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Abstract. The term hydrocolloid generally refers to substances that form gels or provide viscous dispersion in the presence
of water. Alginate, agar, and carrageenan are three commercially valuable hydrocolloids derived from certain brown and
red seaweed and each has their distinct physicochemical properties (i.e. functional and bioactive). Various applications of
these seaweed hydrocolloids as thickeners, stabilizers, coagulants and salves (in the wound and burn dressings) and materials
to produce bio-medical impressions in the food, pharmaceutical, and biotechnology industries are highlighted in this review.
Although the existing industrial methods of extraction for these seaweed hydrocolloids are well-established, still growing
demand has exposed certain limitations of those methods, notably efficiency and product consistency. In order to achieve
targeted hydrocolloids for specific purposes and functionalities, some novel and green extraction methods have also been
proposed and discussed. Microwave-assisted extraction (MAE), ultrasound-assisted extraction (UAE), enzyme-assisted extraction (EAE), supercritical fluid extraction (SFE), pressurized solvent extractions (PSE), reactive extrusion and photobleaching process are selectively presented as highly promising candidates that can avoid the use of chemicals and provide
novel means of access to seaweed hydrocolloids with both economic and environmental benefits. However, this review does
not provide the ‘best’ method or procedure as many are still under development. Hence, the review gives ‘food for thought’as
to new processes which might be adopted industrially and concluded that further research is required in order to contribute
additional new knowledge and refinement to this field of study.
Keywords: biopolymers, hydrocolloid, extraction, industrial application

1. Introduction

part of the human diet in many Asian countries, and
also has traditionally been used as medicines since
ancient times. There are 21 species of seaweeds which
used in everyday cookery in Japan, 6 of them since
the 8th century [4]. For ages, the Chinese people have
utilized seaweeds for various medicinal purposes and
earliest records of herbal medical seaweeds appeared
in Chinese literature about two thousand years ago
[5]. In addition to the importance of seaweeds as
food and traditional medicines in their original form,

Hydrocolloids are defined as long chain of hydrophilic
polymers (polysaccharides) that are characterized by
their capability to form viscous dispersions and/or
gels when dispersed in water [1]. Large number of hydroxyl groups are present in hydrocolloids, increasing their ability to bind water while providing them
with excellent film-forming properties [2, 3].
Seaweeds are abundant, renewable marine biomass
which are found worldwide. It has been a significant
*
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of seaweed hydrocolloids (i.e. alginate, agar and carrageenan) and its applications correspond to their
functional performance are discussed comprehensively in this review.

their excellent and unique properties as hydrocolloids has also been widely used and promoted by
various industries. Their remarkable hydrocolloids
components, namely alginate, agar and carrageenan
tend to provide numerous ingredients to the food,
pharmaceutical, cosmetic, textiles, paper and biotechnology industries as stabilizers, thickeners, emulsifier and fillers [6–8]. Traditional production of these
hydrocolloids in the industry involved multi-stage
processing, with few principal steps such as cleaning/
washing, pre-treatment, solid/liquid separation (extraction), precipitation and filtration, and drying and
milling; depending on raw materials and their final
applications [9, 10]. However, the existing method
required high chemicals, water and energy consumption as well as control of waste generated throughout
the whole process, which are less environmentalfriendly and cost ineffective [9].
Therefore, green extraction methods such as microware-assisted extraction (MAE), ultrasound-assisted
extraction (UAE), enzyme-assisted extraction (EAE),
supercritical fluid extraction (SFE) and pressurized
solvent extraction (PSE), reactive extrusion and photobleaching methods, which are believed to help reducing the chemicals usage and improve the extraction
yield and quality of seaweed-derived polymers are
proposed and reviewed in this study. This review also
highlights the drawbacks and inadequacy inherent
from the conventional (or existing) extraction technology. Last but not least, fundamental knowledge

2. Seaweed hydrocolloids: Alginate, Agar
and Carrageenan
The term of ‘hydrocolloid’ derived from the Greek
word hydro and kolla which means ‘water’ and ‘glue’.
Chemically, hydrocolloids are substances with affinity to bind water, in other words they are macromolecular hydrophilic substances; and probably water
soluble. However, not all of them are water soluble
and form colloidal solutions, as some hydrocolloids
only able to swell in water and can be dispersed only
by means of shear forces [11]. Figure 1 depicts the
sources of hydrocolloids used globally, which are basically divided into four main groups [2, 11].
Seaweeds are classified into 4 principal group based
on their pigments, namely red, brown, blue and bluegreen; only red and brown seaweeds are important
sources of hydrocolloids [12]. Those commonly used
seaweed-derived hydrocolloids are referred to as alginate, agar and carrageenan which are mainly extracted from selected genera and species of brown (Phaeophyceae) and red (Rhodophyceae) seaweeds. However, there are others seaweed hydrocolloids, which
are less significant but are worth mentioning besides
those common seaweed hydrocolloids (alginate,
agar and carrageenan) such as fucoidan, laminarin,
Seaweed
Alginate, agar, carrageenan

Pure plant extracts,
Cellulose-based polymers
Microcrystalline cellulose (MCC)
Carboxymethylcellulose (CMC)
Methylcellulose (MC) and its derivatives
Hemicellulose
Starches
Mannans and galactomannans
Locust bean gum, senna gum, guar gum, tara
gum, konjac, fenugreek gum, tamarid seed
gum, xyloglucans, glucomannans,
arabinoxylans, β-D glucans, arabinogalactans,
etc.
Pectin, fructans
Exudate gums
Gum arabic/acacia, karaya gum, ghatti gum,
Tragacanth gum
Mucilage gums
Psyllium gum, yellow mustard mucilage,
flaxseed mucilage

Animal
Sources
of
hydrocolloids

Gelatin, Chitin and chitosan,
casein

Microbial/Bacterial
Xanthan, Pullulan, Gellan,
Dextran, Scleroglucan,
Curdlan

Figure 1. Sources of hydrocolloids used globally
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specification [21]. The most common molecular
modification method is through alkali treatment.

mannitol and funoran. Currently, some of them like
fucoidan, has also been recognized as one of the
most intensely studied seaweed bioactive polysaccharides compounds [13, 14].

2.1.3. Applications
Agar is the first hydrocolloid with European registration number of E406 approved as GRAS (Generally Recognized as Safe) by the Food and Drug Administration (FDA) which employed it as additive in
food industry [4, 9]. About 80% of agar produced
globally is used for food applications, while remaining 10–20% is used in pharmaceutical and biotechnology industries [4]. Some agars, especially those
extracted from Gracilaria chilensis, can be used in
confectionery with very high sugar content, likely
fruit candies. These agars said to be ‘sugar active’ because the sugar (sucrose) increases the gel strength
of gel. In contrast to some competitor gums which require addition of potassium and calcium salts to form
gel, agars appear to be more preferable candidates
in foodstuff applications [4]. In Asian countries, agar
is a popular component of jellies; whereby seaweeds
are undergone boiling, adding flavor and cooling to
formed jellies. It has been reported that, agar applications are based on their functional quality such as gel
strength. Low quality agar is used basically in food
stuff (frozen foods, bakery icings, meringues, dessert
gels, candies, etc.) while some may extend to industry applications for paper sizing, coating, adhesives,
textile printing/dyeing, casting and impression
(Table 1) [22].
Agar is of fundamental importance in pharmaceutical and biotechnology studies. It can act as a good
bio-medical impression material in dentistry, due to
its thermo-reversible properties; it melts and liquefies at high temperature and sets to gel while cooling
(Table 1) [23]. Besides, it is also used to produce pharmaceutical grade growth media for laboratory purposes. About one-sixth of agar in USA is normally
used for culture medium because they not easy to metabolize, non-digestible and has good gel firmness,
elasticity, clarity and stability [15]. This kind of agars,
usually referred to as medium quality agar which can
be used to obtain monoclonal antibodies, interferons,
steroids and alkaloids, plus act as bulking agents, laxatives, suppositories, capsules, tablets, and anticoagulants in medicinal/pharmaceutical fields [4, 22].
Meanwhile, the most highly purified agar, usually
obtained from fraction of agar called agarose is used
for separation in molecular biology (electrophoresis,
immune diffusion and gel chromatography [8, 22].

