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Abstract: The recent influx of sargassum seaweeds is exerting adverse
ecological and socioeconomic footprints on coastal communities in the
Caribbean and West African countries. These recurring events have gained
worldwide attention, paving the way for intense research and management
efforts. Sargassum seaweeds possess several compounds and derivatives,
which make them useful additions in the textile, food, pharmaceutical, biofuel,
agriculture, chemicals, cosmetics, and medical sectors. Unfortunately, limited
studies detail the application of these seaweeds in construction, where
environmentally friendly materials with low embodied energy are currently
desirable. This article focuses on the practical use and previous work of
researchers on sargassum seaweed in construction, focusing on building
materials. The study employed a rigorous approach to obtain relevant studies.
It highlighted the various compositions and derivatives after sargassum
biomass valorizing and their influence on the properties of building materials.
Although this article will serve as a reference for practitioners and future
research, it also reveals the resourcefulness of sargassum seaweeds in the
development of sustainable materials for construction applications.
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1 Introduction

Approximately 10,000 tons of seaweed have been encroaching various coastlines throughout the
Caribbean region, extending from the North Atlantic coast to the Gulf of Guinea [1-2], indicating the
potential onset of an ecological catastrophe. This uncontrolled influx of seaweed has been considered
by experts to be the greatest single threat to the Caribbean [3], echoing what natives along the coasts
call the worst and most devastating environmental event in recent times [4]. Marine experts have
referred to these massive floating seaweeds as ‘sargassum blooms” or ‘golden tides’ [5] due to their
cascading impact on coastal communities. According to Desrochers et al. [6], seaweeds that invade the
Caribbean, the southeast coast of Florida, the Cayman Islands and the coastlines of West and South
African countries are dominated by pelagic sargassum species (depicted in Fig. 1) found within the
Sargasso Sea. Although sargassum seaweed consists of more than 300 species that are distributed
throughout the world, these invasive species predominantly consist of sargassum fluitans and sargassum
natans [8]; species that are known to reproduce by fragmentation and float freely on sea surfaces
throughout their life cycle [5].

Distinctively, sargassum fluitans has thorns, sargassum natans | do not possess thorns but rather
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have smooth stems, while sargassum natans VIII have consistent smooth stems, uncommon bladder
spines, and wider blades [8]. Sargassum natans VI are sometimes referred to as sargassum fluitans,
which possesses miniature blades. According to God mez-Ortega et al. [9], these seaweeds float as
individual thalli or in rafts due to their minute pneumatophores. Although these floating masses of
seaweed provide habitat for several organisms [9] within the Sargasso Sea, studies postulate that their
sudden outpouring has been attributed to several reasons, including changes in the upwelling patterns
off the Northeast coast of Africa [7, 9], extreme wind patterns in the central-eastern Atlantic [19], surges
in sea temperature, and increases in algae nutrient concentrations from discharging rivers [5, 11].
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Fig. 1. Morphological differences between the forms of pelagic sargassum [96].
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Unfortunately, this recurring beaching event of these seaweeds has had devastating impacts on the
coastal environment and livelihoods [9, 12]. Hamel et al. [4] argued that these seaweeds were
responsible for the sharp decline of flora and fauna populations and the subsequent destruction of marine
habitats. Seaweeds sometimes trap fish, leading to deoxygenation of the surroundings when they decay.
This situation often contributes to the release of hazardous components into the sea [12]. Resiere et al.
[13] further argued that decaying seaweed emits a rotten egg-like smell consisting of hydrogen sulfide
and ammonia gases, which pose severe health risks to visitors and coastal dwellers. As a result, several
recreational and tourist sites within coastal areas experience reduced patronage and compromised
aesthetic appeal due to the accompanying stench of decomposing seaweed [14]. These seaweeds also
entangle the fishing gears and motor propellers, breaking them down or restricting the smooth
movement of fishing vessels [9]. As holopelagic organisms, they affect ocean visibility and fish capture,
with rippling effects on fishermen’ productivity and cash flow [12]. Thompson et al. [3] reiterated that
the frequency of these situations has affected the entire value chain, which employs more than 70% of
the coastal population. It has also contributed to economic hardship and food insecurity in these coastal
communities, where alternative livelihood options are scarce.

