samples had substantial scavenging effects with dose-effect
relationship and the effects were for the UEP is 71.62 ± 0.19%
shows good scavenging activity than HEP 63.61 ± 0.24%.
Hydroxyl radicals are recognized to be the most reactive
among all the reduced forms of di oxygen and are known to
initiate cell damage in vivo [50]. Further, the effect of UEP and
HEP on hydroxyl radicals produced by Fe3+ ions was measured
by the extent of deoxyribose degradation, by reactive OH-

generated from Fenton’s type reaction and compared with the
standard Gallic acid shown in Figure 8. The hydroxyl
scavenging effect of UEP is 73.59 ± 0.22% and HEP shows
comparably less percentage of inhibition 64.54 ± 0.31%.

Figure 7. Scavenging effect of samples on Hydroxyl radical. n=3 is
standard deviation for n=3 observations. GA is Gallic Acid.
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Figure 8. Scavenging effect of samples on superoxide anion radical.
n=3 is standard deviation for n=3 observations. GA is Gallic Acid.

Superoxide radicals were produced in a PMS/NADH system
utilized to be assayed in the reduction of NBT [26].
Scavenging activities of UEP and HEP on superoxide anion
were also studied and compared with the standard Gallic acid
presented in Figure 8. As the figure showed, all the samples
were found to have significant scavenging effects with dose-
effect relationship and the effects were for the UEP is 67.53 ±
0.31% and HEP shows 60.56 ± 0.33% inhibition.

NO is a diffusible free radical, which is involved in many roles
as an effectors molecule in various biological systems
including neuronal messenger, vasodilation, antimicrobial and
antitumor activities [51]. Scavenging activities of the two
samples (UEP and HEP) on nitric oxide also had noticeable
effect shown in Figure 9. The nitric oxide scavenging effect for
the UEP is 66.37 ± 0.28% and HEP shows 55.54 ± 0.29% of
inhibition. Chen et al., reported that the scavenging effects of
the free radicals increased with an increased in the content of
uronic acid in different tea polysaccharide conjugate fractions,
the presence of uronic acid might show effect on the
physicochemical properties of the polysaccharides and hence
their bioactivities [52,53]. As supported above study the
present results indicated that the content of sulfate and uronic
acid in UEP was much higher and also shows greater
antioxidant ability when compared to HEP, probably
correlating with their chemical composition and extraction
conditions.

Figure 9. Scavenging effect of samples on nitric oxide radical. n=3 is
standard deviation for n=3 observations. GA is Gallic Acid.

Conclusion
Antioxidant activities of sulfated polysaccharides isolated from
seaweeds have been studied by many researches and also little

information is available on their chemical composition and
biological activities. However polysaccharides obtained by
different extraction methods seem to be imperative for the
utilization of these kinds of marine resources. In the present
study, when compared to HEP, the UEP showed higher in
yields, chemical composition and they were also shown good
scavenging ability on hydrogen peroxide, nitric oxide, ABTS,
DPPH, deoxyribose radicals. These results clearly indicate the
beneficial effects of algal polysaccharides. It can be concluded
that the mechanical action developing from ultrasound waves
under the extraction time and temperature conditions used,
promote the release of extra polysaccharides from the
intracellular or wall contents of seaweed. These preparations
constitute novel polysaccharide based antioxidants, potentially
applicable in food industry, cosmetics, pharmacy and further
investigation is needed to explore its bioactivities.
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