Chemleeh

" x International Journal of ChemTech Research
RESEARCH CODEN( USA): IJCRGG  ISSN : 0974-4290
www.sphinxsai.com Vol.6, No.1, pp 195-205, Jan-March 2014

Extraction Optimization by Response Surface Methodology
and Characterization of Fucoidanfrom Brown Seaweed
Sargassum polycystum

Sugiono*, Simon Bambang Widjanarko, Loekito Adi Soehono

Food Science and Technology Department, Brawijaya University,
Malang, Indonesia 65141.

*Corres.author: anissugiono@ymail.co.id
Phone and Fax : +62-341-56921.

Abstract: Fucoidanwere recovered fro8argassum polycystum by single-step extraction with ultrasonic wave
pretreatment (amplitude 80%, 15 minute).Extractiereoptimized using central composite design obesp
surface method. Ultrasonic wave pretreatment camditwere 80%amplitude, for 15 minute. Alga solutio
0.03 MHCI ratio 1:20 (b/v) at70-9Q for 3-5 hour were evaluated duringthis processstablish a condition to
maximize the extraction. The yield (%), total cdmpdrate (mg/g), fucose (mg/g) and sulfate contémis/g)
were also determined for eachexperimental condiflom esult showed thatall extraction factors had
significant effects (p<0.05) onfucoidan yield, feeo total carbohydrate and sulfate contents. Thignaom
conditions were 8C for 4.04 hours. The validated experimental crdideoidanyield weré.15+5.58%,
131.15+1.92 mg/g fucose, 396.8+65.58 mg/gtotal aaydrate and 94.67+1.37 mg/g sulfatentents
Characterization of crude fucoidan by FTIR and HRt©wed that crude fucoidaSafgassum polycystum) is
composed by fucose, xylose, galactose, rhamnaseogg, mannose and sulfate.

Keywords: fucoidan, fucose, sulfate, sargassum polycystuinaetion methode.

Introduction

Fucoidan, a cell-wall matrix polysaccharide in broseaweed, is composed by L-fucose and sulfatadimgj
minor amounts of galactose, xylose, glucose anchos#t. Fucoidan exert various biological activities siash
antitumor and anticanceFucoidan can be extracted fr@argassum polycystum. Extraction of fucoidan from
brown seaweeds generally involves multiple, extdratpueous extractions, usually with hot acid (hgttaric
acid), and may include addition ofCa@b promote alginate precipitatidff. It has long been known that
extraction time and temperature may influence lyi¢hds and composition of the fucoidan exttadettraction

of fucoidan Gargassumhornery)at 60°C with 0.1M HCI for 2 hours in 2 extractistep, and precipitation with
4volumes 96% ethandFucoidan extractiddizikiafusiforme3 step extraction at temperature 70°Cfor 2h,
precipitation with ethanol and Ca€lEach step lasting several hours and resulted lowgarse contents.

http://www.sphinxsai.com/framesphinxsaichemtech.htm
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Ultrasonic waveextraction techniques have beeniegpifor extracting fucoidan from the brown seaweed
Laminariajaponica™ and Eucheumadenticulatum. The extraction process were fast but produceahayield.
Extraction combination using degradation by ultrasovaves followed by water bath heating can preduc
more optimal fucoidan yield and fucose content. ey, little attention devoted to the combinatidn o
extraction method followed bywaterbath heating ahdracterization of fucoidarSdrgassum polycystum).
Herein, we report the detail obmbination extraction, ultrasonic degradation amdjls-step optimization
extraction by using response surface methodolodycharacterization of fucoide®argassum polycystum.

Material and Method

Material and Reagents

Brown seaweedsargassum polycystumwas obtained from Madura island, crude fucoidan roencial was
obtained from PT. SOHO IndustriPharmasi Jakartigroform, methanol, aquadesydrochloric acid (HCI)
37%, etanol 99.8%, trifluoroacetic acid (TFA) 99%jchloroacetic acid (TCA) 99%4%$0,fenol,
cisteinhidrochloride, NaOH, Cag£lperchlorate acid (HCI), BaCb, K,SO, D-glucoseand D-xylose, L-
rhamnose, D-galaktose, D-mannose (Sigma-AldriciLdacose were purchased from Santa Cruz. All
chemicals used were analytical grade.