Existing literature has revealed derivatives of sargassum biomass for various applications in the
food, health, textiles, pharmaceuticals, biofuels, agriculture, chemicals, cosmetics and medical fields [6,
20]. Unfortunately, the construction sector has not yet benefited from the resourceful nature of
sargassum seaweed due to limited information regarding their influence on the properties of building
materials. However, the scarce literature on the application of sargassum seaweed serves as a major
setback, limiting its application in construction. This paper reviews existing applications of these
macroalgae in the development of eco-friendly building materials. It also presents the composition and
derivatives from sargassum seaweed. This article aims to elucidate the potential of sargassum seaweed
as a sustainable resource for the production of building materials.

2 Structure of the Review

This review covered studies on sargassum composition, its derivatives, and recent applications of
these seaweeds. The review focused primarily on the utilization of these seaweeds as building materials
or in the development of building materials. Databases such as Google Scholar and ScienceDirect were
considered during the literature search for practical applications and research publications on the use of
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sargassum-based construction materials. Journal, books, chapters and conference articles were accepted
for review, while notes, letters and short communications were excluded. Research publications
available between January 2005 and January 2025 were considered in view of the period during which
sargassum influx along coastlines gained popularity. The search used phrases and keywords in
conjunction with Boolean operators such as ‘AND’ and ‘OR.’ The phrases and keywords used included
‘sargassum building materials,” ‘composition of sargassum’, ‘sargassum building applications’,
‘sargassum in concrete’, ‘sargassum composite’, ‘alginate from sargassum’, ‘sargassum alginate in
construction’, and ‘Sargassum ash’. In total, 172 records were identified from the databases. Of this
number, 54 duplicates were eliminated, leaving 118 records. These records had their titles, abstracts
and other details like year of publication (i.e., between 2005 and 2025) screened. Subsequently, records
(n = 69), which consisted of research articles, case studies, and reports, were successfully recovered
and examined. Further scrutiny was carried out, aided by the following questions.

i.  What are the primary components and derivatives of sargassum seaweed?
ii. How do these components and derivatives influence the properties of developed building
materials?
iii.  What are the current applications of sargassum seaweed in the development of building
materials for the built environment?

After thorough examination, 32 of the documents were successfully included in the review. The
flow chart illustrating the procedure is shown in Fig. 2. The procedures ensured a robust and sequential
review of the subject under study. During the review, common research findings and discrepancies were
established to provide an understanding of the application of sargassum in construction.

/- ™,
Records identified from databases (n=172)
*  ScienceDirect = (n = 43) Records removed due to duplication (n = 54)
* Google Scholar (n = 102)

s Others (n=27)

|

Identification of
Records

( 1 Records excluded:
| Records screened (n=118) “ e Not related to construction or building materials and does
/ not present composition of sargassum: (n = 49)
g 1
2
=
2 )
g A Report not retrieved (n = 35)
< Report sought for retrieval (n=69)
2 . J
]
s
3 l Report excluded:
. . *  Did not use "sargassum seaweeds derivatives” i.e.,
Reports assessed for eligibility (n = 64) untreated ?arga.ssum seaweeds, alginates, ash, extract,
extract residue, or powder: (n=24)
g s  Unsupported information: (n=3)
l » Developed materials not applied in construction: (n = 3)

Studies included in the review (n=32)

Included

Fig. 2. Flow diagram of the literature search
3 Composition and Properties of Pelagic Sargassum

