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Chapter

Introductory Chapter: Alginates - A
General Overview

Leonel Pereira and Jodo Cotas

1. Introduction

Alginate is an anionic polymer that occurs naturally in brown algae
(Phaeophyceae), normally present on the cell walls of these organisms.

Alginate is a structural element designated to be the seaweed’s main skeletal
compound likewise the cellulose function in terrestrial plants, with the gel located
in the cell walls and intercellular matrix conferring the mechanical strength and
flexibility necessary to withstand the force of the water in which the seaweed
grows [1]. Moreover, this function is reflected in the compositional difference of
alginates in different seaweeds.

Alginate varies in composition of the algae from 20 to 60% dry matter, but on
average brown algae species has 40% alginate. Alginate in brown algae occurs as gels
containing sodium, calcium, strontium, magnesium, and barium ions [2].

Alginate is not a compound exclusively of brown algae because there are bacteria
that can also produce alginate, but currently all commercial alginate is extracted
from algae biomass [3].

Industrial applications of alginate are linked to the gelation, viscosity, and
stabilizer properties that alginate attributes to the solutions and products in which
it is present. Normally the alginate is a matrix of alginic acid bound cations, such as
calcium, sodium, or magnesium. These ions give greater stability to the alginic acid
molecule, where the divalent cations give alginate a very rigid conformation and a
stable structure unlike the alginate with monovalent cations.

The biotechnological applications of alginate are based on specific effects of the
alginate molecule and its variations depending on the covalent bonds with cations,
such as calcium, sodium, or magnesium, and this allows for a great number of
applications in several variations of the structure and conformation of the alginate
molecule.

Alginates are in vogue for specialized knowledge as a pharmaceutical or
biomedical ingredient or as compound for advanced biotechnology, and these
investigations are turning to a more detailed study of the properties and structure
of alginate, leading to points of scientific innovation that, associated with empirical
knowledge, will benefit the traditional techniques of alginate exploitation.

2. History
Alginic acid was first discovered and patented (patent date: 12 January 1881)
by the British chemical scientist E. C. C. Stanford, and he continued the work on

its discovery, contributing to the elucidation of the chemical structure of alginic
acid [3]. The Stanford patent explains how the alginate can be extracted by soaking
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the algae with water or diluted acid, then extracting with sodium carbonate, and
then precipitating the alginate present in the solution by addition of acid [4].

In the second decade of the twentieth century, some scientific groups work-
ing separately with alginate found that uronic acid was one of the constituents of
alginic acid. Moreover, this discovery led to further study in the years to come.
These investigations led to the discovery of D-mannuronic acid in hydrolyzed
alginate samples. The nature of the bonds in the uronic acid residues in the alginate
was identical to that in the cellulose, through the § 1, 4 bond.

It was only in the 1950s that with the work of Fischer and Dérfel [5], through
a chromatographic study of uronic acids, the presence of a different uronic acid
from what had been identified was discovered, identifying this new acid with
L-guluronic acid. And that acid had a considerable quantity in the sample analyzed,
and as such, a quantitative method was developed to determine the two acids pres-
ent in alginate, mannuronic acid and guluronic acid.

Thereafter, alginate was identified as a binary copolymer composed of residues
of guluronic and mannuronic acids, but in general, it was reported that alginic acid
was chemically homogeneous and of equal chemical structure, independent of the
raw material from which it was extracted.

This principle had to be scientifically proven, and the alginate had to be frac-
tionated chemically from different sources to prove the theory. The development
of fractionation techniques was done mainly by Haug [6], who helped the charac-
terization alginate as a block copolymer and in the correlation between the block
structure and the physical properties of an alginate with that composition.

3. Chemical structure

The alginate is an unbranched biopolymer family. The alginates consist of 1,4-8-D-
mannuronic acid (M) and 1,4 a-L-guluronic acid (G) monomers, with a homogeneous
(poly-G, poly-M) or heterogeneous (MG) block composition, which was proven by
partial acid hydrolysis. That is, each alginate-producing species may exhibit different
alginate compositions and as such differences in the ratio of mannuronic and guluronic
acid blocks, varying in composition and sequence [7]. The proportions of the two acids
vary from species to species and from different parts of the same seaweed [8].