Single-step extraction of fucoidan

General extraction proceSargassum polycystum.Algal were washed with fresh water to remove salhd and
epiphytes, dried at sun rice and milleding an Coffee Mill 100 watts to pass through &-p® sieve,
pretreated with a MeOH-CHEH,O (4:2:1), and mixedat room temperature to remaslered matter and
phenol compounds prior to extraction.

Sargassum polycystum pretreatment diluted in 0.03 M HCI(1:20 w/v), dedgged by ultrasonic extraction
(amplitude 80%, 15 minute) and than extracted wiakerbathat 70-90C for 3-5 hours. The suspensions were
filtrated (supernatant 1) through nylon fiber tpa&ate the residual alga. The residual alga wesha&dwith
aquades (1:5 w/v) and filtrated (supernatant 2§ fiitst and second supernatant were combined (Ex¥a A
liquid fraction from Extract A was precipitated Wil M CaC} and themixture was maintained overnight at
4°Cto release and precipitate alginal@e fraction obtained byionization of Ca@las separated by filtration.
Tree volume of ethanol absolute were added toeheltant filtrate and the mixture stored at 4°C8drours.
Ethanol-precipitatedfucoidan was recovered by degttion (8,500 rpm, 15 minute, 4°C), dried at GQ°
overnight, milled and stored for further analysis.

Experimental Design of RSM

Second-orderexperiment were the extraction progpssiization using central composite design of RBith

2 variables: temperature(x1) andtime(x2). Optinmizatextraction step has 13 randomly ordered treatme
with5 replicates center point (9-13 treatments)cheaondition following the extraction process cahtr
composite rotatabled esign(CCRD) ofRSMare present@@blelbelow.Based onexperimental data, regressi
analysis and fit models polynomial equation secortty:

2 2
y:B0+ZIBiXi+218iix.2+zzlgijxixi . . . . _

i=1 i=1 i< WhereYisthe response variabjs the intercept coefficienf;, Bi,
Bjare the regression coefficients of each lineardrptec, interaction, angxx;, code from two independent

variable amplitude and time{).

The accuracy of the data analysis performed wittynmmial equations model of Design-Expert software
version7to determine thecorrelation coefficientéRyl coefficient of determination(R2) of data exii@t, total
carbohydrate, fucose and sulfatecontents. Comelatbefficient(R) and coefficient determination®Rvere
tested for statistical significance byF-test atphababilityp=0.05.
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Analysis of fucoidan characterization

The fucose content were analyzed by cistein hydooide method, sulfate content by bariumchloride-gelatin
method, total carbohydrate content byphenol-sulfuric aniethod using L-fucoseas standard

Functional group was analyzed by Infra Red SpectimgFT-IR) spectrometer (shimadzumodel 8400S)
usingl6scansand 400-4000tnequency range. The crude extractfucoidanwas arduusing potassium
bromide pellets (KBr), fucoidan were smoothed biapsium bromide powder and then pressed to 1mmatgell
Vibrational transition frequency of each spectrusnrected absorbance at base line and normalizeeebatO
and 1.

Monosaccharide composition ofcrude fucoidanextragre analyzed using High Performance Liquid
Chromatography (HPLC),10-15 mg crude extract fuagnisvere hydrolyzed with 2MT rifluoroacetic acid(0.5
ml) at 12£Cfor 2h, in aglass tube closed witlyds. The glass tube were cooled with ice-watertrifeged
at5000 rpm for 5 minute, the liquid fraction wasitnalized to pH 7 with2ZMNaOH. The sampleis injectethe
HPLC system with two column. System HPLC Knauerngan®000, pump 1000, 4050 columnoven, refractive
index detector S2300, aminex HPX87P column, tenpexa85C,aquabide smobile phasemiex HPX 87H
column, temperature 86, H,S0,0.005 M mobile phasédlow rate of0.6ml/min, injection volume of 20.

Result and Discussion

Effect temperature and time extraction on the yielducoidan

Reseach the effects of temperature and time ektradifferent on the yield of crude fucoid&argassum
polycystum, extractions were performed at 70P@Gemperature and extraction time of 3-5 h. Thédyaé crude
fucoidan increased the extraction temperature 6Q-8dd 2-4 h, decreased the extraction temperafl86’c
and 3-5 h (Figure 1b). This is consistent with répof extracting fucoidan and other polysaccharioiebrown
algaé® Statistical analysis showed significant differembetween 70°C, 80 and 96C (p<0.05).

