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Potential Antioxidant Capacity of Sulfated Polysaccharides from
the Edible Marine Brown Seaweed Fucus vesiculosus
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Fucus vesiculosus was sequentially extracted with water at 22 °C (fraction 1 (F1)) and 60 °C (F2),
and with 0.1 M HCI (F3) and 2 M KOH (F4) at 37 °C. Soluble fractions (42.3% yield) were composed
of neutral sugars (18.9—48 g/100 g), uronic acids (8.8—52.8 g/100 g), sulfate (2.4—11.5 g/100 g),
small amounts of protein (<1—6.1 g/100 g), and nondialyzable polyphenols (0.1—2.7 g/100 g). The
main neutral sugars were fucose, glucose, galactose, and xylose. Infrared (IR) spectra of the fractions
showed absorption bands at 820—850 and 1225—1250 cm™1 for sulfate. F1, F2, and F4 also exhibited
an absorption band at 1425 cm™1, due to uronic acids, and their IR spectra resembled that of alginate.
F3 had an IR spectrum similar to that of fucoidan with an average molecular weight of 1.6 x 10° Da,
calculated by molecular exclusion high-performance liquid chromatography. The presence of fucose
in this polysaccharide was confirmed by *H NMR spectroscopy. This fraction showed the highest
potential to be antioxidant by the ferric reducing antioxidant power (FRAP) assay, followed by the
alkali- and water-soluble fractions. Sulfated polysaccharides from edible seaweeds potentially could
be used as natural antioxidants by the food industry.

KEYWORDS: Edible seaweed; sulfated polysaccharide; antioxidant capacity; ferric reducing ability; Fucus
vesiculosus
INTRODUCTION the precise chemical structures of these polysaccharides are still

Seaweeds have been consumed in Asia since ancient timesunknown, two different structural models have been proposed

but to a much lesser extent in the rest of the wotl®]. Edible for fucoidans (0, 13). However, other studies have shown that
seaweeds are a rich source of dietary fiber, minerals andthe sulfated fucans of brown algae are present in a continuous
proteins (3—7). Cell walls from marine algae characteristically fspectrum Otf (_:o_mpoqus, fro;n E'.gmuronl'fc'ta%'i" Io_vc\j/;lgfate-,
contain sulfated polysaccharides, which are not found in land ;JCOSE-COH aining pl)obyl/mers 0 tlg tyjubat?[h ut:jm td)( |
plants and which may have specific functions in ionic regulation h.uchalms are very S? l: € onI(::e X ra$ ed, bu €y dono deve op
(8). Seaweed dietary fibers are particularly rich in the soluble Ighly VISCOUS SOIUlionS. FUcans from brown Seaweeds are
fractions, which in red seaweeds are mostly composed of byprodl_Jct_s In th_e preparation of alginates for the food and
sulfated galactans, such as agar or carrageergr& 9). In cosme.t|c industries (14).

brown seaweeds, soluble dietary fiber polysaccharides are Laminarans are not cell wall components but resgiggu-

essentially made of cellulose (8, 10). of branching, but they are not thickening nor gelling agents,

Alginates are cell wall polyuronides, which consist of Nor do they have current commercial use on an industrial scale

alternating units of mannuronic and guluronic acids; as poly- 6, 11).
electrolytes, their solubility depends on pH. Their gelling Dietary fibers from edible seaweeds are little or non-digested
characteristics are influenced by the mannuronic to guluronic by man @,4,5,9, 15). In addition, sulfated polysaccharides of
acid ratio and the presence of divalent cations. The different soluble fibers from marine algae are not toxic for human, and,
thickening and gelling properties of alginates find wide ap- especially fucans and alginic acid derivatives, are known to
plications in the food and pharmaceutical industty 11). exhibit different biological properties: anticoagulant, anti-in-
Fucans are cell wall polysaccharides composed of variable flamatory, antiviral, or antitumoral activitie14, 16—18).
amounts of fucose, uronic acids, galactose, xylose, and sulfate.The anticoagulant activity of sulfated polysaccharides from
They have been classified into three families, according to their sSeaweeds has been the most investigated property as researchers
chemical composition: fucoidans (homofucans), ascophyllans, attempt to find a substitute for heparin. In sulfated fucans, the
and glycuronofuco-galactans sulfat®, 8, 10, 12). Although anticoagulant capacity was shown to be related to sulfate content
(19). The revised structure of fucoidan, a complex sulfated fucan
*To whom correspondence should be addressed [telephone (34-91)fr0m Fucus vesiculosusmay explain some of its biological
54?5607, fax (34-91) 5493627, email pruperez@if.csic.es]. activities (13).
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of seaweeds have been evaluated for antioxidant activity by liquid chromatography (GLC) as alditol acetat@8) with inositol as