2.1. Background: Agar
Agar consists of a mixture of two polysaccharides,
namely agarose and agaropectin with agarose making up about 70% of the mixture [15]. Agarose is responsible for gelling while agaropectin is responsible for thickening properties [16]. Agar is the oldest
utilized hydrocolloids from seaweed discovered by
Minoya Tarazaemon in 1658 in Japan, where it is
called kanten, literally means ‘frozen sky’, but can
also referred to by many names such as ‘grass jelly’,
‘seaweed jelly’ and ‘vegetable gelatin’ [4, 17].
2.1.1. Sources
Agar is commercially extracted from red seaweed
(Rhodophyceae), specifically Gracilaria , Gelidium
and Pterocladia/Gelidiella [10, 12, 18]. Gelidium
species are harvested in huge quantities on the north
coast of Spain, southern coast of Portugal and at the
west coast of Morocco, while Gracilaria species are
widely distributed in colder waters such as southern
Chile and Atlantic coast of Canada with some species
adapted to tropical waters around Indonesia [8]. It
has been reported that, Gelidium yields the best quality of agar, but its cultivation is difficult and its natural resource is limited compared with Gracilaria
species [15]. To date, Gelidium species has not been
commercially cultivated. But, commercial cultivation
of Gracilaria has been established using Gracilaria
chilensis which is a native red seaweed species originating from the southern coast of Chile [8]. Now,
cultivation of Gracilaria species is taking places
mostly in Indonesia and Chile, while to a much lesser degree in Malaysia, Thailand, China, South Africa
and Namibia [19].
2.1.2. Chemical properties
Chemically, agar contains hydrophilic galactans consisting of galactopyranose units with alternating α1,3 and β-1,4 linkages, whereby the α-linked galactopyranose is made up of L-galactopyranose 6-sulfate
[20]. Agar can be obtained easily and naturally from
seaweed by just boiling in hot water. But for certain
species like Gracilaria which produce native agar
with poor gel strength, molecular modification is
typically required in order to meet commercial agar
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Table 1. Physic-chemical, functional properties and applications of seaweed hydrocolloids [6, 8, 11, 12, 24, 25]
Seaweed
Physic-chemical properties
hydrocolloids

Food and beverages

Pharmaceutical and
biotechnology

Industry

 Excellent gelling
agent
 High temperature
resistant
 Thermo-reversible

Bakery products, pudding, jelly, stabilizers
for canned food, jam,
dessert, ice-cream,
sauces

Impression materials
in dentistry, intestinal
regulator, excipient in
pills, microsphere and
beads, growth media,
gel electrophoresis,
bulk laxative

Textile and paper
making, clarifier
for wine making,
aids in making
ultra-thin separating film

Thickeners in drinks,
ice-cream, jelly, pie
and pastry filling,
dessert gels, instant
pudding, restructured
foods, cold prepared
bakery cream

Dental impression,
wound dressing, medicine for rheumatoid
arthritis, additives in
dehydrated products,
antacid, prosthetic devices, biodegradable
sutures, matrices to
drug delivery system

Heavy metal absorption and purifier for wastewater, paper and
textile industry,
material for artificial fiber, emulsifier for paint &
plastic industry,
lubricant, refining, filling agent

Puddings, milk shakes,
tofu, ice-cream,
chocolate milk, vegan
alternative to gelatin,
processed meat,
desserts, cream thickener , fruit juices, beer,
sauces and gravies,
jam, canned food, pet
food (semi-refine carrageenan)

Thickeners for tooth
paste, cosmetic, Inhibitor of Papilloma,
dengue and herpes
virus, beads for conCosmetic and
trolled released syspaint industry
tem, lotion and cream,
suspending agents in
antacid, eye drops,
suppositories

Agar

*GP:
*MP:
*S:
*GS:
*V:
*A:

Alginate

*GP: –
*MP: >300 °C
 Fast absorption of
*S: Soluble in water (exwater
cept pure alginic acid
 Excellent gelling,
and calcium alginate);
stabilizing, thickinsoluble in ethanol
ening agent
and ether
 Thermo-irrev*GS: High
ersible (with the
*V: High (except for alpresence of calciginic acid and calcium, Ca2+)
um alginate)
*A: yellowish powder

Carrageenan

*GP:
*MP:
*S:
*GS:
*V:
*A:

32–45 °C
85–95 °C
Boiling water
700–1000 g/cm2
10–100 cP
yellowish powder

Applications

Functional
properties

30–50 °C
50–70 °C
Boiling water
100–350 g/cm2
30-300 cP
yellowish powder

 Thermo-reversible
 Good gelling, stabilizing, emulsifying, thickening
and water holding
properties

Note: GP: Gelling point; MP: Melting point; S: Solubility; GS: Gel strength; V: Viscosity; A: Appearances; cP: centipoise

Agar possesses excellent gel strength (700–
1000 g/cm2), 2–10 times greater than carrageenan
(100–350 g/cm2) (Table 1). They form strong and
rigid gel at room temperature and still remains firm
at temperature as high as 65 °C due to their high melting point (85–95 °C) close to the boiling point of
water properly associated to the lower content of anionic sulphate [8]. In contrast to gelatin gels which
melt around 37°C, agar gels which possess high melting point (>85 °C) are seen more industrial preferable, as many of the applications take advantage of this
difference. As an example, agar is found to have specific uses in pastry fillings and glazes, which can be
applied before the pastry is baked without melting
in the oven [9]. Agars, with gel strength greater than
750 g/cm2 in a 1.5% solution are referred as high
quality agar and are in demand in the international
market [21].

