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Abstract: To evaluate the in vitro antioxidant activities of sulfated polysaccharide from Ulva lactuca in
Tuticorin coast, Gulf of Mannar, South east coast of India. The in vitro antioxidant activities of sulfated
polysaccharide were determined using total antioxidant capacity, reducing power, Hydrogen peroxide, DPPH
radical scavenging assay. Sulfated polysaccharide 5.5 + 0.6% was extracted from green seaweed Ulva lactuca
through ethanol precipitation and purified through DEAE cellulose column and sephadex G -50. The sulfated
polysaccharide extracted from Ulva lactuca exhibits 65.71 + 0.28% carbohydrate, 23.92+ 0.32% sulfate and 5.98
+ 0.19% uronic acid. The Total antioxidant and DPPH activity of sulfated polysaccharide was 79.97 + 0.13% and
75.32 £ 0.31% respectively. The Hydrogen peroxide scavenging ability and reducing power of sulfated
polysaccharide was 78.17 = 0.39% and 1.71 + 0.21% respectively. These results indicate the potential in vitro
antioxidant activity of sulfated polysaccharide obtained from Ulva lactuca. This may also justify the frequent

use natural antioxidants in a variety of food products.
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INTRODUCTION

In recent years, marine resources have engrossed
attention in the search for bioactive compounds to
develop new drugs and healthy foods [1, 2]. Seaweed
constitutes a commercially important renewable resource.
Sargassum, Padina, Dictyota and Gracilaria sp. can be
used as fertilizers, food additives and animal feed [3].
Although seaweeds acquire 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. Moreover, sulfated polysaccharides
from marine algae are known to exhibit many biological
and physiological activities including anticoagulant,
antiviral, antitumor, anti-inflammatory and antioxidant
[4-7]. Most of these bioactive substances isolated from

marine algae are chemically classified as brominates,
aromatics,  nitrogen-heterocyclic, nitro  sulphuric
heterocyclic, sterols, dibutanoids, proteins, peptides and
sulphated polysaccharides [8]. The polysaccharides are
important component of algae [9]. The immense interest in
them is because of their broad spectrum biological
activity. Antioxidants play an important role in inhibiting
and scavenging radicals and thus providing protection
to humans against infections and degenerative diseases.
A number of marine algae were reported to possess
antioxidant properties [10].

The antioxidant activity of sulfated polysaccharides
has been investigated by different in vitro methods,
including hydrogen per-oxide, superoxide anion and
hydroxyl radical scavenging assays [11]. DPPH radical
scavenging assay is recurrently used for the analysis of
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food and substances obtained from natural sources.
The most commonly used antioxidants at the present
time arebutylatedhydroxyanisole (BHA),
butylatedhydroxytoluene (BHT), propyl gallate (PG) and
tertbutylhydroxytoluene (TBHQ). However, most of the
antioxidants used have been suspected of being
responsible for liver damage and carcinogenesis. Thus, it
is essential to develop and utilize effective natural
antioxidants so that they can protect the human body
from free radicals and retard the progress of many chronic
diseases. 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 and coronary heart
diseases. 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 [12]. 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 advance like the
utilization of more effective antioxidants of natural origin
[13]. Recently, various phytochemicals like polyphenols,
which are widely circulated in plants, have been reported
to act as free radical scavengers [14].

The main objective of the present study is to
evaluate the antioxidant activity of sulfated
polysaccharide obtained from green seaweed (Ulva
lactuca) Tuticorin coast, Gulf of Mannar, South east
coast of India.

MATERIALS AND METHODS

The green algae, Ulva lactuca was collected from
Tuticorin coast (Lat 08°45'; Long78°12'E), Gulf of Mannar,
South east coast of India. Gulf of Mannar is a marine
biosphere which harbour biodiversity of global
significance and unique for coral reef, seaweed and sea
grass ecosystems.

Extraction of Crude Polysaccharide: The polysaccharide
from the green seaweed Ulva lactuca was extracted by
the method followed by Subash et al. [15]. About, 100g of
dried seaweed powder was extracted with three volumes
of water at 90-95°C for 16 hrs. The brown coloured syrup
was then filtered through Whatman No. 3 filter paper and
concentrated to 1/4™ of the original volume; it was cooled
and precipitated with three volumes of ethanol overnight
at 4°C. The obtained precipitate was collected by
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centrifugation and the pellet dehydrated with diethyl ether
to yield 10% green crude polysaccharide (10% yields).

Purification of Polysaccharide: The crude
polysaccharide was further purified by column
chromatography. Fifty milligrams of crude

polysaccharide was dissolved in 10 ml of distilled water,
it was applied to a DEAE cellulose column (3%45 cm)
pre-equilibrated with water and eluted in NaCl gradient
(0-3 M) until no carbohydrate is detected. Each fraction
was assayed for carbohydrates content by phenol
sulfuric acid method of Dubois et al. [16]. The
Carbohydrate-positive fractions were pooled together and
dialyzed (MWCO 14, 000) for 24 hours against distilled
water and then lyophilized.