3.1 Composition of Sargassum biomass

Pelagic sargassum is known to contain numerous phytochemicals and other compounds [7, 15].
Unfortunately, the various environmental conditions that surround these pelagic seaweeds have a
persistent impact on their morphology and the quality of their derivatives [10]. The composition and
properties of derivatives extracted from sargassum seaweed vary greatly depending on the environment,
the location of cultivation, age and harvest periods [17]. Fresh sargassum seaweeds have been known
to contain 80% water content when freshly evaluated [10, 27, 35]; although this phenomenon is not
surprising due to the environment. Desrochers et al. [6] reported that the dry weight of these macroalgae
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mainly contains carbohydrates, fiber, proteins (amino acids), lipids (fatty acids) and trace amounts of
vitamins, minerals, macro and microelements, and secondary metabolites (as seen in Table 1) [6]. The
cell wall structure of these seaweeds is dominated by carbohydrates and dietary fibers [22]. Some
species, such as sargassum naozhouense found in Zhanjiang, China, contained a carbohydrate content,
dominated by alginates and fucoidans [21]. On the other hand, the sargassum species found in Indonesia
revealed a carbohydrate content between 46.59% and 50.98% [25], while those collected along the west
African coast exhibited higher levels (> 50%) of carbohydrates [17]. When comparing the analysis of
the content (as presented in Table 1 below), the existing literature revealed the diversity of the
carbohydrate content between the sargassum species and even similar species obtained from different
locations because of the surrounding conditions.

Table 1. Composition and properties of common species of sargassum species

Sardassum s Location Protein Carbohydrates Fibre Lipids Ash References
gassuim sp- (%) (%) (%) (%) (%)
Sargassum subrepandum AI?;;S{H’ 4.98 59.68 9.18 091 16.23 [15]
Sargassum zhangii Zhéwi':l;g’ 13.79 70.25 1309 1.24 14.54 [26]
Sargassum naozhouense  Zhanjiang China  11.20 47.73 483 1.06 35.18 [23]
Sargassum linearifolium MEarsiSt?r’:lal 6.93 27.82 19.97 142 26.86 [27]
Port Dick§on, 8.65 36.55 275 342 2138 [28]
Sargassum polycystum Mal_ay5|a
Sebesi Isla_nd 4.45 4762 6.93 031 2774 [29]
coast, India
Sargassum aquifolium Q_u_ezqn, 16.89 32.29 10.03 386 30.19 [30]
Philippines
Sargassum vulgare Be_lt_ang_as, 7.69 34.18 2259 056 27.09 [30]
Philippines
Sargassum sp. Clentral Ja_va, 3.048 N/A N/A  0.62 711 [31]
ndonesia
Sargassum hystrix Lagos, Nigeria 6.55 58.72 17.00 190 1850 [32]
Sargassum wightii Kan;l/ﬁs?gnarl, 6.43 45.66 2493 309 19.87 [33]
Sargassum oligocystum M&r::;:a, 564 - 940 064 13.08 [34]
Sargassum natans VIII Shark Bay, 2.99 21.78 3741 358 34.26
Sargassum natans South Caicos, 3.81 18.97 37.00 451 3571
Turks and 3.25 31.15 456 [35]
Sargassum fluitans Caicos 27.40 33.63
Caribbean Sea
Sargassum ilicifolium 10.30 50.46 N/A 128 23.16
Sargassum angustifolium Qesh:rrlaI:Iand, 12.45 41.49 N/A 0.50 35.01 [37]
Sargassum muticum El Jadida, 8.1 29.03 N/A—0.90 N/A [38]
Morocco
Sargassum sp. Guadeloupe 5.40 23.8 N/A 081 N/A
Sargassum sp. Dommlc_an 5.27 248 N/A 050 N/A [39]
Republic
Sargassum sp. Puerto M_orelos, 12.00 8.30 32.38  22.00 19.30 [40]
M&ico
Gunung Kidul, 13.48 13.62 0.60 [41]
Sargassum sp. Indonesia 57.82 17.56

Sargassum seaweeds contain proteins that have also been observed to vary between species,

geographical location, and extraction methods [15, 26, 31]. Although it does not exceed 18% of the

seaweed’s dry weight (as can be seen in Table 1), the protein content found comprises leucine, lysine,

and valine [18]. Peng et al. [21] revealed that sargassum naozhouense, which was grown purely in China,
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had a protein content of 11.20%, while those grown in the wild had a protein content of 13.5%.
Furthermore, sargassum has relatively limited quantities of lipids, but has an abundance of
polyunsaturated fats [23], which also differ according to the source, species, and cultivation method.
The lipid content manifests itself as myristic, oleic, palmitic, and arachidonic acids [21].