2.2. Background: Alginate
Alginate is distinguished from the other hydrocolloids (agar and carrageenan) because it is isolated
from brown seaweed (Phaeophyceae) specifically
from outer layer of brown algae cell wall; as inner
layer make up mostly of cellulose [26]. These alginate molecules provide both flexibility and strength
to the plants [2, 4]. Besides brown seaweed, alginate
can also derive from several bacteria strains such as
Azotobacter and Pseudomonas [27]. But at present,
bacterial alginate production is not employed commercially [8].
2.2.1. Source
Brown seaweed species like Laminaria hyperborean, Macrocystis pyrifera, Laminaria digitata and Ascophyllum nodosum are mainly used for commercial
alginate production, while species like Sargassum
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Commercially, there are different types of alginatebased wound materials in terms of sponge, hydrogels, and electro spun mats forms. Studies revealed
that alginate based wound healing materials can accelerate the wound healing faster compared with
control dressing due to presence of endotoxin in alginate [6, 32]. In certain applications, alginate was
combined with chitosan and Ag (silver) nano-particles to form an antibacterial wound dressing [32]. In
spite of that alginate gels were also widely used in
tissue engineering to mediate, regenerate, and repair
central peripheral nerve systems. The reconstruction
and regeneration of rat peripheral nerve gap and peripheral nerve can be performed without sutures and
tubular structure with just alginate gels [33, 34]. In
addition, some studies also indicated that direct injection of myoblasts and localized delivery of hepatocyte growth factor (HGF) and fibroblast growth
factor 2 (FGF2) or alginate scaffold into injured
muscles can significantly enhance the regeneration
of skeletal muscles [35]. Recently in tissue engineering, alginate has also been utilized as a 3D platform for microarray systems as well as surface
micro-patterning [36].
Last but not least, alginate has also been reported as
a suitable substrate for heavy metal absorption
(Table 1). Alginate application has been reported to
help enhancing natural detoxification pathways in
the body by acting as natural absorbents of heavy
metals while helping against chronic diseases [37].
Studies reviewed that, combination of modified citrus pectin (MCP)/alginate can reduce average of
74% of toxic heavy metals in the body without any
side effects [38]. Recently, alginate oligosaccharides,
a low molecular polymer fragments obtained by enzymatic depolymerization and acid hydrolysis, have
received much attention and are widely reported due
to their unique pharmaceutical properties such as antioxidant, antifungal, anti-inflammatory and antibacterial activities [30].

spp., Laminaria japonica, Ecklonia maxima and
Lessonia nigrescens are used only when other brown
seaweeds not available because its alginate’s yield
is usually low and weak [10, 28].
2.2.2. Chemical properties
‘Alginate’ is the term usually used for the salts of alginic acid, but it can also refer to all the derivatives
of alginic acid itself and in some publications term
‘algin’ is used instead of alginate [4]. Alginates are
linear polymers build up by 2 monomeric uronic
acids, β-D-mannuronic acid (M) and α-L-guluronic
acid (G). The 2 uronic acids are arranged in an asymmetrical pattern of varying proportions of MM, MG
and GG blocks, depending on seaweed source, extraction technique and harvest time [8]. The ratio of
these 2 uronic acids are usually 2:1, but it may vary
depending on species, age of the plants and the type
of tissue the alginates are extracted from [2]. The
M/G ratio and block structure has a major impact on
the physicochemical properties of alginate. Typically, by rising guluronic acid (G) content or molecular
weight, more the stronger and brittle and the alginate
gels may be achieved. Inversely, more flexible gels
may form due to the high amount of alginate-M
blocks [29, 30]. Some studies also reported that the
presence of homopolymeric block structure, namely
mannuronic acid blocks (FMM), guluronic acid
blocks (FGG) and alternating blocks (FMG) can influence gelling properties of alginate too [31].
2.2.3. Applications
Alginate is an excellent stabilizing and thickening
agent. It acts as stabilizer and thickener in food such
as drinks, jelly, ice-cream, desserts, etc. due to its
properties to chelate metal ions to form highly viscous solutions (Table 1) [22]. It has been reported
that alginate solutions (about 1–2%) can form heat
stables gel (irreversible gel) in the presence of calcium (Ca2+) ions at room temperature [2]. Hydrophilic, pleasant odor and taste, non-staining, ease of
mixing and effective use in the presence of saliva,
cheap and self-life of alginate, are the few properties
which makes it suitable for application in dental impression materials [23]. Application of alginate in biomedical applications such as tissue engineering and
drug delivery are immersed promptly nowadays due
to biodegradability, biocompatibility, non-antigenicity and chelating properties of alginate itself.

2.3. Background: Carrageenan
Carrageenan, was first called ‘carrageenin’ was discovered by British pharmacist Stanford in year 1862
who extracted it from Irish moss (Chondrus crispus).
The name was later changed to carrageenan so as to
comply with the ‘-an’ suffix for the names of polysaccharides [4].
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extracting of kappa-and iota-carrageenan respectively, compared with Chondrus crispus which contains
mixture of kappa- and lambda carrageenan because
according to them, it is difficult to separate those
mixtures (kappa/lambda-carrageenan) during commercial extraction. If either kappa-or iota carrageenan is blended with lambda-carrageenan during
applications, the reduction of gel strength will occur,
resulting in weaker gel; which is usually less preferable to industries [10].

2.3.1. Sources
Carrageenan can be extracted from several red seaweed species including Kappaphycus, Gigartina,
Eucheuma, Chondrus, and Hypnea, making up as
much as 50% of the dry weight [39]. Kappaphycus
alvarezii, Eucheuma denticulatum and Betaphycus
gelatinae are the most important red seaweeds for
commercial carrageenan production [18, 39]. The
original source of carrageenan was from the wild red
seaweed Chondrus crispus, which continues to be
used until today but in limited quantities [4]. The increasing demand of the raw material over time led
to the introduction of cultivation species of originally
E. cottonii and E. spinosum, now referred to as Kappaphycus alvarezii and Eucheuma denticulatum, respectively [10]. Among all the common used hydrocolloids (agar, alginate), carrageenan is most difficult
to characterize because different red seaweed species
possess different types and compositions of carrageenan [10, 39, 40].

2.3.3. Applications
Carrageenan is often used in food, dairy products
and baking industry (i.e. ice-cream, infant formula,
jam, bread, bread dough, cheese, meat products,
syrups, sauces, etc.) due to its excellent functional
properties (Table 1). It can bind water efficiently
while thickens, stabilizes and improves the appearance and acceptable of the food. In some applications, carrageenan has also been added to processed
meat as fat substitute to improve moisture retention and restores tenderness in low-fat processed
meat such as hamburgers [10]. One new application of carrageenan in food industry is its use as a
protective coating on fresh cut packaged food
whereby carrageenan acts as gas barrier, changing
the cut surfaces of the fruit and reducing respiration which consequently slows down the discolorations and maintains texture throughout the shelf
life [45].
Carrageenan possesses several pharmaceutical properties such as anticoagulant, antithrombotic, antiviral, antitumor, cholesterol lowering effects, immunomodulatory activity and antioxidant activities
as depicted in Table 2 [46–51]. The application of
carrageenan in pharmaceutical field was mostly
based on these pharmaceutical aspects.
Tetracycline and chlorotetracycline production, semisynthetic antibiotic production, D-aspartic acid production and industrial effluents cleaner all are currently available and potential applications of carrageenan [52]. As an example, kappa (κ)-carrageenan is used as immobilizer for Streptomyces
aureofacies and Pseudomonas dacunhae cells to improve the production of tetracycline and chlorotetracycline (antibiotic) and D-aspartic acid and L-alanine in drug production [52]. Moreover, carrageenan
proved to inhibit the attachment of viruses such as
the human papillomavirus, dengue virus, influenza
A, and herpes virus [8, 52–54].