The results showed that the treatment temperaB@€) and extraction for 4 h had positive effect oa yield

of fucoidan, meanwhile extraction at 90°C withirb 3+ decreased the yield of fucoidan. Cell walldrdwn
algaeSargassum polycystum more porous with increasing extraction temperafd@®8CC) and time (3-4 h)
brown algae increased degraded, which is out iellefar tissue of more soluble in the solvent HO3)M,
whereas at 9C and 5 hours in a 0.03 M HCI solution partiallygoeded fucoidan. Cell wall matrix
Sargassumhenslowianum in a mild acid solution (0,2 M HCI ) tend to berpos and wrinkled due to increased
temperature and extraction time, the vyield incrdas¢ 30-60C and 1-3 hours, at 8 and 5 h
extraction,fucoidan were partially degraded

Effect of temperature and extraction time on the feose contents

Treatment at 60-9C for 2-5 hours obtained 62.60 mg/g-145.28 mg/goiflmn Sargassum polycystum
fucosecontentstigure 1b’ showed that the results of treatmentat 78%9%r 3-5 hours had positive effect on
the increased fucose contents of crude fucoagassum polycystum.Fucose contents increased at 6080
and 3-4 hours, and then declined at®8-5 hours. Statistical analysis showed that tmeat temperature and
time extraction and interaction significantly atféecose contents of fucoid&argassum polycystum (p<0.05).
Fucose contents at 70°C, 3 h were 81.13 mg/g, itifteebt fucose content(145.28 mg/g)achieved at 8@@a
hours extraction, whereas the extraction tempezaifieGC and 5 hfucose content decreased 84.91 mg/g. Low
fucose content were obtained because the damaitoletules integrity in 0.03 M HClat 98 and 5 hours
extraction. Higher temperature, time and acid saled fucoidan extraction broke the cell wall matcontract
followeg by acid penetration into the intercellutissue resulting in partial degradation of fucoidacose
damag

Effect temperature and time extraction on the totalcarbohydrate contents

To investigate the effects of temperature and taxiaction difference on the total carbohydrateteonof
fucoidanSargassum polycystum, the extraction process were carried out at 7&30r 3-5 hours. The results
figure 1b” showed the treatment temperature amagktiextraction on the total carbohydrate contenalTot
carbohydrate content of fucoidan tends to incresib increasing temperature and extraction timeeraf
reaching the optimal point (80°C, 4 h) the totatbchydrate contents decline. Total carbohydrateeria
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increased at 70-8Q for 3-4 h extraction, and decline af@(B-5 h. Statistical analysis showed that tempegatu
and extraction time significantly affect the totalrbohydrate content (p<0.05). Total carbohydratetents
were 312.34 mg/g at 70°C and 3 h extraction, tigbdst total carbohydrate content were 408.74 migtaieed

at 80°C for4 h extraction, andat°@) 5 h extraction the total carbohydrate contens wacreased (353.21
mg/g). The state alleged integrity polysacchariddegules are relatively stable at 70°8Gnd 3-4 h extraction

in 0.03 M HClsolution, whereas at @ and 3-5h, polysaccharides undergo depolymerizatito free sugars
and solubility was decreased in 0.03 M HClsolutidfigher temperature and extraction time causes
depolymerization of polysaccharide into free sugas decreased solubilit§.

Effect of temperature and time extraction on the sliate content

Temperature and time extraction has negativelyifsignt effect on the sulfate contents of cruderasott
fucoidan Sargassum polycystum, sulfate contents tend to decrease with increasingperature (70-9Q) and
extraction time 3-5 h (Figure 1b™). Statisticahaysis showed that treatment temperature andatixmnatime
significantly affect the sulfate contents (p<0.0bhe sulfate content at 70°C and 3 hours were 62¢hd/g,
sulfate content at 80°C and 4 h were 98.93 mg/datsucontent decreased rapidly al®@@nd 5 hours were
82.55 mg/g. Fucoidanhas a sulfate contents thae welatively unstable in acidic solvent (0.03 M HCI
ultrasonic wave, increasing temperature (7829@nd time (3-5 h).Sulfate bond severedsulfateerds were
decreased. High-temperature treatment in 0.03 M Kalent causes partial degradation of fucoidan
Sargassumhenslowianum severed bond sulfate, sulfate contents decreag@dly at a temperature extraction
90°C and extraction time of 5-10.h