Minerals such as calcium, potassium, chlorine, phosphorus, sodium, nitrogen, zinc, iron, and
magnesium [17, 38] have been found in substantial quantities in these seaweeds. In addition to these
macro-minerals, Davis et al. [43] detected heavy metals and trace elements, including iodine, copper,
arsenic, selenium, and molybdenum, in some species of sargassum. Studies conducted on sargassum
seaweed showed a calcium (Ca) content ranging between 2, 035 ppm and 136, 146 ppm, a nitrogen (N)
content identified as nitrate (NOs) ranging between < 1 ppm and 2, 377 ppm, and a phosphorus content
identified as (PO4) varying between 110 ppm and 1,460 ppm [15, 18, 30]. The potassium (K) found in
sargassum samples also ranges between < 1 ppm and 69, 359 ppm according to [18], while the sodium
(Na) content and the magnesium (Mg) content range between 109 ppm and 78, 094 ppm and 30 ppm
and 18, 241 ppm, respectively [7, 42]. Some studies found quantities of hazardous compounds such as
lead, mercury, and cadmium in sargassum seaweed found in Ghana [7, 17]. The authors attributed this
observation to illegal mining activities on most rivers that open into the sea. Although the presence of
minerals such as potassium, nitrogen, calcium, phosphorus, and magnesium in sargassum seaweed is
not substantial as that of cementitious materials, their availability and diversity are capable of impacting
the engineering properties of cement-based building materials.

3.2 Ash and Oxides Content

The ash content derived from sargassum seaweed reflects the inorganic residue that remains after
the combustion of organic biomass [44-46]. This allows organic ash to influence the behavior and
performance when used in composite materials. As presented in Table 1, the ash content derived from
these seaweeds varied between 5% and 40%, depending on the geographical location, species, and
combustion temperature. To obtain favorable ash with desirable characteristics for application in
cement composites, an optimal combustion temperature of 600<C for three (3) hours, producing light
ash, was postulated in studies [48, 49, 50]. Bilba et al. [48] argued that sargassum ash combusted
between 500C and 700<C exhibits limited pozzolanic characteristics despite the diverse oxide
composition, crystallinity, and structural surface of the particles. At an optimal combustion temperature,
sargassum ash has an average density of 2.55 g/cm3and a specific surface area of approximately 45.29
m=%y with enhanced adsorption properties [55], making it suitable for light applications in cement.
However, exceeding the 700<C combustion temperature produces dense ash that does not have
pozzolanic characteristics due to changes in mineral structure and excessive loss of volatile components
[49].

Similarly, to other ash derived from aquatic biomass, Murugappan and Muthadhi [50] revealed
that sargassum ash has a limited silica (Si) content but rather significant amounts of calcium oxide
(Ca0), sodium oxide (Na:0), and sulfur trioxide (SOs) [55] that can influence the behavior of cement-
based materials. Cruz and Garc B-Uitz [57] opined that calcium oxides in sargassum ash can aid in the
formation of calcium silicate hydrates (C-S-H) during cement hydration, thus contributing to improving
strength in cement composites. In addition to the fineness of the ash, the oxides of magnesium,
potassium and sodium found in the ash can potentially influence the setting time and affinity to water
molecules in cement products [31], leading to flexibility and better fluidity in mixes. The different
oxides identified among the sargassum species in this review provide ample evidence of their potential
impact on the properties of developed materials, especially cement composites. Unfortunately, this also
provides an avenue for a comprehensive compositional analysis when using them in materials for
everyday use, as they can also be potentially hazardous because of the presence of certain heavy metals.