2.3.2. Chemical properties
Carrageenan is a hydrocolloid consisting mainly of
potassium, sodium, magnesium, and calcium salts of
sulfated esters of galactose and 3,6-anhydro-galactose copolymeres [41]. The commercial available
carrageenan is divided into three main types, namely
kappa-, iota-, and lambda carrageenan, according to
the number and position of sulphate groups in the repeating units [42]. All three types of carrageenan are
called differently but their base structure remains the
same; which mainly consist of D-galactopyranose
units bound together with alternating α-1,3 and β,1,4
linkages [8, 43]. However, the presence of 3,6-anhydro-α-D-galactopyranose varies among the different carrageenans due to the substitutions of sulfated
which are ester-linked to C2, C4, or C6 of the galactopyranose units depending on the specific carrageenan: kappa-, iota- and lambda-carrageenan.
Kappa-carrageenan has only one sulfate ester, while
iota-and lambda carrageenan have two and three sulfates per dimer respectively [8].
Today, kappa-carrageenan is mostly extracted from
Kappaphycus alvarezii, while iota-carrageenan is
predominantly produced from Eucheuma denticulatum. Non-gelling but forming high viscous solution
lambda-carrageenan is farmed from Gigartina and
Chondrus species respectively [8, 19]. Regarding to
Cunha and Grenha [44], both Kappaphycus alvarezii
and Eucheuma denticulatum are more preferable in
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Table 2. Overview of pharmaceutical activities of carrageenan
Research and findings
Antitumor and immunomodulation activities – 5 different molecular weight lambda-carrageenan from Chondrus ocellatus
has been discovered
Antitumor and immunomodulation activities – Kappa-carrageenan oligosaccharides carrageenan exerts antitumor effects
while promoted immune system.
Antiviral activity – Kappa carrageenan oligosaccharides (CO-1) derived from carrageenan effectively inhibited influenza
A (H1N1) virus
Antioxidant activity – Iota-, kappa-, lambda-carrageenan, fucans, fucoidan examined shown potential antioxidant and freeradical scavenging activities
Reduced cholesterols and lipids levels – Regular inclusion of carrageenan in daily diet could results in reduction of cholesterol and lipids level in human probably due to its good source of dietary fibers
Anticoagulant and antithrombotic activities (blood thinner) – Carrageenan are categorized into different groups, all containing 22–35% of sulphate groups. Lambda-carrageenan shows greater anticoagulant and antithrombotic activities than
kappa-carrageenan due to higher content of sulphate groups. Most active carrageenan has one-fifteenth activity of heparin
(UFH)

References
[46]
[47]
[48]
[49]
[50]

[51]

properties (i.e. gel strength) and less preferable for
industrial applications. Thus, alkali treatment has
been done in the industry in order to overcome this
weakness while optimizes their yields of production.
This treatment will be carred out before or during
red seaweeds extraction (Table 4). It is well documented that, this treatment converts the unfinished
6-sulphated molecules or the polygalactose which
shows none or weak gel forming properties into 3,6anhydrogalactose (3,6-AG), that correspondingly enhances the gelling behavior [9, 19, 58]. Table 3 displays the differences between alkali-treated and untreated agar and carrageenan from several red seaweed species. As shown in Table 3, the content of 3,
6-AG and gel strength (GS) in agar and carrageenan
were significantly increased after the treatment. This
treatment is carried out due to commercial demand
which requires high gel strength (>800 g/cm2) [59].
But there are some drawbacks regarding the treatment as the treatment eventually lowers the extraction
yields, due to the degradation of polysaccharides
which gives low molecular weight polymer [58, 60–
62]. Those low molecular weight polymers are not
precipitated by alcohol during precipitation and filtration step (Table 4) which results in significant loss
of the final yield (Table 3).
Today, these chemical dependent processing methods are still the most common around the world, not
only for agar and carrageenan but for alginate extraction industries as well. Typical extraction processes
for commercial valuable seaweed hydrocolloids are
summarized in Table 4.
Based on Table 4, cleaning is the crucial and fundamental step prior to all seaweed hydrocolloids production. Unprocessed seaweed, either in wet or dry

Increasing attention has been given to this material,
in potential biomedical applications in combination
with synthetic polymers. The synthesis of agar-graftpolyvinylpyrrolidone (PVP) and κ-carrageenan-graftPVP blends by a microwave irradiation method has
been reported by Prasad et al. [55]. The physicochemical properties of corresponding hydrogels were
studied and compared with control agar and kappacarrageenan hydrogels. Although the novel blend hydrogels not as strong as references hydrogels, but
tend to exhibit better water holding capacity than control, indicated its feasibility to be used as moisturizer
formulations and active carriers of drugs. Moreover,
Kappa-carrageenan and poly (vinyl alcohol) (PVA)
were also cross-linked with glutaraldehyde (GTA) to
produce films without using catalyst hydrochloric
acid (HCI). The kappa/PVA composite film formed
shows fair water absorption properties and acceptable antibacterial action against bacteria E. coli [56].

3. Basic extraction process of seaweed
hydrocolloids
Extraction processes of seaweed hydrocolloids are
slow and complicated processes, involving multiple
steps of processing. Typically, hot water is the most
popular solvent for the extraction of plain seaweed
hydrocolloids due to their water soluble properties
except for alginate/alginic acid extractions; which
required hot alkali as major solvents [8, 57]. This is
because alginate in its ‘natural’ forms is composed of
water insoluble salts. Thus, through alkali extraction,
insoluble alginate salts were subsequently converted
to water soluble alginate salts. Although, agar and carrageenan can be derived from red seaweed using hot
water alone but are weak in terms of their rheological
302

Abdul Khalil et al. – eXPRESS Polymer Letters Vol.12, No.4 (2018) 295–317

Table 3. Properties and characteristic of untreated and alkaline pre-treated agar and carrageenan
Species

Study

Y
[%]

GS
[g/cm2]

3,6-AG
[%w/w]

Gracilaria
vermiculophylla

UT

~30–40

72

30.5–37.3

T

Max. 15.3

644–1064

42.7–45.7

Gracilariopsis
lemaneiformis

UT

25.8

<100

26.9

T

15.5–24.4

954

40.2

Gracilaria
vermiculophylla

UT

15

55–115

ND

T

24–33

Max. 679 at 6% NaOH

ND

T

14.5–22.1

118–1758 at
0.5–5% NaOH

32.6–45.4 at
0.5–5% NaOH

Hydrocolloids

Agar

Gracilaria
cornea*

Carrageenan

References
[59]
[63]
[64]

Kappaphycus
alvarezii

UT

34.42

97

28.30

T

29.89–32.55

526–650

31.15–33.41

Kappaphycus
alvarezii

UT

ND

191.09 at 0.3 N KOH

ND

T

ND

208.96 at 0.3 KOH

ND

Kappaphycus
alvarezii

UT

46.43

ND

ND

T

37.02 at 0.5 N KOH

127.3 at 0.5 N KOH

ND

[60]
[65]
[66]
[58]

Note: ND: not determined, T: Treated, UT: Untreated, *only treated (T) data available, GS: Gel strength, Y: Yield, 3,6-AG: 3,6-anhydrogalactose

Table 4. Overview of common extraction process for commercial seaweed hydrocolloids
Extraction process

Seaweed hydrocolloids

Extraction process basis

Agar

Carrageenan

Alginate


Cleaning

To remove impurities, sand, debris, salts, and others contaminants





Alkali
pre-treatment

To improve gelling properties of hydrocolloids through conversion
of unstable sulphate molecules into 3, 6-anhydro-L-galactopyranose
(3,6-AG)





Formaldehyde
pre-treatment

To eliminate the colour pigments in seaweed tissue and cross-link
the phenolic compounds, and increase the alginate yield in brown
seaweed



HCIpre-treatment

To further ‘clarify’ the phenolic compounds and formaldehyde
residue while promote conversation of insoluble alginate salts (calcium, magnesium, etc.) to soluble salts



Hot water
extraction
Alkali
extraction
Neutralization
Precipitation and
filtration
Drying and
milling

To obtain certain compounds (i.e. seaweed hydrocolloids) with desirable properties and functionalities through manipulation of various parameters such as temperature, time, pH, solvent concentration,
etc.