lipoxygenase inhibition, 1,1-diphenyl-2-picrylhydrazyl (DPPH*)
free radical scavenging activity and deoxyribose ass2Q/22(0).
The antioxidant activity of polyphenolic-rich extracts from
edible seaweds has also been repors).(

In none of the above-mentioned reports was the antioxidant

internal standard. A Shimadzu gas chromatograph model GC-14A
equipped with a flame ionization detector (FID), an automatic injector
(AOC-14), and a Hewlett-Packard HP-Chem Station with an HP-Deskjet
600 printer were used. The column was a Supelco SP-2330 capillary
fused silica, 30 mx 0.32 mm i.d., 0.2«m film thickness. The oven,
injector, and detector temperatures were 2@(isothermal), 270C,

activity of sulfated polysaccharides from seaweeds tested. ang 270°C, respectively. The split ratio was 1:5, and the carrier gas
Recently, several marine alginate derivatives (23), sulfated (nitrogen) head column pressure was 0.75 kd/cm

fucoidans from the brown seaweé@dminaria japonica(24)
and agar-like sulfated galactans from the red seaweed R&Y;i (
were evaluated for antioxidant activity by different in vitro
methods.

As we presumed thdtucusfractions could possibly exhibit
antioxidant power, the aim of this work was to obtain and
analyze sulfated polysaccharides frémacus vesiculosusand
to test their potential as antioxidants by the FRAP assay.
Additionally, a partial characterization of fraction F3, which
gave the highest reducing power, was undertaken.

MATERIALS AND METHODS

Raw Material. The brown seaweegucus(Fucusvesiculosus) was

obtained from a local supplier (Algamar C. B., Redondela, Pontevedra,

Uronic acidswere determined in 1 M p$Os-hydrolyzates for 1.5 h
of Fucusfractions and alginate with 3,5-dimethylphenol as the reagent
by the method of Scott2Q). Uronic acids were calculated with
galacturonic acid as a standard and corrected for incomplete recovery
of uronic acids (26.9 g/100 g) from alginate hydrolysis.

Sulfatewas determined spectrophotometrically by the getaiarium
chloride turbidimetric method3Q). In brief, polysaccharidic fractions
(5 mg) were first hydrolyzed with 1 M HCI (1 mL) at 10% for 16
h. Then, samples were passed through a Whatman GF/A glass
microfiber filter (7 cm diameter) and their volume was made up to 2
mL with distilled water. Aliquots (0.2 mL) of the filtrate were taken
and evaporated to dryness in SVL tubes at@@nder reduced pressure
to remove HCI. Then, distilled water (0.2 mL), trichloroacetic acid
reagent (3.8 mL), and gelatitbarium chloride reagent (1 mL) were
added to each tube and mixed. After 15 min, absorbance was measured
at 500 nm. Sulfate content in the samples was calculated with a

Spain). Fresh marine seaweeds were collected in the spring of 1998, calibration curve of KSQ, (50—200ug SQ?2").

dried in the shade, and packed in polyethylene plastic bags for
commercial distribution. Edible seaweeds were freeze-dried, milled to
a particle size of less than 1.0 mm, and stored in airtight plastic flasks
at 22°C until analysis. Residual moisture content was determined by
drying to constant weight at 105C in an oven. All analyses were

performed in triplicate and results are reported on a dry matter basis.

Commercial standards of polysaccharides, laminaran (frami-
naria digitata), fucoidan (crude frorfrucusvesiculosus)g-cellulose,
and sodium alginate, were obtained from Sigma-Aldrich Chemicals
(Alcobendas, Madrid, Spain).

Sequential Extraction of Seaweed PolysaccharideShe procedure
was based on the different solubilities of the polysaccharides from

Soluble polyphenolsvere determined spectrophotometrically in
aqueous solutions of polysaccharide fractions F1 to F4 frarous,
by the Folin—Ciocalteau method, using gallic acid as a stand&iry (
and they were expressed as gallic acid equivalents (GAE).