Prediction models and statistical analysis

Predictive models of quadratic polynomial equatio@sponse vyield fucoidan, fucose contents, total
carbohydrate contents and linear regression thpomsg sulfate content result analysis regression of
experimental data fucoidaBargassumpolycystum. Results of analysis of variance experimental datalel
polynomial multiple responses fucoidanhas valudfimient determination Rbetween 0.9055 and 0.9840 fit
between the experimental results with the predigtdde of the program, a second-order polynomiakéqgn
multiple responses: yield, fucose, total carbohtgdead sulfate contens (variable code) as follows:

y =7.01+ 0.3%; + 0.29,-1.03¢2- 0.40¢2 -0.022:X, RP=0.984
y = 132.45 +2.24-4.206-29.3%,2 -12.18¢2 -14.15X, R*=0.905
y =132.45+ 2.28—4.206-29.322 -12.18¢2-14.15X; R*=0.939
y =97.36 — 11.6%— 8.2%; R=0.919

Examined lack of fit test multiple responses fueni8argassum polycystumhas yield as a value p (p = 0.0567),
fucose contents (p=0.1646), total carbohydrateestdst(p=0.0522), sulfate contents (p=0.0522), easponse
has p value higher than 0.05 indicates that theelrigchot significant. This result in accordancette result of

Liu et al’® lack of fit test has a p-value higher than 0.0fidates that the inaccuracy model of the pure error
were not significant mean equation polynomial medehs accurate.

Respon surface and contour plot

The 3Dcurve response surface and 2 Dcontour pbpisesentative of the regression equationsre spoekk
fucose content sand total carbohydrate contenteyems the sulfate contents has linear regressioatieq.
Response surface and contour plot showing theaesdtip between variable experiment with the respaand
the type of interaction between the two variablestad. Circular shape or contour plot indicatingptital
guality of interaction between the independentalads significant or not. Circular contour ploticates that
the interaction between the corresponding variabdenegligible, while elliptical contour plot sicdie that the
quality interaction between the corresponding \meis are significant on the respofis®esponse surface plot
sand contour plots multiple response fucoidan uBiagign-Expert software is presented in Figurefedtfof
interaction temperature and time extraction is igatBcant on the yieldFigure 1a) and total carbohydrate
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content (Fig.1a") the shaped contourplot are rcunteraction of temperature and extraction tiare

significant on the fucose contents (Fig. 1a') emideom the shaped contourplots are elliptical.
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Figure 1. Contour plot(a, a’, a”’and a’) and response surface plot Ith, b”and b”’) showing the effect of

temperature and time extraction on the yield, facoarbohydrate total and sulfate contents of crude
fucoidanSargassum polycystum
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Optimization Extraction and Validation
Optimization extraction

The optimum extraction point fucoidarBargassum polycystum initially degradation ultrasonic waves
(amplitude 80%, 15 minute) the calculation Dediggpert software was the extraction temperatureldd@C
and extraction time 4.04h. At the optimum condidipthe maximum predicted yield fucoidan were 7.03%,
131.94 mg/g fucose contens, 406.10mg/g total cadialte content and 96.50mg/g sulfate contents. The
optimal extraction point of fucoida®argassum polycystum initia ldegraded ultrasonic waves (amplitude 80%,
15 minute) occurred at a temperatur€é@®1 this were lower than the optimal point extractifucoidan
Sargassumhenslowianum results by Aleetalwhich obtained at 9€,and 4 h, but faster than Qiaoetal (4.46h)
This suggests that the combination extraction etrpatment ultrasonic wave degradation and extraaif
water bath heating is more effective than manuatlyacting water bath heating. This condition weaased by
vibration of the ultrasonic waves on the initiagdedation break down the cell walls $drgassum polycystum
and increase the penetration of the solvent ineocll so that fucoidan is present in the cell eatracted
easily. The effect of ultrasonic cavitation prodad®oken power will mechanically break down thd eslll,
increasing penetration of fluids towards the celinmbrane and increase the transfer of material sbthie
components in the cell extracted edSily