To neutralize the extract solution by remove excess chemical and
solvents
To remove incomplete seaweed extract residue and obtain specific
pure compounds. Chemicals are used in precipitation process
To obtain dry, purify final products with desirable form for commercial purpose



















removal of insoluble residues [10]. Before undergoing alkali extraction, brown seaweed will be treated
with formaldehyde/formalin and hydrochloric acid
(HCl). Many scholars agreed that mild formaldehyde
and acid treatment prior to alkali extraction can
probably fix the phenolic compounds in brown seaweed by removing color pigments and odor while
further HCl-treatment ensures the conversion of
those insoluble salts into readily water soluble salts
during alkali extraction which eventually improves

form needs to be cleaned thoroughly prior to extraction in order to remove impurities, salts, sand and
other contaminants. Slightly different from agar and
carrageenan extractions, extraction with hot alkali is
somehow compulsory in alginate extraction process
due to the intrinsic properties of alginate; which exists in brown seaweeds as insoluble salts (i.e. magnesium, calcium, potassium, etc.) except for sodium.
Those insoluble alginate salts are converted into
soluble sodium alginate salts through subsequent
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carrageenan, but with ‘green’ methods approached,
it could probably reduce to few minutes.
Another drawback which is less economic in view
of industries is the consumption of huge amount of
water [76]. In the extraction of agar alone, huge
water amount (15–20 times of the weight of dry seaweed) is required for extraction of red seaweed and
this does not include other processing stages of agar
production such as washing/cleaning, bleaching and
neutralization, and freeze-thawing process [15]. This
problem happens to other hydrocolloids like alginate
and carrageenan as well.
Industrial practices nowadays are still employing
large quantities of reactants and chemical solvents
in order to accomplish optimum yield and quality.
Some of these chemicals used such as formaldehyde, potassium chloride, potassium hydroxide,
sodium hypochlorite, etc. during bleaching, extraction and pre-treatment are health hazardous. Overflows of these pollutants and effluents generated by
these chemicals due to the lack of control throughout
the whole production process posed a serious threat
to human health and environment [9, 77]. Solvent
like ethanol used during precipitation of carrageenan
in order to get refined-carrageenan (RC) is very
promising as it can used to produce any kind of carrageenan, including high soluble lambda-carrageenan. But, it is very expensive, due to the high
cost involved in the distillation/recovery of alcohol
and purchasing of explosion proof equipment since
ethanol is highly flammable [9]. Similar drawbacks
occur to other carrageenan recovery methods such
as drum drying process too. After all, potassium
chloride-RC precipitation method is alcohol-free
and cheaper, but the solvent used is harmful to
human health especially in large quantities; plus it
is only exclusive to the production of kappa-carrageenan [9, 78].
Furthermore, with current common practices, it is
quite difficult to optimize and control production of
alginate, agar and carrageenan due to their unique
intrinsic properties, highly depending on origin of
seaweed sources, geographical location and harvesting season [79]. Besides, other processing variables
such as reaction temperature, reaction time, source
of seaweed, concentration of solvents, and pH as
well as sizes of raw materials also synchronously affect the production of seaweed hydrocolloids yields
and their rheological properties [63, 80].

the extraction yield [67–71]. However, this treatment
may cause depolymerization of alginate, which consequently decreases the alginate rheological properties (i.e. viscosity) and their commercial preferences
taking into account that the industrial use of alginate
mainly depends on these properties [68, 72]. In spite
of that, the quality of alginate might also be determined based on their functional properties (i.e. thickening and gelling) [10]. In order to attain optimized
results, there are various processing variables such
as reaction time, temperature, sources of seaweed,
etc. which need to be taken into account as it can
synchronously influence the extraction yield and
rheological properties (i.e. viscosity and molecular
weight) of alginate [39, 68, 69, 72].
Besides formaldehyde, acid pre-treatment and alkali
extraction, recovering (filtration) (Table 4) is another
crucial process for alginate production. Instead of filtered, crude alginate solution was obtained through
centrifugation, due to high viscosity of final extraction solution [72]. In order to obtain the pure compounds of sodium alginate, alcoholic solution is usually used for precipitation purposes, but there are other
methods such as using calcium chloride (CaCl2) and
acid hydrochloric (HCl) as well [10]. Each of the
methods has their own pros and cons which eventually influence the alginate extraction yield and its
functional properties. Alcoholic precipitation is the
best choice among them all, this method is used with
agar and carrageenan too, but it is too expensive.
While precipitation with HCl seems to be better but
it was found difficult to dehydrate [10, 73, 74]. Besides alcoholic precipitation method, agar and carrageenan can also be recovered by gel pressing with
the addition of potassium chloride (KCl) which promoted solidification during filtration [9, 75].

4. Drawbacks of common extraction
methods
There are several limitations regarding those current
common practices in seaweed hydrocolloids extraction industries nowadays. One of the biggest weaknesses possessed by current seaweed hydrocolloids
extraction industries is mostly the huge consumption
of time and energy. Extractions of seaweed hydrocolloids usually requires3 few hours to attain the optimum extraction yield, depending on the species and
types of hydrocolloids concern. Basically, 2–4 hours
should be enough for extraction of agar, alginate and
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5. Green extraction and processing methods

and only small relevant literature available. Table 5
displays the extraction methods and their output in
processing of seaweed-derived compounds and derivatives.

The innovation and design of so-called ‘green’ and
extraction methods of natural products is currently
a popular topic in multidisciplinary areas. There are
three keys aspects sought by industries processes
nowadays, namely economy, quality and eco-friendliness. Microwave-assisted extraction (MAE), enzyme-assisted extraction (EAE), ultrasound-assisted
extraction (UAE), supercritical fluid extraction (SPE),
pressurized solvent extraction (PSE), reactive extrusion and photo-bleaching processes appear to be
likely candidates that could possibly avoid or reduce
the usage of solvents and thus enabling extraction
process preferable in both economic and environmental perspectives. Some of these green methods
are commonly employed to extract herbal bioactive
compounds and high purely nanofibers from plants
[81, 82]. But their level of application on the extraction of hydrocolloids from seaweed is still limited

5.1. Microwave-assisted extraction (MAE)
Microwave-assisted extraction (MAE) or just simply
microwave extraction is one of the most popular and
cost-effective extractions available today. There are
two main types of MAE, classified as open and
closed vessel systems [100]. The closed vessel system is used for extraction of targeted compounds at
higher temperature and pressure but has potential explosion risk [100–102]. Thus, MAE with open vessel
system was developed. This vessel system is used for
extraction carried out under atmospheric pressure
conditions [103]. There are few factors which are considered important while using MAE as it can affect
the overall efficiency. Those factors include power

Table 5. Green extraction methods of seaweed-derivatives and their findings
Extraction method