Analysis of Biochemical Composition: The total
carbohydrate content was estimated calorimetrically by
the phenol-sulfuric acid method using d-glucose as a
standard [16]. Sulfate content was determined by barium
chloride gelatin method according to the procedure of
Lloyd et al. [17]. The carbazole reaction which is the most
satisfactory method for estimating uronic acid was
employed for quantification [18]. The glucuronolactone
was used as a standard. The results were expressed as %
for sulfated polysaccharide.

Free Radical Scavenging Activity of Polysaccharide
Determination of Total Antioxidant Capacity (TAC): Total
antioxidant activity of seaweed polysaccharide was
determined according to the method of Prieto et al. [19].
Briefly, 0.3 ml of sample was mixed with 3.0 ml reagent
solution (0.6 M sulfuric acid, 28 mM sodium phosphate
and 4 mM ammonium molybdate). The reaction mixture
incubated at 95°C for 90 min under water bath.
Finally the antioxidant property of the sample was
measured at 695 nm. Total antioxidant activity is
expressed as the number of equivalents of ascorbic acid
in milligram per gram of extract.

was

Determination of Reducing Power: Reducing power of
the polysaccharide was determined by following the
method of Yamaguchi et al. [20]. Briefly, 4 ml of reaction
mixture, containing samples of different concentration in
phosphate buffer (0.2 M, pH 6.6), was incubated with
potassium ferricyanide (1% w/v) at 50°C for 20 min.
The reaction was terminated by TCA solution (10% w/v).
The solution was then mixed with distilled water and ferric
chloride (0.1% w/v) solution and the absorbance was
measured at 700 nm.
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Hydrogen Peroxide Scavenging Assay: The free radical
scavenging activity of the polysaccharide was determined
by hydrogen peroxide assay Gulcin et al. [21]. Hydrogen
peroxide (10 mM) solution was prepared in phosphate
buffered saline (0.IM, pH 7.4). 1ml of the extract
containing samples of different concentration (100, 250,
500, 750 and 1000 pg) was rapidly mixed with 2 ml of
hydrogen peroxide solution. The absorbance was
measured at 230 nm in the UV spectrophotometer after
10 min of incubation at 37°C against a blank (without
hydrogen peroxide). The percentage of scavenging of
hydrogen peroxide was calculated using the formula;

Percentage scavenging (H, O,) = ((A-A,) / A,) x 100
A, - Absorbance of control; A, - Absorbance of sample

DPPH Radical Scavenging Assay: The free radical
scavenging activity of polysaccharide was measured by
1-1- Diphenyl-2-picryl-hydrazyl (DPPH) following the
method of Blois [22]. DPPH was used as a reagent which
evidently offers a convenient and accurate method for
titrating the oxidizable groups of natural (or) synthetic
antioxidants. 0.1mM solution of DPPH in methanol was
prepared and 1ml of this solution was added to 3ml of
seaweed extracts of different concentration (100, 250, 500,
750 and 1000 pg). After 10 minutes, absorbance was
measured at 517 nm. The percentage scavenging activity
values were calculated using following formula:

Percentage of Scavenging = ((A,-A)) / A,) x 100

Fig. 1: Analysis of biochemical composition
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where A, is absorbance of control and
A, is absorbance of sample turbidity factor

RESULTS

Analysis of Biochemical Composition of the Purified
Sulfated Polysaccharide: Biochemical composition of the
purified polysaccharide from Ulva lactucawas determined
as carbohydrate content (65.71+ 0.28%), sulfate content
(23.92+ 0.32%) and uronic acid content (5.98+ 0.19%)

(Fig. 1).

Free Radical
Polysaccharide
Total Antioxidant Activity: The total antioxidant capacity
of polysaccharide from Ulva lactucawas measured by
phosphomolybdenum method. The antioxidant activities
increased with increasing concentration of the sample.
At the concentration of 1000 pg/ml, the polysaccharide
of Ulva lactuca exhibited higher antioxidant activity
(79.97 + 0.13) % as compared with the standard, ascorbic
acid (Fig. 2).

Scavenging Activity of Sulfated

DPPH Radical Scavenging Activity: The effect of
seaweed extracts and standard on DPPH radical was
compared and shown in Figure 3. The scavenging effect
increases with the concentration of standard and samples.
At 1000 pg/ml concentration, Ulva lactuca possessed
(75.32+ 0.31) % scavenging activity on DPPH. All the
concentration of Ulva lactuca showed higher activity
than the standard gallic acid.