It was proven that the alginates do not have regular repeating units and that
the distribution of the monomers along the polymer chain could not be described;
hence the knowledge of the monomeric composition was not sufficient to deter-
mine the sequential structure of alginates from diverse species.

Alginate is found in seaweeds as salts of different metals, primarily sodium
and calcium, in the intercellular regions and cell walls. Its biological functions in
seaweeds are of structural and ion exchange type. Alginate enriched in polyman-
nuronic acid is found in young cell wall tissue and/or intercellular regions, whereas
polyguluronic-rich alginate is found in the cell wall having a high affinity for Ca*,
which is mainly responsible for gel strength [9]. Alginate polymer is synthesized in
the cytoplasm and then transported to the cell surface [10].

The principal differentiation between algal and bacterial alginates at the molecular
level is the presence of O-acetyl groups at C, and/or C; in the bacterial alginates [11].

4. Alginate extraction

The extraction methodology of alginate is recurring on the transforming
of the insoluble mixture of the alginic acid salts prevenient of the cell wall in a
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soluble alginate salt, which is naturally recommended for aqueous high-affinity
polysaccharide obtained from the main species of brown algae (e.g., Fucales

and Laminariales). The industry uses brown seaweeds mainly from the genus
Macrocystis, Laminaria (Figure 1a), Lessonia, Ascophyllum, Alaria, Ecklonia,
Eisenia, Nereocystis, Sargassum, Cystoseira, and Fucus (Figure 1b), with Macrocystis
pyrifera (Figure 1c) and Ascophyllum nodosum (Figure 1d) being the principal
resources utilized.

Various species are harvested, and some are even cultivated offshore
(e.g., Laminaria and Alaria (Figure 1e)) for alginate production, between southern
and northern hemispheres. The species used are generally harvested from natural
resources. China and some northern hemisphere countries, however, cultivate these
species, which is an expensive way of alginate production. In this case, Laminaria is
mostly used as food, and if surplus amounts are cultivated, then it can be used for
alginate production.

Brown seaweeds that grow in cold water and those growing at a temperature up
to 20°C are more used because they have more alginic acid content than the brown
seaweeds found in more warm waters. And due to more turbulent waters, the
seaweeds produce more content than the same species in calmer waters [12].

The alginic acid appears in the seaweeds as an insoluble mixed salt. To extract it,
it is necessary to convert the alginic acid into its soluble salt forms such as sodium or
potassium [12]. The alginate is made alternately insoluble and soluble in solvent by
ion exchange reactions to separate out from the other constituents of algae. As large
molecules must diffuse out from the plant tissues, the seaweed is preferably reduced
to small particles as a preliminary step. Therefore, the first step is to wash (dry, if
necessary) and mill the seaweed. Alginate isolation is essentially an ion exchange
process, and alginate is brought into solution as sodium alginate by treating it with
a strong alkali, after a pre-treatment with hydrochloric acid before the extraction
with sodium carbonate [13, 14]. There are several methods to separate the alginate
from other soluble substances from the crude alginate extract solution.

For example, addition of alcohol [2] would precipitate out sodium alginate.
Adding a solution of calcium chloride with good stirring would precipitate out cal-
cium alginate, whereas adding hydrochloric acid would precipitate out alginic acid.

Figure 1.

(a) Laminaria ochroleuca from Insua beach, afife, north of Portugal; (b) Fucus ceranoides from mondego
river estuary (coordinates: 40° 7'31.39"N, 8°46'15.76"W), center-north of Portugal; (c) Macrocystis pyrifera;
(d) Ascophyllum nodosum from Praia do norte, Viana Do Castelo, north of Portugal; (e) Alaria esculenta
from Eskifjorduy, Iceland; (f) Chlovella vulgaris immobilized in calcium alginate gel beads. Original images:
(a, d, and e) University of Coimbra (MACOI), (b and f) Jodo cotas images in public domain: (c) Shane
Anderson.
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The extraction of alginate is done by mild acid treatments that remove undesir-
able compounds (normally, hydrochloric acid) and modify the cell wall alginate
into alginic acid to obtain the best extract efficacy because the intercellular
mucilage has been regarded as the principal site of alginic acid [15]. The alginic
acid is recovered as a soluble sodium form by neutralizing with sodium carbonate
or sodium hydroxide. The insoluble residue is removed by filtration, flotation, or
centrifugation, and the soluble alginate is precipitated by conversion into alginic
acid or calcium/sodium alginate. The alginic acid is then converted into the required
counter ion by neutralization with appropriate hydroxides or chlorites. The dif-
ference in the alginate recovery process depends on the source and structure of
constituents of alginate [13].