Research findings
Carrageenan extract which is identical to reference kappa-and iota-carrageenan are obtained
successfully without further purification
Three red seaweed galactans are successfully obtained without any degradation with extremely
fast rate of reaction compared with conventional heating
Quality agar can be obtained from red seaweed under optimum conditions using Response Surface Methodology (RSM)

Microwave-assisted
extraction (MAE)

Enzyme-assisted
extraction (EAE)

Ultrasound-assisted
extraction (UAE)

Supercritical fluid
extraction (SFE)
Pressurized solvent
extraction (PSE)

MAE can drastically reduce extraction time and consumption of solvent with optimum recovery
compared to conventional extraction method
MAE can significantly reduce extraction time while improving agar yield even at low temperature
Quality carrageenan was successfully extracted from less well known red seaweed species Hypnea musiformis
Alginate was successfully extracted from Portuguese brown seaweed through optimization of
extraction parameters
Alginates and other derivatives (fucoidan, biochar, etc.) were successfully extracted from brown
seaweed Ascophyllum nodosum through MAE
Higher carrageenan (45%) obtained with EAE compared with conventional method (37.5%)
from red seaweed Eucheuma cottonii
Carrageenan which shown good gelling properties was successfully obtained from false Irish
Moss Mastocarpus stellatus

References
[83]
[84]
[85]
[86]
[87]
[88]
[89]
[90]
[91]
[92]

Bioactive derivatives were efficiently extracted from Chondrus crispus and Codium fragile with
solvent free

[93]

Extraction of astaxanthin, novel carotenoid from green algae Haematococcus pluvial

[94]

Accelerate extraction of high molecular weight phenolic compounds from brown seaweed Ascophyllum nodosum
Highest kappa carrageenan yield (49.1%) with high purity comparable to standard reference was
obtained from Hypnea musciformis using UAE
Successfully extraction of 12 PCBs (polychlorinated biphenyls) from seaweed Undaria pinnatifida
Calcium alginate porous matrices obtained from sodium alginate solutions pre-treated with sub
and supercritical CO2 with absence of co-solvents
Fucoidan demonstrated good antioxidant and emulsifying activities were extracted from brown
seaweed Saccharina japonica
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comparison to conventional methods (such as Soxhlet, maceration, steam distillation, etc.) and to even
microwave-assisted extraction (MAE) and supercritical fluid extraction (SFE) methods [100, 106]. The
enhancement in extraction obtained through this
method is mainly attributed to the effect of acoustic
cavitation produced in the solvent due to the passage
of an ultrasound wave [94, 107]. Ultrasound exerts
a mechanical effect, allowing greater penetration of
solvent into the sample matrix, increasing the contact
surface area between solid and liquid phase [108].
Consequently, the solute can quickly diffuse from
the solid state to the solvent. This method can significantly increase the extraction yield and reduce
extraction time [102].
Employment of ultrasound in food processing for extraction of polysaccharides, carbohydrates, phytochemicals, oils, proteins, aroma, and flavour volatiles
has been reported previously [106]. This method has
been employed from laboratory-scale level to fullscale commercialized applications in food industry
due to its incredible advantages such as more effective mixing and micro-mixing, faster energy and
mass transfer, reduced thermal and concentration gradients, reduced temperature, selective extraction, reduced equipment size, faster response to process extraction control, faster start-up, increased production,
and elimination of process steps [109]. This environmentally benign and cost effective method has successfully extracted highly purified fibrils/nanofibrils
from cellulosic materials [81, 110].
Although UAE method has been utilized in extraction of bioactive compounds from several marine
algae or even non-hydrocolloids materials [81, 94,
95, 111, 112]. Still, these were limited studies regarding extraction of seaweed hydrocolloids with this
green method. Until most recently, Rafiquzzaman et
al. [96] reviewed that high purity and yields of carrageenan could be obtained from less well known
red seaweed species, Hypnea musciformis. Their study
reviewed that carrageenan yield was significantly
improved in both UAE-alkaline and aqueous treatment methods as compared to conventional method
under same conditions. Interestingly, carrageenan obtained with this method was highly purified and comparable to standard commercial carrageenan when
determined by Fourier-transform infrared spectroscopy (FTIR) and Nuclear magnetic resonance (NMR)
techniques [96]. Some other researchers also successfully extracted laminarin (a polysaccharide of

and frequency of the microwave, extraction time,
concentration of solvent, characteristics of the matrix, ratio of solid to liquid, extraction pressure, number of extraction cycles, and most importantly properties of the solvents and temperature [82, 101].
MAE has a number of advantages, such as shorter
extraction time, less solvent, higher extraction rate
and lower cost, over traditional method of extraction
of compounds from various matrices, especially natural products and large scale samples [104, 105].
MAE utilizes microwave irradiation which cause direct generation of heat within the matrix through friction and collisions between molecules, resulting in
rapid heating (in few seconds) of the targeted matrices. Conversely, traditional extraction method is time
and energy consuming, as it heats only at the surfaces of the matrix and subsequently heating is by
conduction from the surfaces to the core of the matrix particles [102].
Traditionally, native agar extraction is about 2–4 hours,
depending on the species used [9]. With MAE extraction method, the process will be completed in a
very short period due to its ability to heat raw materials selectively and locally [9]. MAE has been employed to extract seaweed hydrocolloids and other
derivatives from both red and brown seaweeds and
their results are impressive (Table 5). High quality
seaweed hydrocolloids with less extraction time and
solvent consumption were obtained through this sustainable green method [83–90]. Highly purified carrageenan; identical to commercial carrageenan was
successfully obtained from both popular (E. cottonii
and E. spinosum) and less well known (Hypnea musiformis) red seaweed species [83, 88]. It is believed
that carrageenan is highly viscous and transfers heat
poorly. Under large thermal gradient loss of product
and sub-optimum conversion occurs likely. Increase
of temperature during extraction, while applying traditional methods causes heat loss which is inefficient, additional energy, solvents, and time are consumed. But, under MAE condition, extractions become efficient and consistent with less solvents and
energy consumption while improving the end-products quality (Table 5) [83, 84, 87].

5.2. Ultrasound-assisted extraction (UAE)
Ultrasound refers to sound waves beyond the audible
frequency range (typically, >20 kHz) [106]. Ultrasound-assisted extraction (UAE) method is an inexpensive, simple and efficient extraction method in
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are antioxidants and neutral lipids [115]. It was thought
that, the extraction yields were significantly affected
by pressure rather than temperature [115].
To date, there is no report regarding extraction of
common used seaweed hydrocolloids with these
‘green’ methods. However, it is believed that these
methods could be applied on extraction of seaweed
hydrocolloids through modification of reaction temperature and pressure or addition of co-solvents or
modifiers. One of the closest examples was the extraction of Mexican’ chia hydrocolloids with SFE
method with CO2 at temperature 80 °C and pressure
450 bar without co-solvents or modifiers [116].

glucose) from Irish brown seaweed Ascophyllum nodosum and Laminaria hyperborean. They found that
UAE method with HCl modification show highest
extraction yield and antioxidant activity compared
to conventional solid-liquid extraction method for
both brown seaweed species [95].