Protein. Total nitrogen in freeze-dried polysaccharide samples was
determined with a Leco FP-2000 protein/nitrogen analyzer. In brief,
powdered samples (50—100 mg) were weighed into ceramic boats and
loaded into the FP-2000 analyzer, where they were combusted in the
pure oxygen environment of the furnace. After passing through a
thermo-electric cooler to drop out water, an aliquot from combustion
gases was taken. Gases were scrubbed, and all nitrogen was reduced
to N, and detected by a thermal-conductivity cell. A blank without

brown seaweeds. Seaweeds (5 g) were extracted with distilled watersample was run, and the instrument was calibrated with EDTA. Protein

(500 mL) with constant stirring at 22C for 1 h (fraction 1 (F1)) and,
again, with water (500 mL) at 62C for 1 h (F2), to remove the bulk

was calculated as nitrogex 6.25.
Infrared Spectra. Infrared spectra (IR) of freeze-dried polysaccha-

of the water-soluble polysaccharides. The water-insoluble residue wasridic fractions from Fucus and commercial polysaccharides for

then sequentially extracted with 0.1 M HCI (500 mL) (F3) and with 2
M KOH (500 mL) (F4), each treatment at 3C for 16 h. The insoluble
residue was washed with 2 M HCI (100 mL) and distilled water until
neutral pH, and then dialyzed against running tap water (7 L/h) for 48
h and freeze-dried (F5, recovery 742 mg).

Each soluble fraction (F1 to F4) was filtered through a No. 3 sintered

comparison (alginate, laminaran, fucoidan, and cellulose) were obtained
as KBr disks, phase resolution 128, and averaging 25 scans/min, using
a Bruker IFS 28 Equinox infrared spectrophotometer, equipped with
an OPUS-2.52 software for data acquisition.

Potential Antioxidant Activity of Soluble Polysaccharide Frac-
tions by the Ferric Reducing/Antioxidant Power (FRAP) Assay.

glass funnel (9.5 cm diameter) under reduced pressure. Then, the pHThis method allows determination of the ferric reducing ability©l

of the acid and alkali extracts was adjusted to 5.5, either with 2 M
KOH or with concentrated HCI, as appropriate, and all of the extracts
were dialyzed against water for 48 h (size 9/28.6 mm dialysis tubing,
molecular weight cutoff 1214 kDa, Medicell International Ltd.,

Fe' converted into F®) in aqueous solutions of the samples, as a
measurement of their antioxidant power. The reducing power of soluble
polysaccharidic fractions (F1 to F4) frofRucus was determined
according to Benzie and Strai@2), as modified by Pulido et al38).

London). The dialyzed solutions were concentrated under reduced The FRAP reagent contained 2.5 mL of a 10 mmol/L TPTZ [2,4,6-

pressure at 40C and kept at-20 °C. An aliquot from each supernatant

tri(2-pyridyl-5-triazine) Fluka Chemicals, Madrid, Spain] solution in

solution (F1 to F4) was freeze-dried for chemical analyses, and infrared 40 mmol/L HCI plus 2.5 mL of 20 mmol/L FegbH,O and 25 mL of

(IR) and proton nuclear magnetic resonanéel (N\MR) spectra.
Recoveries of soluble fractions (mg): F1, 504.2; F2, 158.4; F3, 169.8;
F4, 1283.6.

Chemical Analysis of Polysaccharide Fractions.Freeze-dried
samples and commercial polysaccharide standardsi&0ng) were
hydrolyzed either with 0.05 M b8, (10 mL) at 105°C for 5 h (partial
hydrolysis) or by the Saeman hydrolysB6) with 12 M HSO, (1.5
mL, 30°C, 1 h). Then concentrated sulfuric acid was diluted to 1 M
H,SO,, and samples were hydrolyzed at 106 for 1.5 and 2.5 h
(complete sugar hydrolysis).