5. Alginates as valuable resource

Alginates are used in the food, cosmetic, paper, agricultural, pharmaceutical,
and biomedical industries and in other various industries; some are now starting
to apply the alginates. The alginates overall are the main seaweed polymer, in terms
of quantities, used by industry. There are different purity classes of alginates ready
to apply for different uses; with that, the price of alginates varies according to the
purity state and applications on the industry. For instance, the alimentary grade
sodium alginate is priced at USD 6.5 and 11.0/kg, while pharmaceutical grade is val-
ued at USD 13 and 15.5/kg. In Asia, more specifically in the Korean peninsula and in
Japan, Saccharina japonica (formerly Laminaria japonica) has a big demand which
resulted in a higher price, which resulted in the introduction of buying alginates
from other countries [16]. Alginate market is expected to grow annually between
2 and 3%. The uses of alginate in the industry, such as textile printing, account for
nearly half of the global market. On the biomedical, medical, and pharmaceuti-
cal industries, it has an implication of nearly 20% of the global market, and it is
expected to grow between 2 and 4% in the global market, lying on the applications
of alginic acid derivatives in wound healing and regular basis innovations and
developments in controlled-release technologies. Paper industry only reports to
nearly 5% of the global market [17].

Alginates are mainly used as thickeners and stabilizers in the food, pharmaceuti-
cal, and cosmetic industries, because they are easy to use, has a low cost, are well
tolerated in the human, and can be easily modified for determined objective and in
the different fields.

Today, the global seaweed industry is worth more than USD 6 billion
per annum (approximately 12 million tons per annum in volume) of which 85% is
in the food area for human consumption. Seaweed-derived polysaccharides
(carrageenan, agar, and alginates) make up almost 40% of the world’s hydrocol-
loid market [18].

The global alginate market size was valued at USD 624.0 million in 2016. The
demand for alginates in the food industry will be increasing by consumption of
frozen desserts, ice creams, beer, and yogurt; with that, it is anticipated to push a
salient market growth of alginate value and use.

The application of the alginates in the food industry is permitted and regulated
by the major regulatory agencies including the FDA and European Commission,
which stimulates the high interest in alginate. The increasing of food industry
in Asia, due to the growth in habitants, is expected to run a higher demand of
alginate in that area. Therefore, this alginates-based products acceptance by the
manufacturing industries is expected to growth, such as biomedical industry and
its high demand for alginate with high quality. The product is mainly used in the
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pharmaceutical industry for the production of controlled-release drugs due to
superior product performance [19].

Corporations in the market devote to the investigation and development of
new advanced product grades to captivate costumers. Extraordinary financing by
national governments and alginate industries on route to the growth of seaweed
processing is predicted to help the alginate-based industry’s expansion and suc-
cess. Nevertheless, such high search for alginate can have as outcome a limited raw
material availability, and the alginate industry is now evaluating the production
of alginate with seaweeds of aquaculture (mainly offshore, at this moment in the
North Atlantic Area and China).

There is a large market for any brown seaweed that has an alginate of medium to

high viscosity or high gel strength [20].
5.1 Agricultural applications

Alginate present in the brown algae (in the form of alginic acid) constituted a
functional element of the traditional fertilizers, allowing the water retention in the
soils. So, the principal function of alginate on agricultural area was as a soil condi-
tioner. Being a superabsorbent (SAP) or water-retaining material is an advantage
of alginate. They are natural materials that can absorb large amounts of water, as
much as hundreds of times their own mass. These alginates are generally known
in agriculture as nonionic or ionic moisture-holding hydrogels for increasing soil
water retention, which is a basic soil property.