3.3 Alginate

Alginates extracted from sargassum seaweed are used as biocompatible polymers in the
development of sustainable products for sectors such as food, pharmaceuticals, and agriculture [88].
Rhein-Knudsen and Meyer [17] explained that alginates are anionic hydrophilic heteropolysaccharides
in the intercellular space matrix and cell walls of brown seaweed. Although sargassum seaweed
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produces between 12% and 35% of its dry weight, this depends on several conditions [25, 89]. With the
right extraction methods, alginates can exist as a matrix of alginic acid bound (gels) containing sodium,
calcium, barium, magnesium and strontium ions [17]. Jayakody et al. [60] indicated that structurally
alginates consist of linear polymers made of two monomeric uronic acids, -D-mannuronic acid (M)
and a-L-guluronic acid (G). The mannuronic acids (M-blocks) form -1, 4 linkages, while guluronic
acids (G-blocks) give rise to a-1,4 linkages, which serve as carboxylic compounds in uronic acids with
negative charges [61, 62]. Baghel et al. [63] posited that the two uronic acids are irregularly arranged
in a block formation comprising blocks of MM, MG, and GG, depending on the source of algae, the
extraction technique, and the harvest time (see Fig. 3). In practical terms, when the G content is high,
the gel formed tends to be stronger (i.e., it has low M/G ratios) [58, 59].

GG blocks MM blocks MG or GM blocks
(poly-GG) (poly-MmM) (poly-MG)

)

00C 00C
a ™ B
QAAAN_|_, H 11 0”3
HO 1.0 -0 1
B 5 0
-00C 0\\
ManAp or M : *C, ring conformation OH

GulAp or G : 'C, ring conformation

Fig. 3 Chemical structure of alginates [66]

Alginate is also capable of reacting with divalent and trivalent cations such as magnesium (Mg?"),
calcium (Ca?"), iron (Fe?*), aluminum (APF*) and iron 11l (Fe**) [67], forming gels in a convoluted
manner. The gelation process, which involves cations, especially calcium ions, leads to the formation
of a strong egg-shaped structure consisting of Ca?* and carboxyl groups (COO-) of guluronic acids (G
blocks) [62] with a monomeric ratio (M/G) typically 0.8: 1.5 [66]. This ratio, which directly influences
the viscosity, ion reaction, solubility, and other functional properties of alginates independently of
temperature changes [17], is affected by extraction procedures, plant species, age of algae, exact plant,
geographical location, environmental conditions, and harvest season [62, 66, 86]. Alginates from
sargassum seaweed are extracted using conventional extraction methods, which use alkaline or acidic
treatment or green extraction methods such as microwave-assisted extraction (MAE), enzyme-assisted
extraction (EAE), reactive extrusion, supercritical fluid extraction (SPE), ultrasound-assisted extraction
(UAE), pressurized solvent extraction (PSE), and photobleaching processes [68, 86].

Alginate is commonly extracted from sargassum by soaking seaweed in an acidic solution before
precipitating it with calcium or sodium salts [67]. The extracted alginate powder, which is rich in
sulfated polysaccharides and constitutes approximately 17 - 28% of dry weight, is then dried, sprayed
or freeze-dried to produce alginate powder [62] or left in its gel form for commercialization purposes.
The hydrophilic nature makes it suitable for applications requiring moisture management and thermal
insulation. According to studies, alginate films crosslink with calcium cations, produce rigid gels,
improve cohesion bonds, and tensile strengths between molecules [17, 52, 69]. The films formed are
stronger but with low solubility in water, which can be described as shear-thinning behavior [66]. These
multifunctional characteristics have made these extracts remarkable components in various uses in the
food, textile, paper, biotechnology, health, pharmaceutical and materials engineering sectors [69].

Despite its unique properties, the use of alginate powders and gels in construction has not been
extensively documented. According to the existing literature, the characteristics of sargassum-derived
alginate can be significantly beneficial when incorporated into building materials that require specific
fluidity, such as self-healing concrete and grouts, which require viscosity-enhancing additives. However,
few studies [55, 66, 70] have explored their application as admixtures and bio binders with significant
improvements in mechanical strength and thermal insulation. Some composite materials developed with
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alginate extracts have shown sufficient mechanical properties and durability characteristics due to their
notable stability, biodegradability, and biocompatibility [50, 51, 65]. Furthermore, their ability to form
stable hydrogels has made them suitable for the manufacturing of biodegradable insulating materials
that can offer ecofriendly alternatives to traditional insulators [69]. Although existing studies provide
some data, further research is needed to develop standardized extraction and gel formation processes.