Neutral sugarsn Fucusfractions and commercial polysaccharide

0.3 mol/L acetate buffer, pH 3.6. In brief, 904 of freshly prepared
FRAP reagent at 37C was mixed with 9Q:L of distilled water and

30 uL of test sample (or water for the reagent blank). Absorbance
readings at 595 nm were taken every 15 s from 0 to 30 min using a
Beckman DU-640 spectrophotometer (Beckman Instruments Inc.,
Fullerton, CA) equipped with an automatic 6-cell holder thermostated
at 37°C. Aqueous solutions of known feconcentrations (1002000
umol/L FeSQ-7H,0) were used for calibration. Results were expressed
asumol Fe'/g sample dry weight. For comparison of potencies, values
were also calculated asmol Trolox/g sample dry weight from
regression equations previously publish&8)(of Trolox at 4 and 30

standards (laminaran, fucoidan, and cellulose) were quantified in the min of reaction with the FRAP reagent.

hydrolyzates colorimetrically by the anthrone method with d-glucose

Molecular Weight Determination by HPLC. Average molecular

as a standard (27). Neutral sugars in hydrolyzates of commercial weight of polysaccharide F3 frofucuswas determined by molecular

polysaccharides and fractions were identified and quantified by gas

exclusion HPLC on a TSK-Gel G 5000 PW stainless steel column (300



842 J. Agric. Food Chem., Vol. 50, No. 4, 2002 Rupérez et al.

Table 1. Chemical Composition of Polysaccharide Fractions from Fucus vesiculosus (g/100 g dry weight)?

total carbohydrate

fraction yield (%) neutral sugar uronic acids® sulfate protein polyphenols (GAE)
F1 10.1 33.3+26 39.1+12 6.4+0.7 14+0.2 15+0.0
F2 32 253+18 36.8+15 51+09 42+0.0 27+0.8
F3 34 484+12 88105 115+0.1 trace 01400
F4 25.7 189+0.3 52.8+18 24+0.0 6.1+04 11+0.0
F5 14.8 7100 51+0.2 1.7+08 26+0.1 nd

2 Data are mean value of triplicate determinations + standard deviation; F1, soluble in water at 22 °C; F2, soluble in water at 60 °C; F3, soluble in 0.1 M HCI at 37
°C; F4, soluble in 2 M KOH at 37 °C; F5, insoluble residue. Neutral sugar and uronic acids in sulfuric acid hydrolysates by gas chromatographic and colorimetric methods,
respectively. GAE, gallic acid equivalents; trace is less than 1 g/100 g; nd, not determined. ° Values calculated with galacturonic acid as standard and corrected with
alginate values.

Table 2. Neutral Sugars Determined by GLC (g/100 g dry weight) in Hydrolyzed Fractions of Fucus vesiculosus?

neutral sugars sulfuric acid hydrolysis F1 F2 F3 F4 F5
0.05M,5h 105+ 0.4 72+12 23.3+34 49+0.1 14+01
fucose 1M,15h 141+1.1 81+0.8 335+28 65+0.1 28+03
1M,25h 138+0.1 85+0.5 39.1+22 76+0.2 30+05
0.05M,5h 09+0.1 12403 20+03 1.0+01 0
xylose 1M,15h 28+0.6 24+0.2 23+0.1 17+0.2 0
1M,25h 19404 2303 28+0.2 18+0.3 0
0.05M,5h 0 0 0 0 0
galactose 1M,15h 23104 25+0.0 19400 21+03 0
1M,25h 44+15 34+10 22+03 23%0.3 0
0.05M,5h 13+04 0 0 0 0
glucose 1M,15h 65+1.7 48+0.3 0 22+0.1 21+0.1
1M,25h 78+0.8 46+0.0 0 28+0.3 30+12
0.05M,5h 128+0.8 85+14 253+35 59+0. 14+0.1
total sugar 1M,15h 25.7+3.9 17.7+13 378+26 125+05 49+04
1M,25h 27.9+30 18.8+0.2 441+16 145+0.7 6018

@ Data are mean value of triplicate determinations + standard deviation; F1, soluble in water at 22 °C; F2, soluble in water at 60 °C; F3, soluble in 0.1 M HCI at 37
°C; F4, soluble in 2 M KOH at 37 °C; F5, insoluble residue.

x 7.5 mm i.d.) with a TSK-Gel PWH guard column (357.5 mm pH 6 and 9. Finally, the acid- and alkali-insoluble material
i.d.) from TosoHaas (Teknokroma, Barcelona, Spain). The column was contained residual polysaccharides plus cellulose.

