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Abstract: The crude extract and fractions of Turbinaria ornata collected from Mandapam coast were evaluated for
their antioxidant potentials. The antioxidant potential was determined using total antioxidant capacity, total
phenolic content and DPPH radical scavenging activity. The ethyl acetate fraction obtained from the crude
methanolic extract by different solvent extractions exhibited prominent antioxidant activity. The ethyl acetate
fraction was further fractionated with column chromatography to yield 36 fractions. All the column purified fractions
were subjected to thin layer chromatography analysis and the results produce 8 fractions. The antioxidant activity of
crude methanolic extract and sub fractions were evaluated. The F5 fraction exhibited higher total phenolic content
and antioxidant properties. On the basis of TLC, UV-Vis and FT-IR spectral analysis F5 fraction was found to contain
phenolic compounds especially phlorotannins. To the best of our knowledge, the present study is the first report on
the extraction and isolation of phlorotannins and this was responsible for antioxidant activity from brown seaweed

Turbinaria ornata from India.

Keywords: Turbinaria ornata; Phlorotannins; UV-Vis Spectrophotometry; FT-IR; TLC.

INTRODUCTION

The marine life offering enormous resources for
novel compounds', and it has been classified as the
largest remaining reservoir of natural molecules to be
evaluated for their bioactivity’. In recent years, the
seaweeds serve as an important source of bioactive
natural substances®®. Phlorotannins, a group of
phenolic compounds which are restricted to polymers
of phloroglucinol, have been identified from several
brown algal families such as Alariaceae, Fucaceae and
Sargassaceae®. Many studies have shown that
phlorotannins are the only phenolic group detected in
brown algae®’. The multifunctional antioxidant activity
of polyphenols is highly related to phenol rings which
act as electron traps to scavenge peroxy, superoxide-
anions and hydroxyl radicals. Phlorotannins from
brown algae have up to eight interconnected rings and
they are therefore more potent free radical scavenger
than other polyphenols derived from terrestrial plants,
including green tea catechins, which only have three to
four rings®.

More than 5000 polyphenolics, including over 2000
flavonoids have been identified, and the number is still
growing ° and that are synthesized from carbohydrates
via shikimate pathway. Thus, phenolic compounds are
ubiquitous in the plant kingdom being found in all fruits
and vegetables in virtually all parts of the plant.
Recently, phenolics have been considered powerful
antioxidants in vitro and proved to be more potent
antioxidants than Vitamin C and E and carotenoids' ™.
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A series of polyphenolic compounds such as
catechins (e.g. gallocatechin, epicatechin and catechin
gallate), flavonols and flavonol glycosides have been
identified from methanol extracts of red and brown
algae™™. Earlier, reported that phlorotannins in
Sargassum kjellamanianum®, Sargassum siliquastrum
and Ecklonia stolonifera 7 have antioxidative activity.

The present work was undertaken to extraction
and purification of phlorotannins from brown seaweed
Turbinaria ornata collected from the Mandapam coast
of Tamil Nadu, India and its antioxidant properties. This
study is part of a programme on screening of seaweeds
for a variety of biological activities, with interesting and
potentially useful therapeutic activities.

MATERIALS AND METHODS
Sample collection and preparation:

Live and healthy samples of edible brown seaweed
Turbinaria ornata were collected from the intertidal
region of Mandapam, Gulf of Mannar, Tamilnadu, India
(latitude 9°8'N and longitude79°6’E). Collected
samples were immediately brought to the laboratory in
new plastic bags containing natural sea water to
prevent evaporation. Plants were washed thoroughly
with tap water to remove extraneous materials and
shade dried. Dry plant material was ground in an
electric mixer and stored at 4°C until future use.