Carbohydrate

65.71+ 0.28
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Fig. 2: Total antioxidant activity of Ulva lactuca extract compared with standard Ascorbic acid
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Fig. 3: DPPH radical scavenging activity of Ulva lactuca extract compared with standard Gallic acid
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Fig. 4: Reducing power of Ulvalactucaextract compared with standard Ascorbic acid

19



Intl. J. Microbiol. Res., 10 (1): 16-23, 2019

100 100

90 90 3z
R 80 { 80 3
Z 70 70 £
= o
E’ 60 - 60 g"
£ 50 50 ®
oo =
g 40 40 ¢
2 ]
o 30 30 &
»

20 20

10 10

0 0

ug100 ug250 ug500 ug750 ug1000
Concentration (ug/ml)
M Gallic acid M Polysaccharide

Fig. 5: Hydrogen peroxide scavenging activity of Ulva lactuca extract compared with standard Gallic acid

Reducing Power: The reducing power of Ulva lactuca
was compared with the standard ascorbic acid. The
reducing power increases with the increasing
concentration. The reducing power of the samples was
shown in Fig. 4 and it was found to be in the following
order: ascorbic acid (0.34+ 0.18) - (1.87+ 0.16), Ulva
lactuca (0.29+ 0.11) - (1.71£ 0.21).

Hydrogen Peroxide Scavenging Assay: The hydrogen

peroxide scavenging effect increased with the
concentration of standard and samples. The
polysaccharide  from Ulva lactuca  possessed

(78.17+ 0.39%) scavenging activity. The hydrogen
peroxide scavenging effect of samples is shown in Fig. 5.

DISCUSSION

The antioxidant activity of several naturally occurring
compounds has been known for decades. Recently, many
types of seaweed have been measured as source of
reactive oxygen species inhibitors. They can be used as
food additives and can also provide protection against
tissue oxidation [23]. The present investigation has
also proved that seaweed sulfated polysaccharide
(Ulva lactuca) 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 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 [24].
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In the present investigation Ulva lactuca consisted
total carbohydrate content (65.71%), sulfate content
(23.92%) and uronic acid content (5.98%) of the
polysaccharide determined. Ye et al. [25] reported that
chemical composition of the purified water soluble
polysaccharide from Capsosiphon fulvescens composed
of neutral sugars (49.8%), sulfate (5.7%) and uronic acid
(4.8%). Nirmal et al. [26] reported the carbohydrate
content of green seaweeds Cladophora fascicularis
(43.4%), Caulerpa racemosa (41.0%) and Ulva lactuca
(36.2%). Similarly, Vriesmann et al. [27] found that the
uronic acid content increases with decreasing extraction
pH; furthermore, uronic acid decreases when there is an
increase in temperature. These results were found during
the extraction of pectin from cacao pod husks.

In this study, the total antioxidant activity of sulfated
polysaccharide was determined by phosphomolybdenum
assay and compared with L-ascorbic acid (standard
antioxidant). The results demonstrated that the isolated
sulfated polysaccharide exhibited the total antioxidant
activity (79.97 £+ 0.131%) than L-ascorbic acid (95.45 +
0.28%). The above finding coincides with earlier reports
that the total antioxidant activity of isolated fucoidan
shows somewhat similar activity to the fucoidan isolated
from Padina tetrastomatica, Turbina riaconoides and
Sargassum tenerrimum [28, 29].

Reducing power assay is one of the important
antioxidant assays that provide significant reflection on
the antioxidant activity. In this assay, the bioactive
compound serves as an electronic donor that reduces the
oxidized intermediates of lipid per oxidation, so is that can
be performed as a primary and secondary antioxidant. The
presence of antioxidant properties of the Fe** ferricyanide
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complex was reduced and changed into ferrous form. In
the present study, the polysaccharide exhibited the
maximum reducing power activity at 1.71+0.21. However,
the reducing power activity of standard L-ascorbic acid
was 1.873 £ 0.27%. Captivatingly, the reducing power
scavenging activity of the extracted fucoidan was higher
compared to the previous report of Hypnea valentiae
(42.63% at 50 mg/ml) [30].

The extent of H,0, scavenging activity is one of the
useful methods for determining the ability of antioxidants
to decrease the level of pro-oxidants [31]. In the present
study hydrogen peroxide scavenging activity of
polysaccharide of Ulva lactuca was found to be
78.174+0.396%. Antonio et al. [32] reported that the H,0,
production by Caulerpa taxifolia was significantly higher
(52%).

DPPH was widely used to examine the free radical
scavenging activity of compounds. In this assay, the
reduction of DPPH into DPPH-H was measured based on
the ability of antioxidant compounds to lose hydrogen
[33, 34]. In this study, the DPPH radical scavenging
activity of fucoidan was determined by comparing with
standard gallic acid and the obtained results with
highest scavenging activity that was 75.32 = 0.31% and
92.63+ 63%, respectively. The DPPH scavenging activity
was significantly higher than the previously accounted on
fucoidan of Laminaria japonica [35]. Subash et al. [15]
accounted that the total antioxidant ability of crude
polysaccharide (TCP) from a brown alga Turbina
riaornatawas compared with Trolox standard.

CONCLUSION

The sulfated polysaccharide from green alga Ulva
lactuca was effective in in vitro condition as an
antioxidant activity. These results recommend that Ulva
lactuca sulfated polysaccharide is a promising agent to
be estimated for the application in the natural antioxidants
in a variety of food industry, pharmaceutical industries
and that it presents a significant antioxidant activity.
Future work may focus on the biological activities such as
immune modulation, antitumor and anti-inflammatory
activities.
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