3.4 Cellulose

In addition to alginates, Siddhanta et al. [33] indicated that sargassum seaweed contains cellulose
in relatively low quantities. It is present in plant cell walls as fiber content, providing structure, but can
be extracted as fibers for the reinforcement of composite materials [79]. Cellulose is an organic,
homogeneous polymer that is structurally made up of B-(1, 4)-linked B-D-glucopyranose units [80]. Its
dominance in industrial applications has been due to its versatility, low density, mechanical strength,
hydrophilic and hygroscopic nature, biodegradability and recyclability [81]. Sargassum biomass has
been processed into lignocellulose material to develop multilayer particleboards [79]. Cellulose in some
species of sargassum has been used for construction applications by developing cellulose nanofibers
(CNFs) and nanocrystals (CNCs). For example, Elizalde-Mata et al. [83] found that cellulose
derivatives could improve the mechanical and durability properties of composite materials for building
purposes.

3.4 Fucoidans

Fucoidans are water-soluble sulfated polysaccharides present in intercellular tissue of the
mucilaginous matrix (cell walls) of certain species of sargassum [61, 63]. They are composed of a
structured a-fucopyranose backbone with sugar monomers of fucose, galactose, mannose, xylose,
glucose, uronic acids, sulfate substituents and occasionally acetyl groups [91]. Due to their adhesive
characteristics, these sulfated polysaccharides are utilized in cancer treatment, wound healing, and bone
and tissue engineering in living organisms [64]. Although not found in all species, sargassum fusiforme
and sargassum horneri are the main sources of fucoidans. These compounds have immunomodulatory,
antiviral, anti-inflammatory and antitumor properties, making them an essential component in the
pharmaceutical, food and other biomedical industries [37, 26]. Although there is limited data on its use
in construction applications, fucoidans can form hydrogels when combined with some polymeric
materials [63].

4 Applications of Sargassum Seaweed in Building Materials

As sargassum seaweed invades coastlines, its possible use to develop sustainable building
materials can provide environmental and economic advantages. This can also serve as an avenue to
advance sustainable construction while providing an alternative to the disposal of these wastes. After
carefully reviewing current studies, various applications of sargassum seaweed were highlighted.

4.1 Utilization in Cement Composites

Derivatives obtained after the valorization of sargassum biomass, such as sargassum ash, alginate
gel, and alginate powder, have been studied in some cement-based composites, where they act as
supplementary cementitious materials, admixtures, or mineral additives. Specifically, sargassum
extracts in the form of powder and gel have been known as viscosity-modifying admixtures (VMA) in
concrete composites [52].

Sargassum biomass ash, according to studies [57, 65], contains a limited amount of amorphous
silica, but Cruz and Garc B-Uitz [57] opined that it possesses other characteristics that can improve the
durability properties of cement composites. The physical characteristics and oxides present in the ash
can be used as fillers in cement composites [43]. These fillers, according to Rossignolo et al. [83],
significantly lead to the nucleation reaction and matrix packaging in cement composites. This influences
the absorption behavior, density, insulation and thermal regulation properties during the hydration and
strengthening of cement composites [84].

Asante et al. [70] also studied the effects of agricultural and aquaculture residues, including
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sargassum species, such as bio-admixtures and bio-ashes, in cement mortars. The extracts from these
agricultural biomasses were incorporated at 1% or 0.1% of the water weight, while the ashes generated
from the selected plants partially replaced 10% and 25% of the cement content. The authors found that
among the agricultural and aquaculture residues used, the sargassum species comparatively achieved
improved compressive strengths at both concentrations. Cement mortar incorporated with bio
admixtures and ashes generally showed a reduced strength compared to the reference mortar. They
reported that sargassum fluitans 111 produced the highest compressive strengths of 26.51 MPa and 32.53
MPa for curing ages of 7 days and 28 days, respectively, at 10% cement replacement. The authors also
reported that higher replacement levels (that is, 25%) significantly compromised both the mortar
strength and workability characteristics.