The reservation of moisture or water in the soil is the major process consequence
in which all plantations depend. The large pore spaces in arenaceous soils restrain
the soil from holding water, and the soil dries out regularly, and precious nutrients
wash away past the plant roots. The inclusion of alginate can solve the lack of reten-
tion of water and raise nutrient disponibility. High-capacity absorbents definitely
can upsurge the water-retention capacity in such soils.

Superabsorbents (SAP) in agricultural areas have been designed and devel-
oped to provoke an enrichment of the abiotic properties of soil by rising their
water-retention ability, developing a better water usage efficiency, enhancing soil
permeability and infiltration rates, contributing to lower the irrigation frequency,
lowering the compaction shift, preventing erosion and water drainage, enhancing
plant performance, increasing soil aeration, lowering the dissolution of fertilizers,
developing a better adsorption capacity or enhancing the uptake of some nutrient
elements by the plants, and provoking a raise of the microbial activity [21].

The alginate of seaweed directly suppresses the pathogens [22]. Indeed, alginate
pellets developed as carrier material for biocontrol agents have been reported to
reduce multiplication of Rhizoctonia (fungi) disease in potato [23], while incorpora-
tion of Ascophyllum nodosum extract into the planting medium caused delay and
reduced incidence of Verticillium (fungi) wilt of pepper plants [24]. Therefore, it’s
proven that alginates are involved in host defense mechanisms [25]. Of particular
interest in agriculture are those that elicit defensive responses resulting in protec-
tion against pathogens or insect damage [26].

In other cases, the alginate will have other particular function, as the main
characteristic of alginate as product principal emulsifier and to delivery control
of actives ingredients in agricultural field. The active ingredient is mixed with
alginates for their safer, easier, and more accurate handling as well as for their
effective application in the field and, at the same time, preventing the immedi-
ate release of the active ingredient, so the main drawback associated with these
formulations can be avoided. These alginate-based systems are able to deliver the
active ingredient gradually for a long period of time in a specified target with
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a desired rate [27-29]. The controlled-release systems do not release the active
ingredient at once; this technique therefore lowers the pesticide residues in soil
and thus reduces the direct effect of pesticide. After their degradation, these are
helpful as compost in the field [30].

Alginate is also used as an inoculant carrier for plant growth-promoting bacteria
[31, 32] and for bacteria with biodegradation ability [33].

5.2 Biomedical applications

The conventional role of alginate in the biomedical area includes being used as
thickening, gel-forming, and stabilizing agents, as alginate can play a significant
role in controlled-release drug products. But the main use of alginate in the bio-
medical area is actually in hydrogel form, used in the wound healing [34], drug
delivery, and tissue engineering applications. Alginate hydrogels are biocompatible
and structurally identical to the macromolecular-based components in the human
body and can regularly be convoyed into the body by minor invasive techniques of
administration to the select human body [35].

In this area, there is a need that the alginate used and tested is pure as maximum
as possible, because the impurities will compromise the biocompatibility of the
biomaterial with alginate [36].

The utmost captivating characteristics of alginate for the biomedical applica-
tions involve the natural biocompatibility, mild gelation conditions, and easy
adaptation to assemble alginate derivatives with new properties and characteristics.
Alginate has a safe clinical sheet for biomedical applications as a wound dressing
material and pharmaceutical component and has been harmlessly inserted in a wide
range of utilizations.

The conception of new biomaterials is centralized on the resemblance in the
functions of the extracellular matrices of body tissues, as these can manage the host
feedback/responses in an accurate behavior, and materials derived from natural
sources have gained a lot of interest, mainly because of their inherent biocompat-
ibility. At this moment, alginate and its derivatives are one of the best chemically
known biopolymers in the world, and it has been extensively investigated and used
for many biomedical applications, due to its biocompatibility, low toxicity, rela-
tively low cost, and mild gelation by addition of divalent cations such as Ca** [37].

