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Brown seaweeds are rich in fucoidan, a sulfated polysaccharide with antimicrobial,
immunomodulatory, antioxidant, and anticancer properties. The brown algae Sargassum
sp. has not been thoroughly investigated for fucoidan extraction using various techniques
and evaluations of their effects on extraction yield and its structural properties. The
purpose of this study was to compare the structural characteristics and extraction yield of

fucoidan from Sargassum sp. using conventional, microwave, and ultrasonic-assisted
extraction methods. The results showed that a slightly higher yield was obtained by using
KEYWORDS the ultrasonic-assisted extraction method (2.772%) followed by the microwave-assisted

extraction method (2.494%) and conventional extraction method (2.399%). However, the
ICso values for antioxidants were found to be lower (less value is preferable) for crude
fucoidan obtained by microwave-assisted extraction method (175 pg/ml) than for
conventional (195 pg/ml) and ultrasound-assisted extraction methods (230 pg/ml). The
crude fucoidan obtained from the three different extraction methods showed moderate
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drawbacks, including longer operating durations, higher solvent
and power consumptions, lower yields, and lower selectivity.
Eco-friendly substitutes that employ high pressure, ultrasound,
microwave, and enzymes to extract fucoidan from different algal
sources have been developed to overcome these problems [2].

1. INTRODUCTION

1.1. Research Background

Brown seaweed's cell walls contain a complex sulfated ) .
polysaccharide called fucoidan. Usually, hot water or acid is used 1.2. Literature Review
as an extractant to extract this compound. However, important
factors that can significantly affect the yield of fucoidan include
the solid-to-solvent ratio, extraction duration, pH, and
temperature [1]. Conventional extraction methods have several
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Based on the color of their pigments, seaweeds are divided into
three taxonomic groups, namely green (Chlorophyceae), red
(Rhodophyceae), and brown (Phaeophyceae) [1]. Fucoidan, an
anionic  water-soluble sulfated polysaccharide especially
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prevalent in L-fucose, is found in brown seaweed [3]. Numerous
beneficial biological qualities are known to be exhibited by this
compound, which was isolated from different species of
Sargassum. For instance, research has demonstrated that fucoidan
has antibacterial, anticancer, antilipogenic, antithrombin,
antiangiogenic, antioxidant, and antidiabetic properties that are
associated with its chemical structure [1]. Furthermore, because
of its emulsifying properties, fucoidan is considered as valuable
ingredient in the food industry [4].

Research on fucoidan extraction from Sargassum siliquosum,
Sargassum mcclurei, Sargassum wightii, and Sargassum muticum
has demonstrated the potential of ultrasound-assisted extraction
as a faster and more effective substitute for other methods [5-8].
These investigations showed that fucoidan yield can be
considerably increased by ultrasound-assisted extraction, while
extraction time can be decreased. On the other hand, another
study on fucoidan extraction from Ascophyllum nodosum [9] and
Fucus vesiculosus [10] found that when compared to the
conventional extraction method, microwave-assisted extraction
method resulted in a significantly shorter amount of extraction
time.

1.3. Research Objective

The aim of this research is to compare the effect of different
extraction methods namely conventional, microwave, and
ultrasound-assisted methods on the yield of extraction of fucoidan
from brown seaweed Sargassum sp. The chemical structure of
crude fucoidan extract and its antioxidant activities were also
investigated.

2. MATERIALS AND METHODS

2.1. Materials

The dried brown seaweed Sargassum sp was obtained from
Sepanjang Beach, Gunung Kidul, Special Region of Yogyakarta,
Indonesia. All chemicals used in extraction such as ethanol,
calcium chloride, and demineralized water were purchased from
a local chemical store in Yogyakarta.