Validation optimum point

In order to validate the adequacy of the the medehtion, five verification experiment validatioere carried
out the optimum extraction point under these végiabxtraction condition: degradated ultrasonic wave
(amplitude 80%, 15 menute), temperature extradib®OC and time extraction 4.04 h. The Result validate
experiment the optimum extraction point fucoidaralfle 2) was obtained: yield 7.15+0.07%, 131.15+1.92
mg/g fucose content, 396.86+5.58mg/g carbohydmati@ tontent and 94.67+1.37 mg/g sulfat contene Th
difference between experiment validate and predidiesign-Expert software: 1.45%yield, 0.89%fucose
content, 2.27%total carbohydrate content and 1.8d¥ate content. Levels error at less than 5% betwe
experimentwere validated and predicted by softwsign Expert, indicated that independent variablthe
optimum extraction point was satisfactory and aaturThe experiment validation and predicted vaasailt
has levels error less than 5% showed that optimaniabie point value is accuréte

Tablel 1. Central Composite Rotatable Design (CCRD) matrix and respon fucoid&argassum polycystum

Extraction variable Code variable Crude fucoidan
Temgerature 'rr]ime % % Yioeld Total carbohydrate CF(l)Jr(\:t?eﬁ ?(;Jrl]ftztr?t
(°C) (hour) (%) Content (mg/g) (Mg/g) (Mg/g)
70 3 -1 -1 4.99 314.65 81.13 124.46
70 5 -1 1 5.68 343.96 111.32 81.90
90 3 1 -1 5.76 373.26 111.32 92.82
90 5 1 1 6.36 353.21 84.91 82.55
80 4 0 0 7.02 399.49 126.42 95.23
80 4 0 0 6.98 398.71 130.19 94.59
80 4 0 0 7.10 412.60 145.28 95.07
80 4 0 0 6.88 408.74 133.96 97.64
80 4 0 0 7.06 402.57 126.42 98.93
80 2.59 0 -1.414 5.84 380.21 115.09 106.64
80 5.41 0 1.414 6.46 380.98 88.68 81.90
65.86 4 -1.414 0 4.27 312.34 94.34 110.17

94.14 4 1.414 0 5.36 379.43 62.26 81.74
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Table 2.Validation experimental and predicted

Variable Extraction Yioeld Fucose contents g)?;ﬁ)ggxgﬁtg Sulfate contents
(%) (mg/g) i (mg/g)

Terrzgg)rature T('E;e Actual Predicted Actual Predicted\ctual Predictec Actual Predicted
81,00 4,04 7,15 7,05 130,19 132,16 392,54 406,10 94,15 95,87
81,00 4,04 7,04 7,05 133,30 132,16 393,32 406,10 94,46 95,87
81,00 4,04 7,23 7,05 129,41 132,16 402,57 406,10 96,84 95,87
81,00 4,04 7,20 7,05 133,16 132,16 403,34 406,10 93,10 95,87
81,00 4,04 7,12 7,05 129,67 132,16 392,54 406,10 9478 95,87

Fungtional group characterization

Functional group characterization of fucoiddangassum polycystum analyzed by using fourier tranfer infrared
(FTIR) in4000-400 crwavelength. The analysis of functional groups fdaai Sargassumpolycystum
compared with fucose standards and commercial dacdiucusvesiculosus is presented in Figure 2.

Absorption band at 3409.10 €mand 3533.35 citin fucoidarSargassumpolycystum, 3425.34 crilin
commercial fucoidan standafticusvesiculosus and 3407.02 cifin fucose showed the stretching vibrations of
OH groups of carbohydrafels.Peaks at 2935.46 ¢hin “ucoidan Sargassumpolycystum, 2989.46 cni and
2939.31 cnfin commercial fucoidarFucusvesiculosus, 2987.53 cit and 2920 cm of fucose showed CH
vibratior?. Peak 1622,02 chinfucoidan Sargassumpolycystum, 1645.17 crilin commercial fucoidan and
1645.17 critin fucosestandart showed vibration C=C indicatesbetance for uronat acid.