The great challenge in this area is complementing the physical feature of alginate
gels with specific use in a precise utilization. Taking in consideration the great range
of different possible cross-linking approaches, employing molecules with diversi-
fied chemical structures, molecular weights, and cross-linking capabilities will
usually turnout gels applicable for specifics different types of application [36].

Alginate-based wound dressings keep the physiologically humid microenvi-
ronment, lowering the risks of a bacterial infection at the wound location and
promoting an easy wound healing. Drug compounds, from small chemical drugs
to macromolecular proteins, can be liberated from alginate gels in a skillful way,
revolving around in the cross-links types and cross-linking methodology applied.

The therapy of acute and chronic wounds is a major need in various areas of
medicine, and alginate-based wound dressings have various beneficial properties.
Traditional wound dressings, such as gauze, provide principally a good barrier
property—maintaining the wound dry by granting the evaporation of wound exu-
dates and preventing the passage of pathogens into the wound [38]. In the opposite
way, the modern dressings, likewise the alginate dressings, contribute to a moist
wound environment and aid an easy wound healing [39].

New wound dressing types with alginate that are more functional and bioactive
have been studied and developed up to this date.
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Alginate gels are additionally an excellent compound for cell transplantation
in the tissue engineering area. The main objective of tissue engineering was to
develop and produce man-made tissue and organ replacements for patients who
suffer the loss or failure of an organ or tissue [40]. In this field, hydrogels are
used to deliver cells to the specific location, providing an area for new tissue for-
mation and, moreover, controlling the structure and function of the engineered
tissue [41].

Even with recent developments in the area, the treatment of bone injuries is
restricting because of the poor healing and complex bone healing system. In this
case, alginate gels have been tested with success in bone regeneration by delivery of
osteoinductive factors, bone-forming cells, or a mixture of both [42].

Alginate gels have been described to be effective for transplanting chondrogenic
cells to recover damaged cartilage in animal models [43].

Alginate gels are also being actively investigated for their ability to mediate the
regeneration and engineering of a variety of other tissues and organs, including
skeletal muscle, nerve, the pancreas, and the liver. Actual plans for skeletal muscle
regeneration involve the cell transplantation, growth factor delivery, or a combina-
tion of both approaches [44, 45], and alginate gels have been described as potential
hypothesis in these strategies.

Alginate derivatives containing cell-adhesive peptides have been gaining signifi-
cant attraction in the last years. These derivatives are normally prepared by chemi-
cally including peptides as side chains, applying carbodiimide chemistry to connect
via the carboxylic groups of the sugar residues. Considering that alginate intrinsi-
cally do not have mammalian cell adhesiveness, pertinent ligands are essential to
develop and manage cellular interactions, principally for cell culture [36] With that,
the alginate gels are now being utilized much more as a model system for mam-
malian cell culture in this field. And one of the advantages is that the gels can be
adapted to 2D or more physiologically relevant 3D culture systems.

The absence of mammalian cell receptors joined with the low protein adsorp-
tion to the gels enables the utilization of these materials in many ways as an ideal
blank slate, with highly specific and quantitative modes for cell adhesion that can be
incorporated. Also development demonstrated with in vitro studies can be readily
translated in vivo, because of the inherent biocompatibility and easy introduction
of alginate into the body [36].

Alginate hydrogels have been widely investigated to date in many drug delivery
applications, due to their adjustable swelling properties in response to temperature
changes, leading to on-demand modulation of drug release from the gels [46].

Alginate is a nondegradable material in mammals, as the mammals do not have
enzymes (i.e., alginase) that can break the alginate chains, but ionically cross-linked
alginate-base gels can be disassociated by release of the divalent ions cross-linking
the gel into the surrounding media. Despite the gel dissolution, the average molecu-
lar weights of many commercially available alginates are higher than the renal
clearance threshold of the kidneys, and presumably dissolved alginate isn’t removed
from the body with 100% efficiency [47].

Alginate has also been greatly explored in plenty drug delivery systems merged
with chitosan, and this blend forms ionic complexes. Chitosan is a derivative of
chitin [48].