Extraction and purification of phenolic compounds:
Fine powder of dry seaweed (25g) was extracted
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with 450 ml of methanol at room temperature for 24 h.
The extraction procedure was repeated thrice and the
extract was filtered through Whatmann No. 1 filter
paper. The filtrate was concentrated to dryness under
reduced pressure using a rotary evaporator (crude
extract). This extract was washed with hexane and
dichloromethane (three times each), and then
extracted with ethyl acetate (three times each). The
ethyl acetate phase (crude) was concentrated and
stored at 4°C until future use. The ethyl acetate fraction
was further fractionated with coloumn
chromatography because it showed high antioxidant
activity. The column was prepared using 100g of silica
(60—200pm mesh size) and the mixture was stirred
until it became less viscous. Then the fractions were
eluted by  starting  with 100%  hexane,
chloroform/methanol in the following ratios: 9:1, 8:2,
7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9, ethyl acetate 0:10, ethyl
acetate/ methanol 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9
and 100%

Thin-Layer Chromatography:

TLC was performed on a silica gel plate (5 x 20 cm,
Kieselgel 60F, 0.25 mm, Merck). An aliquot of each
fraction was spotted on the silica gel plate with a
solvent system of chloroform/ethanol/acetic acid/water
(98:10:2:2 v/v). Then the chromatogram was developed
and dried for few minutes. It was visualized under
ultraviolet (UV) light wavelength 365nm spots were
marked. Then R; values for each bands were measured.

Determination of total phenolic content:

Total phenolic content was estimated as gallic acid
equivalents (GAE) according to the Folin-Ciocalteu
reagent’®. The seaweed fraction (0.1 mL) was diluted
with deionized water (7.9 mL). Folin-Ciocalteu phenol
reagent (0.5 mL) was added, and the contents were
mixed thoroughly. After 1 min, 1.5 mL of 20% sodium
carbonate solution was added, and the mixture was
mixed thoroughly. The mixture was allowed to stand
for 1 h. After 1 h of incubation at 37°C, the absorbance
of the blue color produced was measured at 750nm,
using  the  PerkinElmer Lamda 25 UV-VIS
Spectrophotometer. Phenolic content was expressed
in milligrams per gram of dry weight (seaweed
fraction) based on a standard curve of gallic acid (GA),
which was expressed as milligrams per gram of gallic
acid equivalent (GAE).

Total antioxidant activity:

Total antioxidant activities of the all the fractions
were determined according to the method of Prieto et
al.,’. Briefly, 0.3ml of sample was mixed with 3.oml
reagent solution (0.6 M sulfuric acid, 28mM sodium
phosphate and 4 mM ammonium molybdate). Reaction
mixture was incubated at 95°C for 9o min under water
bath. Absorbance of all the sample mixture was
measured at 695nm. Total antioxidant activity is
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expressed as the number of equivalence of ascorbic
acid. A calibration curve of ascorbic acid was prepared
and the total antioxidant activity was standardized
against ascorbic acid and was expressed as mg ascorbic
acid equivalents per gram of sample on a dry weight
(DW) basis.

DPPH radical-scavenging activity:

The scavenging effects of samples for DPPH radical
were monitored according to the method of Yen and
Chen®®. Briefly, a 2.0 ml of aliquot of test sample was
added to 2.0 ml of 0.16 mM DPPH methanolic solution.
The mixture was vortexed for 1 min and then left to
stand at room temperature for 30 min in the dark, and
its absorbance was read at 517 nm. The ability to
scavenge the DPPH radical was calculated using the
following equation.

scavenging effeCt (%) = (Asample _Asample blank) / Acontrol]x
100

Ultraviolet and Visible (UV-Vis) Spectrophotometry:

UV-Visible spectra for active fractions were
recorded on a PerkinElmer Lambda 25 UV VIS
spectrophotometer equipped with 1.0 cm quartz cells.
The width of excitation slits were set to 1.0 nm. The
spectra collected with subsequent scanning spectra
from 450 to 200nm at 1.0 nm increments.

Fourier Transform- Infrared (FT-IR) Analysis:

Spectra of F5 fraction was determined using an FT-
IR spectrophotometer (Shimadzu, Japan.) with KBr
pellets in the range 4000-400 cm™.

Statistical analysis:

Data were analyzed using the SPSS package for
Windows (Version 10). Values were expressed as mean
+ standard Deviation (SD).

RESULTS
Extraction and Fractionation:

About 5.452g of vyield was obtained from
methanolic extract of Turbinaria ornata. The combined
methanolic extract was further fractionated and
retained 0.397 g of ethyl acetate fraction, 0.216g of
dichloromethane fraction and o0.124g of hexane
fraction (Table 1). The higher antioxidant ethyl acetate
fraction was further fractionated in a silica gel column
chromatography and 36 fractions were collected. Thin
layer chromatography analysis of these fractions and
the analytical results produce eight sub fractions
namely F1, F2, F3, F4, F5, F6, F7 and F8. Table 1 shows
the Rf values of spots from the TLC chromatograms of
the eight sub fractions.