eluted isocratically with Milli-Q filtered and degassed water at’@0 The vi . : :
. ) N yield and composition of polysaccharide fractions from
with a flow rate of 0.8 mL/min. A blue dextran-2000 standard, average Fucus are shown inTable 1. Total recovery (57.2%) cor-

molecular weight 2,000 kDa (Pharmacia Biotech Europe GmbH, . .
Barcelona, Spain), and a Shodex pullulan standard P-82 kit (range ofresponded to nor_ldlalyzable compounds, as free mlnerals and
molecular weights in kDa: P-808 788, P-400= 404, P-200= 212, low-molecular-weight substances were removed during exhaus-
P-100= 112, P-50= 47.3, P-20= 22.8, P-10= 11.8, P-5= 5.9: tive dialysis of the fractions. Recovery of soluble fractions{F1
Showa-Denko, Japan) obtained from Waters Chromatography, S. A. F4) amounted to 42.3% of the seaweed dry weight. Main
(Madrid, Spain) were used for calibration of the molecular size. A components were neutral sugars (1848.4 g/100 g), uronic
portion of an aqueous solution of the sample (F3) and standards (2acids (8.8—52.8 g/100 g), and sulfate (241.5 g/100 g). F1,
mg/mL) were filtered through 0.22m filters, and 5Q.L was injected F2, and F4 contained a high proportion of uronic acids from
into the HPLC. Average molecular weight of polysaccharide peaks in g|ginates. F3 showed the highest neutral sugar content. The
3 skl by sompatson of e Stnton s W € inzouble residue (FS) repesented 14,85 of the seaweed and
y : its carbohydrate content, which was quite low, could be related

autosampler 360, Kontron pump system 325, Waters differential . R .
refractometer, Jones chromatography thermostatic oven, Kontron Data!© the high values of Klason lignin (31.1 g/100 g) associated to

System 450-MT2, and Hewlett-Packard Deskjet 600 printer. the insoluble dietary fiber ofucus vesiculosus(7). Minor

H NMR Analysis. An aliquot of freeze-dried F3 (8 mg) frofucus components in all fractions were protein and nondialyzable
was dissolved in 2 mL of BD and filtered through 0.4am filters to polyphenols (Table 1).
remove insoluble materialH NMR spectra were obtained inzD Neutral sugars determined by GLC in partially and completely

solutions at 70°C, acquisition time 3 s and 128_repeti_tion‘s, in an hydrolyzed fractions oFucusare shown infable 2. Main sugar
INOVA-400 spectrophotometeft, 400 MHz). Chemical shiftsinppm  ejeased from fractions with 0.05 M sulfuric acid for 5 h
(0) are related to HOD residual peak (4.31 ppm at'@. corresponded to fuco-furanose. Regarding complete sugar
hydrolysis, except for F5 (insoluble residue), sugar recoveries
as determined by GLC were slighty higher in 2.5 h-hydrolyzates.
Sequential Extraction and Chemical Analyses of Polysac- F1 and F2 contained fucose, glucose, galactose, and xylose.
charide Fractions. The sequential extraction procedure was Glucose is the main constituent of laminarans. The acid-soluble
based on the different solubilities of polysaccharides from brown fraction (F3) was mainly composed of fucose (39.1 g/100 g)
seaweeds. Laminarans are soluble, but their solubility in water and small amounts of xylose and galactose. A great proportion
depends on the branching level: the higher the branching degreemust be fuco-furanose (23.3 g/100 g), considering it was released
the higher the solubility; thus, low-branched laminarans are after partial sugar hydrolysis; fuco-furanose has been reported
soluble only in warm water (60680 °C) (5). Fucans were infucoidan fromFucusvesiculosusThis fraction would mainly
extracted with diluted hydrochloric acid, meanwhile alginates contain fucoidan, a polysaccharide composed of sulfated fucose
were extracted with 2 M KOH. Alginates form insoluble (10, 13). This polysaccharide was composed of fucose (97%),
precipitates at acid pH, but they are stable in solution between with trace amounts of galactose and xylos&%o), uronic acids

RESULTS AND DISCUSSION
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Table 3. Ferric Reducing Ability/Antioxidant Power Values? of Soluble
Polysaccharide Fractions from Fucus vesiculosus

4 min 30 min

fracton ~ umol Fe(ll)lg ~ wmol Trolox/g ~ umol Fe(ll)lg  wmol Trolox/g

5 F1 782+13 39.1+£0.6 113.9+20.8 545+9.2

F2 92.3+10.4 549+46 191.0+17.7 975+78

F3 209.8+45 99.7+2.0 263.9+4.8 1230+21
F4 101.1+1.6 511+07 167.6 +6.7 80.0£3.0

@ Results are expressed as umol equivalent of Fe(ll) or Trolox per gram dry

weight of fractions in agueous solution. Data are mean value of triplicate deter-

4 minations + standard deviation; F1, soluble in water at 22 °C; F2, soluble in water
at 60 °C; F3, soluble in 0.1 M HCI at 37 °C; F4, soluble in 2 M KOH at 37 °C.