2.2. Depigmentation of brown seaweed

The dried brown seaweed was grinded using a grinder to obtain
fine powders. The powdered materials were passed through a 30-
mesh sieve, which allows particles smaller than 500 pum to pass
through. Dried Sargassum sp was depigmented to remove the
pigments from the seaweed sample. The procedure involved
treating 100 g of seaweed powder with 1 liter of ethanol for 24
hours at room temperature. The depigmented seaweed residue
was filtered through a paper filter, dried, and then stored in
airtight containers at 25°C until further use.

2.3. Conventional extraction method

Depigmented seaweed powder was mixed with deionized water
at a ratio of 1:20 and heated to 65°C, for 60 minutes at 130 rpm
using a water bath shaker (B-One SWB-30 Shaker Water Bath).
Following extraction, the resulting mixture was filtered using
filter paper to separate the residue from the supernatant. The
residue was then allowed to dry in the shade. To precipitate the
calcium alginate, the supernatant was treated with 1% calcium
chloride and then kept in cold storage overnight. Centrifugation
was used for 15 minutes at 5,000 rpm to remove the resultant
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precipitate. Crude fucoidan was precipitated by mixing the
remaining supernatant with twice as much ethanol and incubated
in a cold environment. The precipitated fucoidan could be
separated from the supernatant by the centrifugation process that
followed. The dried fucoidan's weight was calculated after freeze
dried at -55 °C using Freeze Dryer (VirTis Benchtop K).

2.4. Microwave assisted extraction method

Fucoidan was extracted from depigmented seaweed powder using
a microwave reactor with power of 300 watts for 15 minutes at
30°C and a solid solvent ratio of 1:20. Following filtration, the
seaweed residue was removed from the extracts. The process of
gradually removing alginate and recovering fucoidan was
performed as outlined in Section 2.3.

2.5. Ultrasound-assisted extraction method

Fucoidan was extracted from depigmented seaweed powder by
using an ultrasonic processor (Ultrasonic Processor FS-300N)
with a frequency of 40 kHz and a power of 300 W, for 15 minutes
and a solid solvent ratio of 1:20. Following filtration, the seaweed
residue was removed from the extracts. Alginate was gradually
removed, and fucoidan was then eventually recovered following
the procedure as outlined in Section 2.3.

2.6. Fucoidan yield

The fucoidan yield % was determined using the following

formula [1].

Fucoid ield % (w/w) = Weight of dried fucoidan (g) % 100
ucoldan yield %o tw/w) = Weight of depipgmented algal powder (g)

2.7. Fucoidan characterization

To identify the extracted fucoidan's functional groups, Fourier
transform infrared (FTIR) spectroscopy was carried out using a
PerkinElmer FTIR. The range of the FTIR spectral scans was
4000 cm™! to 400 cm™.

2.8. Analysis of antioxidant activity

Antioxidant activity was assessed using the 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) free radical inhibition assay. Several
concentrations of fucoidan (0, 60, 120, 180, 240, and 300 pg/mL)
were prepared for the sample solution. The absorbance was
measured at a wavelength of 517 nm. The following formula was
used to determine the inhibition percentage.

_ (Aptank — Asample)

Ablank
and then the linear plot of %inhibition versus concentration was

analyzed using the following equation.

y=a+bx
where x is the concentration of the measured substance and y is
the % inhibition. Meanwhile, the ICso value was determined as
the x value of this equation when y was equal to 50%.

%inhibition X 100%

3. RESULT AND DISCUSSION

3.1. Fucoidan yield

The cell wall of brown seaweed is primarily commposed of
sulfated polysaccharides containing fucose and polyanionic
polysaccharides called alginates [11]. About 25-30% of the dry
weight of brown seaweeds is made up of fucoidan, a sulfated
polysaccharide [1].
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The yields of fucoidan extracted using conventional,
microwave, and ultrasound-assisted extraction methods are
presented in Table 1. The results from Table 1 showed that using
microwave and ultrasound could increase the yield of fucoidan.
The highest yield in this case was obtained by using ultrasound-
assisted method. A similar finding was also obtained by
Hanjabam et al. [7] for the extraction of crude fucoidan from
Sargassum wightii using conventional and ultra-sonication
extraction methods. They concluded that the ultra-sonication
extraction method gave higher yield than the hot water extraction
method. Similar conclusion was also reported by Antonisamy et
al. [1] for the extraction of fucoidan from Sargassum ilicifolium.
They reported that the ultrasonic bath method produced a 2.5-fold
higher yield of fucoidan than the conventional method. This is
because ultrasonic waves have a cavitation effect that improves
cell wall lysis and solvent penetration by reducing mass transfer
resistance and increasing polysaccharide release [1].