Total phenolic content:
In the present study, the total phenolic content of
the various fractions was determined using Folin-
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Ciocalteu method and the results are presented in
Table.1. The Total phenolic content of all the crude
extract and all the subfractions were expressed as mg
Gallic acid equivalent (GAE) per gram of the extract or
fraction. The F5 subfraction having the highest amount
of phenolic contents (1.13mg/g) ranging from
0.02+0.015 to 1.13+0.02. They varied significantly and
decreased in the following order: F5 > ethyl acetate >
F2 > F3 > methanol > F1 > F7 > F8 > dichloromethane >
F6 > F4. The presence of antioxidant phlorotannins in
subfraction F5 of T. ornata could cause it to have higher
phenolic content compared to other fractions.
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Fig.1: UV- Visible spectral identification of column
purified fraction F5.
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Fig. 2: FT-IR spectral identification of column purified
fraction Fs.

Antioxidant properties:

In the present study the antioxidant activity of
methanol extract-1.24+0.02, fractions of DCM-1.18+0.03
and ethyl acetate-1.41+0.02 and sub fractions (F1, F2, F3,
F4, F5, F6, F7 and F8) were analyzed and results are
presented in Table.1. Higher activity of (1.44+0.01) mg
ascorbic acid/g extract was observed in F5 fraction. The
total antioxidant activities were significantly different
among the fractions. DPPH radical scavenging activities
(%) of crude methanolic extract and sub fractions are
presented in Table.1 In the present study, higher DPPH
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radical scavenging activities was recorded in F1
(74.66%) followed by ethyl acetate (71.66%) and F2
(63.33%). The scavenging effect of standards on the
DPPH radical decreased in the order: BHT >ascorbic
acid > gallic acid, which was 75.66%, 69.27% and 57.28%
respectively.

Table 1: Extraction yield of crude extract and fractions (%
dry weight), Rf values of TLC spots and antioxidant
activities.

Extraction R Total Total 2:(?::3'
Fractions  Yield values Phenolic Antioxidant Scavenging
(g or mg) content(mg)  Activity(mg) Assay (%)
Methanol  5.452¢ 0.89 1.24+0.01 1.24+0.02 56.66%
DCM 216mg 0.74 0.58+0.02 1.18+0.03 47.66%
Ethyl N
acetate 397 mg 0.88 1.05+ 0.01 1.41+0.02 71.66%
F1 23.1mg 0.74 0.66+0.02 0.37+0.02 74.66%
F2 25.4 mg 0.90 0.85+0.03 1.35+0.03 63.33%
F3 13.1mg 0.88 0.77+0.01 1.23+0.02 55%
F4 1.3 mg 0.82 0.02+0.01 1.36+0.01 62%
F5 3.3mg 0.87 1.13+0.02 1.44+0.01 61%
F6 9.2mg 0.76 0.03+0.005 1.17+0.05 58.33%
F7 10.2mg 0.91 0.58+0.02 1.42+0.02 47%
F8 5.3 Mg 0.38 0.46+0.01 0.24+0.02 43%

Identification of phlorotannins:

The UV-Visible spectrum for active column purified
fraction F5 was recorded in 235.90 and 261.06 it’s
indicates the presence of phenolic compounds
especially phlorotannins. The UV spectral properties
are given in Fig.1. The FT-IR spectral analysis of F5
fraction of T. ornata revealed that the spectral range of
obtained functional group ranged between 400 and
4000 cm” shown in Fig.2. From the results, it was
observed that the peaks 543.93, 588.29 and 648.08 cm’
"may be due to C-Br bond. Followed by peak signals
recorded in 939.33 c¢cm’ may be due to nitrogen
grouping (N-O). The peaks 1112.93, 1180.44, 1240.23 cm’’
and sharp peak observed at 1020.34 cm™ may be due to
the presence of carbon, oxygen (C-O) bond. The peak
1294.24 to 2230.50 cm’ may possible presence of
carbon (C=C) double bond. Sharp peak observed in
2347.37 represents the possible presence of nitrogen,
hydrogen atoms (N-H) bond. The vibration stretch
recorded at 2850.79 and 2939.52 c¢m’ represents
presence of (C-H) bond. Finally a broad band at 3371.57
cm™ may be phenol hydroxyl group (OH").