Alginate is an attractive and exceptional contender for the protein drug delivery
systems, considering that alginate-based materials/gels can incorporate proteins
[49, 50]. The delivery in this scenario can be easily exploited by modifying the
degradation rate of the gels [50].

Also, alginate can serve as an agent against heavy metal poisoning, and it is
proven that it can be an effective coadjuvant in the case of food poisoning [51].
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On the medical side, there has been an increment of interest to use alginate as a
pharmaceutical ingredient to treat some diseases or health problems:

Diabetes—This bioactivity is related to the hypoglycemic activity from
alginate [52].

Cholesterol—The alginate on the assay in article [52] with rats provides interest-
ing results, with cholesterol excretion from the rats and hypocholesterolemic effect
from alginate.

Obesity—The capacity of alginate to swell and so occupy space on the stomach
of the patient provides a satiety effect which can help people lose weight and
provide a management tool for the medical personnel [53];

Digestive tract problems—The alginate is used as dietary fiber and can regulate
the intestinal tract.

5.3 Bioremediation applications

Environmental bioremediation is a profitable and promising technology,
which can lead to complete mineralization of organic pollution. Bioaugmentation
(introduction of selected microorganisms to supplement indigenous populations)
is one of the bioremediation approaches [54]. Entrapment in alginate gel is a widely
used approach for immobilization of microorganisms to improve their viability
(Figure 1f) [55].

Alginate is a natural chelating agent and a bio-adsorbent of heavy metals in
aqueous solution; it has high affinity and binding capacity for metal ions and,
thus, is widely used as a heavy metal adsorbent for environmental protection [56].
Alginate-clay composites are suitable for environmental remediation as sorbents of
heavy metals [57] and persistent organic pollutants [58].

5.4 Cosmetic applications

Alginates are an omnipresent ingredient of cosmetics. They usually are utilized as
emulsifiers, consistency enhancers, and thickening agents in cosmetic formulas, form-
ing a moisture-retaining surface film. They can have some kind of active effect, such as
skin protection, because they retain water and maintain the skin rehydrated [59].

Alginates are water-insoluble; however, they can swell, as mentioned before.
Thus, they are like hyaluronic acid, so they can absorb more water as much as
several hundreds of times its weight.

They are used in hand jellies and lotions, ointment bases, pomades and other
similar preparations, greaseless creams, dentifrices, and other products that became
more green and environmentally friendly [60, 61].

Alginate has also been described as an anti-oxidative agent and can be applied to
prevent skin aging and cutaneous disorders. Additionally, antioxidants can help to
maintain the organoleptic properties of cosmetic products by inhibiting lipid oxida-
tion, thus avoiding changes in appearance, odor, and flavor [62].

5.5 Food applications

Alginates are commonly used in the food industry as natural additives; they have
codes from the European Union as food additives, and these codes vary with the ion
type associated with alginic acid [15, 63].

European codes for alginates are as follows: alginic acid, E400; sodium alginate,
E401; potassium alginate, E402; ammonium alginate, E403; calcium alginate, E404;
and propylene glycol alginate, E405.
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Seaweed polysaccharide applications in food industries are based mainly on
their stabilizing, emulsifying, and gel-forming ability. They are widely used as food
additives in jams, jellies, ice creams, dairy products, etc., to improve and stabilize
the structure of food.

Water-in-oil emulsions likewise the mayonnaise and the salad fillings are less
liable to fractionate toward their original oil and water phases if thickened with
alginate. When the emulsion is acidic, the sodium alginate will precipitate into
insoluble alginic acid forms; to resolve this problem, propylene glycol alginate
(PGA) is used for acidic emulsions, because this compound is stable in mild acid
conditions [63].

The advantage of alginate in the food industry is that humans do not have
enzymes to break the molecule; therefore, alginate behaves as a dietary fiber,
enhancing the satiety and reducing the food intake of humans, lowering the energy
intake by human, and preventing obesity [53].

5.6 Dental medicine applications

Hydrocolloids were the first elastic materials to be used in the dental field, and
their results are fundamental to form a first “idea” about the patient’s oral health
status.

The alginate is used as irreversible footprint compound to emulate a footprint
faithfully, giving details in a high-definition footprint although there is an existence
of undercuts.