Ref. [12] reported the published data of fucoidan content from
brown macroalgae of 102 different algae species. The crude
fucoidan content from Sargassum genera from [12] with some
additional data is summarized in Table 2. From Table 2, it can be
concluded that the yield of fucoidan was varied depended on the
algae species and the method of extraction. The result of the
current study was similar to that of Sinurat, E. and Kusumawati,
R. [42] for the extraction of fucoidan from brown seaweed
Sargassum binderi Sonder using conventional method by
extraction with calcium chloride at 85 °C for 4 hours. At higher
temperature and longer extraction duration, the yield of fucoidan
was 2.57% [42], whereas in the current study, the yield of 2.494
— 2.772% could be obtained for the extraction duration of only
15 minutes with the assistance of microwave and ultrasound.
Thus, it is clear that extraction by adding microwave as well as
ultrasound could produce fucoidan with higher yield at a much
shorter extraction duration. To obtain a higher yield of fucoidan,
more studies should be conducted for the extraction with the
assistance of microwave and ultrasound but at higher
temperatures (i.e. 85 °C) and longer duration (i.e. up to 1 hour).

Table 1. Fucoidan extraction yields obtained using the
conventional, microwave and ultrasound-assisted extraction

methods
Parameter Conventional | Microwave Ultrasound
Extraction 2.399+0.248 | 2.494+0.004 | 2.772+0.154
yield (%)

3.2. Functional group analysis

The FTIR analysis for all the samples is shown in Fig. 1. The
broad bands at 3350-3325 cm™! for all the samples is explained
by O-H stretching vibrations, which are present in all
polysaccharides [1]. The bands at 1029-1027 cm™! show the S=O
stretching, O-H bending (1412 cm™!), and the C=C stretching
(1595-1594 cm!). The spectra at 1412 cm! and 1595-
1594 cm™!, are ascribed to symmetric and asymmetric stretching
vibrations of carboxylate groups, respectively, which may
indicate the presence of uronic acid [46]. The area of
polysaccharides of about 1029-1027 cm™! shows the glucose and
galactose that are typical of a pyranose ring [46]. The
characteristic of fucoidan seen from the FTIR spectra is proven
by the presence of absorption at 1217-1215 cm* which indicates
sulfated polysaccharides [42].
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Table 2. Summary of crude fucoidan content reported for
several algal species from Sargassum genera

Species Location Crude Ref.
content
(%DW)