DISCUSSION

In this study, the antioxidant activity of crude
methanolic extract and sub fractions were evaluated.
Phenolics are secondary metabolites that play a role in
the maintenance of the human body?. Earlier reports
revealed that seaweed  extracts, especially
polyphenols, have antioxidant activity’ *> . The
polyphenols of seaweeds such phlorotannins™, which
are bi-polar in nature, and mostly found in brown
seaweeds®, such as in T. ornata function as anti-
oxidative components due to the presence of multiple
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phenolic groups. In the phosphomolybdenum method,
molybdenum VI (Mo®) is reduced to form a green
phosphate/Mo®* complex. Ye et al.,*® reported higher
antioxidant activity (30.50pmol FeSo,/mg) in the
ethanol extract of the brown seaweed Sargassum
pallidum. When a DPPH solution is mixed with a
substrate acting as a hydrogen atom donor, a stable
non-radical form of DPPH is obtained with the
simultaneous change of the violet color to pale
yellow”. The various phlorotannins can be observed
that able to overcome the sensitivity problem inherent
in the detection of endogenous radicals in biological
systems. Furthermore, several phlorotannins that
purified from Ecklonia cava are responsible for
antioxidant activities and shown protective effects
against hydrogen peroxide-induced cell damage *®. In
addition, eckol, phlorofucofuroeckol A, dieckol, and 8,
80-bieckol have shown a potent inhibition of
phospholipid peroxidation at 1pM in a liposome
system® and these phlorotannins have significant
radical scavenging activities against superoxide and
DPPH radicals effectively compare with ascorbic acid
and a-tocopherol.

In this study, the antioxidant activity of crude
methanolic extract and sub fractions were evaluated.
The F5 fraction was exhibited higher total phenol
content and antioxidant properties. The present
findings suggest that F5 fraction contain phlorotannins,
based on the UV-Vis and FT-IR spectral analysis. The

present findings appear phlorotannin (Phenol)
compound responsible for the high antioxidant
activities in this seaweed (T. ornata). Phenolic

compounds (phlorotannin) could elevate the value of
seaweeds as functional ingredients in pharmaceuticals
or functional foods.

ACKNOWLEDGEMENT
The authors are grateful to Prof. K. Kathiresan,
Director, Centre of Advanced Study in Marine Biology,
Annamalai University for providing the necessary
facilities.

REFERENCES
1. DeVries DJ, Beart PM, Fishing for drugs from the sea:
status and strategies, Trend Pharmacol Sci, 1995, 16, 275-
279.

2.  Gerwick WH, Bernart MW, Eicosanoids and related
compounds from marine algae. In: Attaway DH,
Zaborsky  OR  (eds) Marine biotechnology.
Pharmaceutical and bioactive natural products, vol 1.
Plenum Press, NY, p 101-152, 1993.

3. Plaza M, Cifuentes A, Ibanez E, In the search of new

functional food ingredients from algae, Trend Food Sci
Tech, 2008, 19, 31-39.

www.ijbio.com

10.

1.

12.

13.

14.

15.

16.

17.

18.

1188

Int. J. Bioassays, 2013, 02 (09), 1185-1189

Smit AJ, Medicinal and pharmaceutical uses of seaweed
natural products: a review, Journal of Applied
Phycology, 2004, 16, 245-262.

Wang T, Jonsdéttir R, Olafsdéttir G, Total phenolic
compounds, radical scavenging and metal chelation of
extracts from Icelandic seaweeds, Food Chem, 2009, 116,
240-248.

Jormalainen V, Honkanen T, Variation in natural selection
for growth and phlorotannins in the brown alga Fucus
vesiculosus, J Evol Biol, , 2004, 7(4), 807-820.

Koivikko R, Loponen J, Pihlaja K, Jormalainen V, High-
performance liquid chromatographic analysis of
phlorotannins from the brown alga Fucus vesiculosus,
Phytochem Anal, 2007, 18(4), 326-332.

Hemat RAS, Fat and muscle dysfunction. In: Hemat RAS
(ed) Andropathy, Urotext. Dublin, Ireland, 2007.

Harborne JB, The Flavonoids: Advances in Research
Since 1986. Chapman and Hall, London, UK. 1993.