The main alginate advantages are the fact that they are low cost, do not react
adversely on the patient, and can be easily manipulated and that the technique
can be performed within a short period of time and has simple execution, lack of
instrumentation, and high-definition footprint, even with the presence of under-
cuts, in a single-step methodology.

Alginate picking reaction is a chemical reaction of irreversible precipitation;
therefore they cannot return in soluble form using physical means, such as tempera-
ture, as with reversible hydrocolloids [64].

5.7 Other areas of alginate application

Packaging dominates the waste generated from plastics. Since the European
Union synthetic plastic ban, alginate is one of the most suitable alternatives to fab-
ricate packaging material due to their nontoxicity, biodegradability, and derivability
from renewable natural resources.

With the bibliography analysis, it can be resumed that additives such as nonma-
terial and antimicrobial compounds can improve various characteristics of the films
and the packaging with antimicrobial activity is highly desirable in films to improve
the shelf life of packed food products [56].

In textile printing, alginates are used as thickeners for the paste containing
the dye. These pastes may be applied to the fabric by the use of either screen or
roller printing equipment. These combine chemically with cellulose in the fabric.
Alginates don’t interact with the dyes; also they can be washed out of the finalized
textile and are considered the first-rate thickeners to the reactive dyes [20].

The principal alginate application in the paper industry is in surface sizing.
Alginate is mixed with starch sizing giving a smooth uninterrupted film and a
surface with less fluffing. The oil resistance derivate from alginate films allows a size
with improved greaseproof and oil-resistant properties. This can enhance the gloss
obtained with high gloss inks.
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If papers or boards need to be waxed, alginate in the size maintains the wax at
the surface.

Alginates provide a better coating runnability than other similar compounds/
products, specifically in hot, on-machine coating applications.

They are also exceptional film formers and enhance the ink printability and resis-
tance. In the size, the normal mixture of alginate is 5-10% of the total weight of starch.
Alginate is used in the starch adhesives to form corrugated boards, because it stabilizes
the viscosity of the adhesive and allows control of its rate of penetration [20].

The applications of alginates in new areas has proven the multi-role capacity of
alginates, such as supportive agent for silicon nanopowder to yield a stable battery
anode that possesses reversible capacity eight times higher than that of the state-
of-the-art graphitic anodes. Improved performance characteristics prevent the
dramatic volume changes during electrochemical alloying and de-alloying with Li,
which typically leads to rapid anode degradation [65].

In the specialized clothing industry, the alginate anti-fire capacity was proven to
be effective. The new alginate-based materials are showing enormous potential to
be applied in building insulation materials and textile industry [66—68]

6. Conclusion

Humans use seaweed since the inception of civilization due to its medicinal
properties and other properties, such as manure for the infertile soils. There is also a
long history of alginate usage in foods as additives and as emulsifying, gelling, and
stabilizing agents. And those characteristics open new areas and industries where
alginate can be harnessed and used with success.

In bioremediation, the alginate can act as heavy metal chelating agent and sup-
port new technology to rehabilitate the degraded ecosystems.

This function can also serve as medical support to patients poisoned with heavy
metals.

Although it was discovered in 1881, one of the main characteristics of alginate
was used for a long time without notice: this was as soil conditioner by Europeans
and other people since the Bronze Age.

Alginate is one of the easiest and low-cost natural polymers, and because of
these particularities, alginate is the most researched polymer among all seaweed
polysaccharides. Alginate advantages are now being explored for innovations on
other areas, and that is improving the knowledge about alginates.

On the biomedical area, the alginate-based compounds/products will be on the
front line of the new emergent methods and techniques evolving the human and
animal health in various medical areas. This is happening now with wound dress-
ings and the addition of regeneration factors in the alginate-based ones.

It is believed that with the new demand of natural polymers to substitute
synthetic polymers, the alginate from various forms will be harnessed and will gain
new types of applications in the industries that work with polymers. That demand
is now sorting effects with the increment of investigation and development of new
techniques and methods to work with alginate and its subforms, such as alginate-
nanoclay complexes.
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