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

extraction methods

Parameter Conventional

Microwave Ultrasound

Extraction yield (%) 2.399+0.248

2.494+0.004 2.772+0.154
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Fig 2. Preparation of fucoidan from brown algae by microwave method
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Table 2. Extraction and purification of fucoidans

Species Extraction Extraction conditions Purification Yield (%) References
method
F. evanescens Enzyme- Cellulase and alginate Anion-exchange 18.2 [77]
assisted lyase was added to the | chromatography using
extraction seaweed at 40 °C and DEAE-Macroprep
pH adjusted to 6 for 24 resin material.
h.
A. nodosum Enzyme- Cellulase and B- Ultrafiltration using a 23.41 [78]
assisted glucanase was added to | membrane of 100 kDa.
extraction the seaweed at 50 °C
and pH adjusted to 6
for3h
S. latissimi and Enzyme- cellulase blend Cellic® Not required as 8-12 (S. [79]
Alaria esculenta assisted Ctec2 along with endo- | purified fucoidan was latissimi)
extraction (AMOR-PL7) and exo- obtained and 4-15 (A.
acting (AMOR-PL17) esculenta)
alginate lyases was
added to seaweeds at
different ratios for 24 h
(55°0)
N. zanardinii Enzyme- Alcalase was added to Dialysis of membrane 4.28-5.58 [80]
assisted the seaweed at 50 °C 8.0 kDa.
extraction and pH adjusted to 8
for 24 h. Viscozyme
was added to the
seaweed at 50 °C and
pH adjusted 4.5 for 24
h
F. virsoides Microwavea | Irradiation of seaweed Ethanol precipitation 13.19 [81]
ssisted in a microwave vessel
extraction at 80 »C for 2 min
A. nodosum Microwavea Irradiation in a Ethanol precipitation 14.02 [19]
ssisted microwave reactor at
extraction 120 psi for 1 min.
S. muticum Ultrasoundas Extraction in an Ethanol precipitation 4.60 [26]
sisted ultrasonic bath at room followed by size
extraction temperature with
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intensity 1.5A, 40Hz exclusion
and power 150W for 5— chromatography.
30mins.
A. nodosum Ultrasoundas | Use of sonicator probe Dialysis of membrane NR [82]
sisted of power 750W, and size 14 kDa
extraction frequency 20 kHz
Sargassum Ho Ultrasonicated at 350 DEAE cellulose 52 6.25 [83]
henslowianum C. t-water- W at 60 °C for 45 min. column (2.6 x 80 cm)
Agardh. assisted The solution was step elution with
ultrasound further extracted in a different
extraction water bath (80 °C) for | concentrations of NaCl
35h
C. barbata Pressurized Extraction in Ethanol precipitation 6.43 [81]
liquid accelerated solvent
extraction extractor of pressure
1500 psi, and a
temperature of 100 °C
for Smin.
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Table 3. Advantages and disadvantages of fucoidan extraction methods

Disadvantages

benefits

Extraction methods

Low yield, extraction of unwanted
compounds

Simple, safe, no chemicals required

hot water

Structural change, reduction in
biological activities

Increase efficiency

dilute acid

High cost Maintaining the structure of enzymatic
phycocyanin, environmentally
friendly
Need for special equipment Increase efficiency, reduce time ultrasound

High cost, requires additional
purification

Improve purity

organic solvents

Need for precise control of conditions

High speed, increased efficiency

Microwave
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Fucoidan is a sulfated polysaccharide from brown seaweed consisting
of several monosaccharides found in the cell wall of brown seaweed
and composed of resistant cellulose and hemicellulose. This bioactive
compound has several bioactive properties such as antioxidant,
antimicrobial, antiviral, hypolipidemic, anticancer and tumorigenic,
anti-inflammatory and immunomodulatory. Due to their natural
nature and virtually non-toxic nature, they are considered as a
promising antimicrobial component for various applications in
medicine and food industry. The properties of fucoidan depend on
several factors, including molecular weight and extraction method.
The molecular weight of fucoidan, related to its biological activities
and bioavailability, can be influenced by extraction technologies. A
wide range of extraction methods are currently used to obtain these
polysaccharides, such as supercritical fluid extraction (SFE),
pressurized liquid extraction (PLE), subcritical water extraction
(SCWE), ultrasound-assisted extraction (UAE), enzyme-assisted
extraction (EAE), and microwave-assisted extraction (MAE). Given
that an increasing number of studies have shown the extraction
process of fucoidan in the past few years, and the use of fucoidan
synthesis is an effective strategy in the development of bioactive films
in food coatings, which will reduce the reliance on plastic materials
and increase the shelf life of food products. This review presents the
conventional extraction and purification processes, physicochemical
and biological activities, and structural characterization, and recent
advances in the application of fucoidan in the food industry.
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