Rice-Evans CA, Miller NJ, Bolwell PG, Bramley PM,
Pridham JB, The Relative Antioxidant Activities of Plant-
Derived Polyphenolic Flavonoids, Free Rad Res, 1995, 22,
375-383.

Rice Evans C, Miller NJ, Paganga G, Structure-antioxidant
activity relationships of flavonoids and phenolic acids,
Free Rad Biol Med. 1996, 20, 933-956.

Santoso J, Yoshie Y, Suzuki T, The distribution and profile
of nutrients and catechins of some Indonesian
seaweeds, Fish Sci, 2002, 68, 1647-1648.

Yoshie Y, Wang W, Petillo D, Suzuki T, Distribution of
catechins in Japanese seaweeds, Fish Sci, 2000, 66(5),
998-1000.

Yoshie-Stark Y, Hsieh YP, Suzuki T, Distribution of
flavonoids and related compounds from seaweeds in
Japan, J Tokyo Uni Fish, 2003, 89, 1-6.

Yan X, Li X, Zhou C, Fan X, Prevention of fish oil rancidity
by Phlorotannins from Sargassum kjellmanianum, J Appl
Phycol, 1996, 8, 2001-2003.

Lim SN, Cheung PCK, Ooi VEC, Ang PO, Evaluation of
antioxidative activity of extracts from a brown seaweed,
Sargassum siliquastrum, J Agri Food Chem, 2002, 50,
3862-3866.

Lee JH, Park JC, Choi JS, The antioxidant activity of
Ecklonia stolonifera, Arch Pharmacol Res, 1996, 19, 223-
227.

Tiitto JR, Phenolic constituents in the leaves of northern
willows: methods for the analysis of certain phenolics, J
Agri Food Chem, 1985, 33, 213-217.



Girija et al.,:

19.

20.

21.

22.

23.

24.

Prieto P, Pineda M, Aguilar M, Spectorophometric
quantification of antioxidant capacity through the
formation of phosphomolybdenum complex: specific
application to the determination of vitamin E, Anal
Biochem, 1999, 269, 337-341.

Yen GC, Chen HY, Antioxidant activity of various tea
extracts in relation to their anti-mutagenicity, J Agri
Food Chem, 1995, 43, 27-37.

Latha S, Daniel M, Phenolic antioxidants of some
common pulses, J. Food Sci Technol, India. 2001, 38, 272.

Yan X, Li X, Zhou C, Fan X, Fucoxanthin as the major
antioxidant in Hijikia fusiformis, common edible
seaweed, Biosci Biotech Biochem, 1999, 63, 605-607.

Kuda T, Tsunekawaa M, Goto H, Araki Y, Antioxidant
properties of four edible algae harvested in the Noto
peninsula, Japan, J Food Comp Anal, 2005, 18, 625-633.

Burtin P, Nutritional valuae of Seaweeds, Electronic J.
Environ. Agri. Food Chem, 2003, 2, 498-503.

25,

26.

27.

28.

20.

Int. J. Bioassays, 2013, 02 (09), 1185-1189

Targett NM, Arnold M, Predicting the effects of brown
algal phlorotannins on marine herbivores in tropical and
temperat oceans, J Phycol, 1998, 34, 195-205.

Ye H, Zhou C, Sun Y, Zhang X, Liu J, Hu Q, Zeng X,
Antioxidant activities in vitro of ethanol extract from
brown seaweed Sargassum pallidum, European J Food
Res Technol, 2009, 230(1), 101-109.

Molyneux P, The use of the stable free radical
diphenylpicrylnydrazyl (DPPH) for the Antioxidant
activity. Songklanakarin, J Sci Tech, 26(2), 2004, 211-219.

Kang KA, Lee KH, Chae S, Zhang R, Jung MS, Lee Y, Kim
SY, Kim HS, Joo HG, Park JW, Ham YM, Lee NH and Hyun
JW, Eckol isolated from Ecklonia cava attenuates
oxidative stress induced cell damage in lung fibroblast
cells, FEBS Lett, 2005, 579, 6295-6304.

Shibata T, Ishimaru K, Kawaguchi S, Yoshikawa H, Hama
Y, Antioxidant activities of phlorotannins isolated from
Japanese Laminariaceae, J Appl Phycol, 2008, 20, 705-
711.

Source of support: Nil
Conflict of interest: None Declared

www.ijbio.com

1189