5.3. Supercritical fluid extraction (SFE)
This method is eco-friendly, cheap, widely available,
non-flammable, and time saving (eliminating the step
of concentration after extraction). Compounds extracted with this method are highly pure with none
or less polar impurities compared with conventional
organic solvents extraction methods [102]. Carbon
dioxide (CO2) and water (H2O) are most commonly
used supercritical fluids; being used for decaffeination and power generation, respectively. This green
method can be utilized for sample preparation, for
analytical purposes, or on a larger scale to either collect desirable products or to eliminate unwanted materials from the product [113]. During extraction, supercritical fluid will be brought to their critical temperature and pressure for it to penetrate deeply and
rapidly into solid materials consequently to enhance
the extraction process. Therefore, the three main factors that may affect the extraction efficiency of SFE
are the fluid, operating temperature (40–90 °C) and
pressure (100–400 bar); other important factors
which should be take into consideration are particle
size and shapeof plant materials, moisture content of
the solid materials and solvent flow-rate [101].
There are others supercritical fluids, besides H2O
and CO2 such as methane, ethane, propane, ethylene,
propylene, methanol, ethanol and acetone, but none
of those solvents fulfilled all the principles of ‘green
chemistry and engineering’ as well as CO2, because
it has suitable critical temperature (Tc) and critical
pressure of 31.1 °C and 73.9 bar, respectively which
are ideal for the extraction of thermo-labile compounds at lower temperature [101, 113]. Moreover,
it completely dissipates at room temperature, further
evaporation or concentration step can be eliminated
and therefore shortens the extraction process [114].
Seaweed hydrocolloids possess a lot of bioactive
compounds and would be easily degraded under
high temperature. SFE-CO2 gives a non-oxidizing
atmosphere in extractions, thus can preventing extracts from degradation [102]. Among the identified
literature dealing with seaweed and microalgae-SFE
method extractions, the most extracted compounds

5.4. Pressurized solvent extraction (PSE)
Pressurized solvent extraction (PSE) is extraction
method that employed temperature and pressure in
the ranges 50–200 °C and 35–200 bar respectively.
The most widely used solvents in this method is water,
besides that propane and dimethyl ether (DME) can
be used as well [102]. The extraction solvent (water)
will be heated above their normal temperature and
pressure point but below critical temperature (Tc)
and pressure (Pc) of the solvent leaving the solvent
in liquid state [117]. This method is almost same as
Soxhlet extraction, except that the solvents used are
near to their subcritical state and have high extraction properties. This method is also well-known by
many other names, such as Pressurized Liquid Extraction (PLE), Pressurized Fluid Extraction (PFE),
Accelerated Solvent Extraction (ASE), Pressurized
Hot Water Extraction (PHWE), Subcritical Water
Extraction (SWE), Enhanced Solvent Extraction
(ESE), high pressure solvent extraction (HPSE)
[117–119]. This method permits high extraction efficiency with a low solvent volume 10–50 mL and a
short extraction time (15–20 min) comparable to traditional extraction method which require higher solvent consumption (about 300 mL) and longer extraction times (10–48 hours) [118]. Combination of high
temperature and pressure increases the solubility and
diffusion of solvents into plant materials. Thus, enhances the extraction properties. In addition, crude
extracts recovered from PSE are non-hazardous and
no further clean-up is required. This indirectly reduces cost and time.
According to Mustafa and Turner [120], PSE method
is a ‘green’ method for extraction of nutraceuticals
from herbs and food and can significantly improves
the extraction yield, decreases time and reduces
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EAE method eventually employed food digestive
enzymes such as proteases and carbohydrases in order
to break down the cell wall of seaweed and released
their active components [102]. Temperature, pH,
proportion of enzymes substrates to enzymes, type
of solvent (water or buffer with appropriate pH) and
agitation are the important parameters to be considered in order to improve efficiency of this method
especially in the extraction of targeted bioactive
compounds from seaweed. EAE method offers several advantages such as eco-friendliness, low cost,
which allows high yield of bioactive compounds to
be obtained and able to convert water-insoluble materials into water-soluble materials [100, 102, 123].
In the past, several bioactive compounds such as peptides, carotenoids, fucans and other derivatives which
are known to exhibit pharmaceutical properties such
as antioxidant, anticancer, anti-inflammatory, antiviral, etc. have been extracted and reported. However,
only a limited number of studies regarding the application of EAE method in the extraction of seaweed hydrocolloids back to date (Table 5). Previous
studies have shown that high yield of carrageenan
with good gelling properties was obtained from popular red seaweed species Eucheuma cotonii and false
Irish moss with added values of polyphenols for latter species [91, 92]. It is believed that, EAE not only
significantly improves extraction yield of bioactive
compounds but at the same time maximizes their antioxidant and antiviral activities and this in fact not
happening in conventional extraction method unless
they are optimized [93].

solvent compounds, most importantly preserves sensitive compounds. Incomparison to Supercritical Fluid
Extraction (SFE), a wider range of solvents can be
used for PSE extraction [100]. But, PSE method is
not suitable for thermolabile compounds which are
sensitive to high temperature and pressure and nonselective as SFE [118]. There could be some potential to employ PSE for extraction of common used seaweed hydrocolloids (alginate, agar and carrageenan)
seen it has been applied to extract several bioactive
compounds (polyphenols, antioxidants, fucoidan,
etc.) from both seaweed and micro algae [100].
To the best of our knowledge, there is no literature
regarding extraction of those common used seaweed
hydrocolloids (alginate, agar and carrageenan) using
PSE method in the past. Then, only recently, Saravana et al. [99] managed to extracted sulphated polysaccharides (fucoidan) from brown seaweed Saccharina japonica (Table 5). They found that the best
crude fucoidan with excellent emulsion-stabilizing
and antioxidant capacities were obtained from temperature (140 °C) and pressure (50 bars) with sodium
hydroxide (NaOH) using PSE method. Fucoidan,
which is categorized under sulphated polysaccharides and present as minor compound in cell wall of
brown seaweed; and is sometimes also identified as
‘secondary’ hydrocolloid, is closely related to alginate which can be extracted by PSE method. Meanwhile, removal of hydrocolloids or mucilage to enable subsequent extraction of omega-3 oil from chia
seed has been successfully done using PSE method
with only water as medium [121]. Thus, it is reasonable to assume that alginate and other seaweed hydrocolloids (agar and carrageenan) can be extracted
with this method too.

5.6. Others potential alternatives: Reactive
extrusion and photo-bleaching
5.6.1. Reactive extrusion
In alginate extraction process, alkaline extraction
step is the most crucial step as it corresponds to the
extraction phase itself [125]. This step when conducted in a batch reactor in industries usually possessed several drawbacks such as long time and huge
reactant and water consumption. Several hours are required to attain the optimum extraction yields depending on the seaweed species. The alkaline extraction
time is thought to influence the rheological properties of alginates [126]. Reactive extrusion tends to reduce the usage of reactant (sodium carbonate), water
and time consumption, while still producing alginate
of high rheological quality, better than conventional
batch extraction. One of the greatest advantages of

5.5. Enzyme-assisted extraction (EAE)
Plant cell wall is a complex and heterogeneous structure, which consists mainly of cellulose, hemicellulose and lignin [122]. However, seaweed cell walls
and cuticles are physically and chemically more complicated than those of land plants. Seaweed cell walls
and cuticles are made up of a chemical mixture of sulphated and branched polysaccharides which are associated with proteins and various bound ions including
calcium and magnesium [123]. This physical barrier
somehow restricts the general extraction procedure of
targeted compounds from seaweed [124]. As a result,
it is necessary to break down these complex cell walls
in order to isolate the targeted compounds.
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also be tested for other types of hydrocolloids such
as alginate and carrageenan.

reactive extrusion compared to traditional extraction
was huge saving in process time: reaction time decreased from an hour to just 5 minutes. Water and
reactant consumption were also reduced significantly: less than half the consumption values recorded
compared to the traditional method. Most importantly, the extraction yield, purity and rheological properties of alginate extract obtained with reactive extrusion were comparable to traditional batch extraction method [126].
This green method which employed extruders as
chemical reactors has been developed just few decades
ago, but most of developed reactive extrusion applications were related to polymer science and food engineering [127]. To date, only limited literature regarding this method on extraction of alginate which
has been studied, and most of them were referring to
modeling study of this method and its application to
alginate extraction for optimization purposes [125,
127, 128]. Reactive extrusion has the advantage of
being a continuous process which makes the process
interesting both economically and environmentally.
The efficiency of this green method should also be
further tested for extracting other seaweed hydrocolloids such as agar and carrageenan from various
species.