Absorption band at 1610 c¢him fucoidan Sarggassumhenslowianum and 1620 ciin fucoidan commercial
Fucusvesiculosus indicates the absorbance of uronat aci@eak at 1417.58 ¢hin fucoidan Sargassum
polycystum, 1421.44 cnlin commercial fucoidarFucusvesiculosus showed the CH stretching fucose and
indications of sulfate groups attached to fucosgatand C4 as well as a variety of vibration shaddw
polysaccharide consisting of glucose, mannose,seylnd rhamnose. Fucose has a CH group absorpé&on t
wave numbers 1452.30 and 1414.69'cieak at 1420.3~1384.4 ¢rehows a variety of CH vibration of the
polysaccharide composed of D-glucose, D-mannosgl@s& and acid galakturofatPeak in the range 1470-
1400 cnt indicates the scissoring vibration of Ckbalactose and manno&ePeak at 1139.85 ¢hmand
1118.64 crit in fucoidan Sargassum polycystum and absorption band at 1080.06 and 1053.06ircm
commercial fucoidafrucusvesi culosus shows the CH stretching vibration of fucose an® $ound to the axial
position of C-4°, fucose has a strong absorbance at wave numb@&-108D crit. Peak at 898.77 chn
fucoidarBargassum polycystum and 904.55 citin commercial fucoidarFucusvesiculosus showed CH bend
vibration of polysaccharide composed of galactdsamnosa, mannose, gluctseeak 850 cihand 820 cni

is a sulfate group COS, sulfate bound at the egahtposition of C-2 and C-3 of L-fucose, and theah
position of C-4. Aleet al’, reported that sulfate groups of fucoiSargassumhensiowianum and
Fucusvesiculosus contained in the wave number 817 tiand 822 cm,sulfate bound at C-2 and C-3 of L-
fucose , absorption band 840-850 tsulfate bound to fucose axial position €:@ommercial fucoidan
Fucusvesiculosus sulfate groups contained in wave number 848.62 bound to the fucose axial C-4 position.
Sulfate groupsfucoidaBargassum polycystum at wave number 817.76 &nbound to the L-fucose equatorial
positions C-2 and C-3. Peak 669.25 “tucoidan, Sargassum polycystum and commercial fucoidan
Fucusvesiculosus at wavenumber 690.47, 669.26 showed-SHribration sulfate bound to fucose and indicated
xylos€®.Peak 599.82 cifiucoidan Sargassum polycystum and commercial fucoidaRucusvesiculosus at wave
number 576.68 cthshowed the vibration Ci5,fucose has a strong absorption the wave nunife48 cnt.



Sugiono et a//Int.]. ChemTech Res.2014,6(1),pp 195-205. 202

Wave number (cif

Figure 2. Spectrum FT-IR fucosestandart (a).Spectrum FTrlRle fucoidan commercidducusvesiculosus(b).
Spectrum FT-IR crude fucoidSargassumpol ycystum (c)

Monosaccharide composition

HPLC analysis of fucoidaargassumpolycystum showed that the polysaccharide consist mainly coe,
galactose, rhamnose, xylose, mannoseandglucose.

Concentration of each component monosaccharidesidiae Sargassum polycystum as follows: 48.64mg/g
fucose, 35.29mg/g xylose, 34.33mg/g galactose 32ig8y rhamnose, 5.72mg/g glucoseand5.72mg/g mannose
Relative percentage monosaccharide compositionucbidan Sargassum polycystum HPLC analys is the
highest of fucose 32.08%, 22.64% galactose, xy®&F20, 14.47% rhamnose, glucose3.77% and3.77%
mannose. Monosaccharide composition and reteniime fucoidan Sargassumpolycystum HPLCanalysis
results are presented in Table3.

Tabel 3.Monosaccharide composition of crude fucoigagassumpolycystum after hidrolysis with 2M TFA

Peak  Composition Retention time Contents Relatifepercentace
monosaccharide (minute) (mg/qg) (%)
1 Glucose 8.32 5.72 3.77
2 Xylose 8.90 35.29 23.27
3 Rhamnose 9.33 21.93 14.47
4 Fucose 10.27 48.64 32.08
5 Galactose 14.10 34.33 22.64
6 Mannose 17.35 5.72 3.77
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Figure 3. Chromatogram of glucose, xylose, rhamnose, e(@galactose, mannose (a’), (b) from
hydrolyzate fucoidaBargassum polycystum by AMINEX HPX 87H Column, (b’) by AMINEX
HPX 87P Column
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Conclusion

The optimal extraction point fucoidSargassumpolycystum occurred at81.0C4.04h. Experimental validated
results showed the optimal point extraction of erddcoidan were 7.23%, 131.15mg/g fucose, 403.3¢mg/
total carbohydrate and 94.67mg/g sulfate conterliFTandHPLC analysis showed that crude fucoidan
Sargassumpolycystum were composed by fucose, galactose, xylose, glyucosenoseandsulfate.
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