Transmittance (%)

3 meanwhile, the IR spectrum of F4 resembled that of an alginate

plus sulfate, possibly from residual fucoidan.

Potential Antioxidant Activity of Soluble Polysaccharide

Fractions by the FRAP Assay.The current literature reports
2 that many different in vitro methods are being used to evaluate
antioxidants of interest in food and biological systerd4)( In
some of these protocols, samples were extracted with organic
solvents and antioxidant assays were performed in alcoholic
solutions 20—22); however, on these conditions polysaccharides
would precipitate. Thus, the antioxidant power of sulfated

, . ' ’ : . polysaccharides frorRucusin aqueous solution (Table 3) was
2000 1800 1600 1400 1200 1000 800 600 estimated from their ability to reduce TPTZ-Fe(lll) to TPTZ-

Wave number (cri’) Fe(ll) complex, as determined by the FRAP ass3¥, 33).

FRAP values increased considerably from 4 to 30 min, as it
has been described for other vegetable and seaweed samples
(22). F3, which contained fucoidan, showed the highest reducing
power at 4 and 30 min (209.8 and 26380l Fe(ll)/g sample
dry weight, respectively). When FRAP values for F3 were

(3—4%), and differential sulfate content of fucan chaih3)( expressed gsmol Trolox/g sample dry weight for comparison
Fucans obtained frofucusvesiculosusaind some other brown ~ (Table 3), they were 3.8 times higher at 4 min than a
algae by sequential chemical extraction were in a continuous Polyphenolic-rich extract fronfucus (22). Of the seaweeds
spectrum of compounds from highly sulfated homofucans, to tested, organic extracts frof vesiculosushowed the highest
high-uronic acid, low-sulfate, and fucose-containing polymers, antioxidant activity with both DPPH* and FRAP assays, and
The general composition of the fucans depended on their 900od efficiency in the in vitro inhibition of LDL oxidation2@2).

extraction sequence (12). F4 (alkali-soluble) was composed of The antioxidant activity oFucusextracts was attributed to their
fucose, glucose, galactose, and xylose. This fraction would phloroglucinol content, because carbohydrates had been removed

Figure 1. Infrared spectra of polysaccharide fractions from Fucus
vesiculosus. F1, soluble in water at 22 °C; F2, soluble in water at 60 °C;
F3, soluble in 0.1 M HCl at 37 °C; F4, soluble in 2 M KOH at 37 °C; F5,
insoluble residue.

contain the bulk of the alginates (52.8 g/100 g, Jeble 1). in the p(eparation of the samples. In our study, polyphenol
The insoluble residue (F5) contained small amounts of residual content in F3 Table 1) was the lowest of all the soluble
fucose and glucose from cellulose. fractions tested for antioxidant power.