5.7. Advantages and limitations regarding
green extraction methods
At lot of factors need to be taken into consideration
when selecting appropriate extraction method, such
as rate of recovery, cost, time, volume of solvents
used, types of solvents, greenness of the method, and
also possibility of scale-up. However, all these extraction methods either conventional or advanced
method possess their own advantages and drawbacks.
The advantages and disadvantages of those advanced and potential extraction method are tabulated
in Table 6 [101, 102 106, 118, 126, 130–132].
Generally, extraction with water is the easiest way to
separate polysaccharides from various sources of
plants, microorganism and algae under appropriate
conditions. But, this method requires high temperature and long processing time which may lead to the
degradation of polysaccharides and some valuable
bioactive compounds. Inversely, extraction of polysaccharides can done with those green extraction
methods efficiently: short treatment time, less solvent consumption, high extraction yields and quality
with other enriched properties (Table 6). MAE is basically the most well-known and utilized green extraction method nowadays. But, there are some limitations. MAE closed systems have potential explosion risk due to high temperature and pressure. Thus,
open systems are designed to overcome these problems. But this system has its own drawbacks as well.
This MAE-open system is cheaper than closed systems and fully automatic but is thought to be less
precise. The system cannot handle samples simultaneously while closed-vessel systems can handle about
10–14 samples at a time. As compared to MAEclosed systems, this open system required longer extraction times [82].
In spite of that, this green method can be scaled up
to industrial level, but its high cost intensity needs to
be solved. SFE, PSE, UAE, reaction extrusion and
photo-bleaching methods can potentially improve
the extraction efficiently and consistency of seaweed
hydrocolloids yield and qualities, but their high
equipment costs and skills required maybe a drawback for mass production. Polysaccharides from mulberry leaves are efficiently extracted with MAE and
UAE. But, equipment costs and operator skill of MAE

5.6.2. Photo-bleaching extraction process
Color control is one of the important factors in the
production of common used seaweed hydrocolloids.
This colour variation issue was usually controlled
through chemical bleaching process. This process
not only less eco-friendly, but also lead to reduction
of extraction yield and quality due to difficulties of
controlling the pH and solvent concentrations during
the bleaching stage [9, 10, 129, 130]. Thus, an ecofriendly bleaching process which adopted ‘green energy’ of sunlight has been developed. This green
method has shown a huge potential for the production of high quality and eco-friendly seaweed hydrocolloids. It not only eliminates the usage of harmful
chemicals but at the same time improves the rheological properties (gel strength, gelling temperature,
sulfate content, 3,6-anhydro-L-galactose content) of
agar compared to native, alkali-modified and chemical-bleached agar under optimum photo-bleaching
duration of 5 hours [129, 130]. The equipment cost
maybe a drawback for this method, which requires
further study. The efficiency of this method should
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Table 6. Advantages and limitations of green extraction method
Extraction method

Advantages

Limitations
 Only solvent with high dielectric constant and lower
dissipation factor can be used
 High capital cost
 Potential explosion risk especially with MAE closed
vessel

 Short treatment time
Microwave-Assisted
 Organic solvents and water can be used
Extraction
 Suitable for thermal-labile compounds
(MAE)
 Better than conventional Soxhlet method
Enzyme-Assisted
Extraction
(EAE)

 Slow extraction process (take from hours to days)
 The efficiency of the enzymatic hydrolysis is very
low if the materials moisture content is very low

 Green extraction method
 Allowed high yield of bioactive compounds

 Efficiency of extraction depending in the plant matrix
 Solvents with low surface tension, viscosity, and
vapor pressure are preferable
 Excess sonication may cause damage to the quality of
extracts

 Short treatment time
Ultrasound-Assisted
 Less solvents consumption
Extraction
 High extraction yields
(UAE)
 Inexpensive

 Green extraction technology
Supercritical Fluid  Extracts obtained with high purities without residues  High cost for high pressure-equipment needed
Extraction
 Solvent-free extracts
 May difficult to extract polar compounds
(SFE)
 Short extraction time
 High processing cost and energy consumption
 Ideal for extraction of thermolabile compound
 Green extraction technique (water can used as solPressurized Solvent
 High cost for the high pressure equipment needed
vents)
Extraction
 Extraction performed at high temperature may cause
 High extraction efficiency with less solvents required
(PSE)
degradation of thermolabile substances
 Short extraction time
Reaction extrusion
Photo-bleaching

 Reduce time, and solvents consumption
 Improved quality of extraction yields

 ND

 Less hazardous and environmental-friendly due to
limited use of bleaching agents
 Improved extraction yields and its quality

 ND

Notes: ND: Not defined

Recently, the traditional style and less eco-friendly
seaweed hydrocolloids extraction methods are still
the common practice around the world. It is necessary to prove the safety and capability of those green
methods through continuously research, as well as
to reduce their implementation costs, in order to persuade industrial, researcher and academician to invest in these sustainable technologies.

and UAE were higher compared to conventional solvent method (CSM) [133]. SFE has shown some potential in extraction hydrocolloids from plant, and
even non-hydrocolloid materials (i.e. modified cellulose). But, this green technology is considered to
be expensive due to the high processing costs and
energy consumption [116, 131]. EAE can be the greenest extraction method among them all, as it can increase the extraction yield of protein from microalgae and antioxidant activities of phenolic compounds from brown seaweed without the use of organic solvents and harmful chemicals. But excessive
buffering required during extraction made it costly
and less economic [134–136]. Both photo-bleaching
and reaction extraction has shown some potential in
improving the extraction qualities of seaweed hydrocolloids based on some previous studies [126, 128–
130], but their limitations still remained unclear.
High capital cost might be a drawback for mass extraction of seaweed hydrocolloids using these methods. Thus, further studies need to be completed by optimization and costs studies (equipment and energy).

6. Conclusions
Alginate, agar and carrageenan are three unique
sources of seaweed hydrocolloids that have significant importance in food, pharmaceutical, biotechnology and medicinal industries. They are cheap, abundant and renewable resources together with their
incredible physico-chemical functional and bioactive
properties, which are already known and yet to be
explored, hold a great and worthy potential for researchers from all fields to be further exploited and
discovered. Traditional extraction methods and procedures have been widely practiced and studied but still
possess several drawbacks and limitations. Several
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