Sargassum binderi Malaysia 6.2 [13]
Sargassum duplicatum Vietnam 0.32 [14]
Sargassum feldmannii Vietnam 0.46 [14]
Sargassum filipendula Indonesia 45-6.1 [15]
Sargassum fusiforme China 3.94-11.24 [16]
Sargassum glaucescens China 4.20 [17]
Sargassum China 2.72+0.18 [18]
hemiphyllum
Sargassum China 469+105 [5]
hemiphyllum
Sargassum China 6.25 [19]
henslowianum
Sargassum horneri China 4.80 [17]
Sargassum mcclurei Vietnam 2.7 [20]
Sargassum pallidum Japan 1.86-6.31 [21]
Sargassum polycystum China 3.41+£0.77 [5]
Sargassum China 0.95+0.02 [22]
ringgoldianum
Sargassum siliquosum China 5.08+1.17 [5]
Sargassum Brazil 0.4 [23]
stenophyllum
Sargassum tenerrimum India 3.1 [24]
Sargassum China 55+0.25 [25]
vachellianum
Sargassum ilicifolium India 2.68-6.74 [1]
Sargassum sp Egypt 5.99-36.79 [4]
Sargassum wightii India 10.59-14.61 [7]
Sargassum cinereum Egypt 21.79+44.99  [26]
Sargassum thunbergii China 285+0.08 [27]
Sargassum polycystum  Bangladesh 41-6.1 [28]
Sargassum horneri China 2.91+0.17  [29]
Sargassum Zhangii China 2.85+0.35  [30]
Sargassum Taiwan 4.02+027 [31]
hemiphyllum
Sargassum fusiforme China 1.56 [32]
Sargassum polycystum Malaysia 1.16 £0.07 [33]
Sargassum wightii India 0.7-1 [34]
Sargassum cinereum India 94+19 [35]
Sargassum fluitans Mexico 0.84 [36]
Borgesen
Sargassum swartzii India 5.96 [37]
Sargassum fusiforme China 7.3 [38]
Sargassum polycystum India 451+0.24  [39]
Sargassum fusiforme China 6.02 [40]
Sargassum latifolium Egypt 10.1+0.2 [41]
Sargassum binderi Indonesia  2.57-6.00 [42]
Sonder
Sargassum sp Indonesia 1.04-41 [43]
Sargassum binderi Indonesia 4.02+£0.27  [44]
Sonder
Sargassum filipendula Indonesia 58-8.3 [45]
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Fig. 1. FTIR spectra of fucoidan extracted from Sargassum sp
using extraction method: (a) conventional, (b) microwave,
(c) ultrasound

3.3. Antioxidant activity

DPPH test (2,2-diphenyl-1-picrylhydrazyl) method was used to
obtain the antioxidant activity. ICso (ug/ml) is a measure of
antioxidant capacity that is used to determine antioxidant activity.
The amount of test compound concentration that can inhibit free
radicals by up to 50% is known as the 1Cso value. The free radical
reduction activity increases with a smaller 1Cso value. The ICso
value category is very strong if the 1Cso value <50 pg/ml, strong
if the ICso value is between 50 and 100 pg/ml, moderate if the
ICso value is between 100 and 250 pg/ml, and weak if the 1Cso
value is between 250 and 500 pg/ml [47].

The ICso values for crude fucoidan obtained from the current
study are presented in Table 3. It can be seen from Table 3 that
the level of antioxidant strength for all samples were moderate.
Among the three extraction methods used, fucoidan extracted
using microwave assissted method resulted in the highest
antioxidant activity (the lowest value is preferable). Other studies
reported the lower values of ICso suggesting the strong
antioxidant acitivity for fucoidan extracted from different
seaweed such as Sargassum cinereum with ICso value of 75 pg/ml
[35], and 69 — 99 pg/ml for Sargassum fusiforme [16].
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Table 3. Average ICso values of fucoidan obtained using the
conventional, microwave, and ultrasound-assisted extraction

methods
Parameter Conventional | Microwave Ultrasound
Average 195.58+5.40 | 175.62+2.80 | 230.21+21.29
ICso values (moderate) (moderate) (moderate)
(pg/ml)

4. CONCLUSION

This study offers a comparative assessment of the effects of
conventional, ultrasound, and microwave-assisted extraction
methods on the yield and functional characteristics of the crude
fucoidan that was extracted from brown seaweed Sargassum sp.
The yield of fucoidan extracted using an ultrasonic probe was
slightly higher than those of conventional and microwave-
assisted extracted fucoidan. The results also showed that the
fucoidan obtained by all three methods exhibited moderate
antioxidant activity. The 1Cso values of fucoidan for all samples
were between 175-230 pg/ml. The results of this investigation
indicate that crude fucoidan derived from Sargassum sp. may
prove to be a useful resource for the food industry as well as for
medicinal purposes.
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