Infrared Spectra. IR spectra of polysaccharide fractions from ~ F1 and F2, rich in alginates and laminaran, and F4 which
Fucus vesiculosusare shown inFigure 1. Fractions F1, F2, contained the bulk of alginates, exhibited lower antioxidant
F4, and F5 showed a small absorption band at 820%cof potentials than F3 (Table 3). Nevertheless, except for F1 at 30
sulfate groups at an equatoria| pos|t|d_r$(16) F3 had a broad min, FRAP values were hlgher than those obtained preViOUSly
absorption band at 850 crhy absorption at 844 cni was for organic extracts fronfrucus(22).
reported for fucoidan and it was suggested to be due to sulfate The antioxidant potential of sulfated polysaccharides from
groups at the axial C-4 position of fucosk3j. Absorption in the brown seaweeBucusvesiculosusdy the FRAP assay was
all fractions at 1225—1255 cm was also due to sulfate. The higher than that of agar-like sulfated galactans from the red
band was larger in F3 in accordance with its higher sulfate seaweed Nori (25). This was in agreement with Matsukawa et
content. This band is common to all sulfated polysaccharides al. (20), who found that the antioxidant activity of brown algae
and it is an index of the degree of sulfation: its intensity was superior to that of red or green groups.
increasing with the sulfate content. A broad absorption band at Although the antioxidant capacity of organic or aqueous
1240 cnr! was also found in sulfated polysaccharides from the extracts from seaweeds has been screened by different in vitro
brown seaweed Wakame, indicating the presence of ester sulfatenethods (2021), their composition was generally not ascer-
(16). A small shoulder at 1730 crh (F1, F2, and F3) and a  tained. Thus, there are very few reports in the literature on the
large absorption band at 1425 chin F1, F2, and F4 were due  antioxidant capacity of sulfated polysaccharides from brown
to uronic acids, in agreement with a higher uronic acid content seaweeds. Antioxidant properties of alginate derivatives in a
in these fractions. The IR spectra of F1 and F2 were quite similar phosphatidylcholine—liposomal suspensi@38) and of crude
and resembled that of sulfate-containing laminaran and alginateand modified sulfated fucoidans frobraminaria japonicain
standards. F3 had an IR spectrum similar to that of commercial LDL oxidation systemsZ4) have been studied. However, the
fucoidan and fucoidan preparation previously report&8);( relationships between structure of seaweed polysaccharides
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Figure 2. Molecular weight determination of polysaccharide fraction F3 (acid-soluble) from Fucus vesiculosus by HPLC. Range of molecular weight in
kDa: P2000 = 2000; P800 = 788; P400 = 404; P200 = 212; P20 = 22.8; Glc, glucose.

-0

(alginate, fucoidan and its derivatives) and antioxidative mech-
anisms have not yet been elucidated. According to Xue et al. HOD
(23), differences in antioxidant abilities of alginates might be
related to sulfate content and molecular weight. Moreover,
anionic groups in alginates would display a significant antioxi-
dant effect 23). Different molecular weight and neutral sugar
composition of fucoidans from. japonicawould also play a

role inhibiting human LDL oxidation in vitroZ4).

Molecular Weight Determination by HPLC. Further work
focused on F3, which contained a fucoidan-like polysaccharide
and exhibited the highest antioxidant potential. ThHtigure 2
shows its molecular weight determination by HPLC. Main peak
in the chromatogram amounted to 92% of the fraction, and its
average molecular weight was 16 10° Da. Minor peak
average molecular weight was 43,000 Da. The main sulfated
polysaccharide was larger than the average size of 680,000 Da,
which was previously reported for high-molecular-weight fu-
coidan (13,19). Differences could be due to the extraction )
method or to seasonal or geographical variations.

IH NMR analysis. TheH NMR spectrum of F3 fronfFucus Ny Y T Y R T R Y YT
(Figure 3), showed an intense band at 1.4 ppm due to 6-deoxi-
sugar protons, corresponding to the main neutral sugar in this
fraction, fucose. The intensity of the peaks in the spectrum was
proportional to the number of protons in the fraction. Apparently, which sulfated polysaccharides from marine algae exert their
there was a mixture oéi- and S-glycosidic linkages in the antioxidant power are still unknown. In this sense, it is of great
polysaccharide, as inferred from the lower intensity bands at interest to have available highly purified and well characterized
about 5.5 and 4.8 ppm due to anomeric protoos &nd sulfated polysaccharides with which to elucidate their mode of
B-glycosidic configuration, respectively). The ratio of the intense action. Antioxidant activity may arise not only from polyphenols
peak at 1.4 ppm and the peaks corresponding to anomeric(22), but from some other components of polysaccharides from
protons was approximately 2.8. edible seaweeds. Sulfated polysaccharides, and especially fu-

In summary, sulfated polysaccharides fréorcusvesiculosus cans, byproducts in the preparation of alginates from edible
and especially F3 which contained fucoidan, exhibited antioxi- brown seaweeds, could be used as sources of natural antioxidants
dant potential. Nevertheless, at present, the mechanisms bywith potential applications in the food industry.

Fuc-CHz

Figure 3. 'H NMR spectra of polysaccharide fraction F3 (acid-soluble)
from Fucus vesiculosus obtained in D,O at 70 °C.
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