In another study, sargassum ash was used as a partial replacement material for limestone in fiber
cement [85]. The test samples were produced with a content of sargassum ash comprising 0%, 25%,
50%, 75% and 100%, partially replacing the limestone content of the fiber cement. The findings of the
study revealed that, as the percentage of sargassum ash increased, there was an increase in apparent
void volume, water absorption, and better environmental performance [85]. They reported that the total
replacement of limestone with sargassum ash led to a 74% gain in specific energy relative to the
reference specimen after accelerated aging.

Ldpez-Sosa et al. [54] developed a composite material by mixing cement and sargassum for
bioconstruction applications at concentrations of 5% and 7.5% by weight in a study by [54]. The
composite material developed achieved a solar spectrum absorbance between 54% and 70% and thermal
conductivity ranging between 0.65 and 1 W/mK. Furthermore, the cost-environmental analysis showed
that using the developed material in the construction of 5% of homes in Quintana Roo, which is in a
tropical savanna climate, could result in annual energy consumption reductions of approximately 67
GWh, which would translate into more than US$33,000 in energy savings.

Chabhi et al. [53] partially replaced the cement content with powdered sargassum seaweed to
investigate its role as a bio admixture in cement mortar. The authors varied the cement content between
0% and 20% by mass with sargassum muticum. They reported that the compressive strengths of the
modified cement mortar increased when the seaweed content reached 10% addition. A further increase
in the seaweed content (i.e., > 10%) resulted in a decrease in strength characteristics. In conclusion,
they reported that replacing the cement content with 10% sargassum-extracted alginate powder was
ideal to improve the strength characteristics of cement mortar.

Murugappan and Muthadhi [51] reported significant improvements in the properties of fresh
concrete after the addition of sargassum-extracted gel. They reported that the concrete sample with 5%
extract had its setting time increased by 3.33 times, while the thermal conductivity declined by
approximately 45% compared to a sample without extract. Murugappan and Muthadhi [51]
recommended the use of 5% seaweed gel as a natural polymer to improve the fresh state and durability
characteristics of concrete.

From the aforementioned studies, sargassum derivatives sustainably enhance cement-based
composites by improving mechanical properties (at replacement levels around 10%), improving fresh
concrete compatibility and superior durability. Even with a limited content of amorphous silica,
sargassum biomass ash has beneficial fillers that promote nucleation reactions and improve matrix
packing, affect absorption, density, insulation, and thermal regulation during cement hydration. The
review showed that while a low replacement level for the cement content tends to improve the
mechanical and durability characteristics, higher replacement levels impede these properties. This
explains the need to have careful dosage control to prevent compromising the structural integrity or
workability of cement composites.

4.2 Utilization in Earthen Composites

Sargassum seaweeds are generally incorporated into earthen or clay materials in their pulverized,
calcined, or extracted form from alginate [36, 57, 71]. These sargassum derivatives were often used
mainly as stabilizing agents, which improve earth properties by effectively binding the particles. Affan
et al. [36] used fibers from sargassum mitucum as a partial replacement material for flax fiber in earth-
based composites. The authors prepared both flax fiber and seaweed fibers at lengths of 70 =10 mm
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before molding. The results of the study revealed that the modified earth with sargassum muticum
achieved improved hygroscopic and thermal behavior (such as insulation and inertia) relative to earth
composites with only flax fiber. The authors also reported that the earthen samples with partially
replaced flax straw with algae lowered thermal conductivity by 38% compared to the reference earth
stabilized with 2.5% flax straw fiber [36]. A numerical simulation conducted by the authors showed a
decline in the energy demands of buildings produced with sargassum-based cob relative to the control
composite.

Headlining the sargassum’s usage as a building material is SargaBLOCK™ in Mexico, where
earthen blocks have been produced with a substantial amount of sargassum (approximately 40-60% of
raw sargassum) since 2019 [57]. These blocks are produced with a compression of 112 kg/cm=and are
subjected to open drying for 4 hours in the sun [57]. A study by the Ministry of Ecology and
Environment of Mexico revealed that the resistance of bricks ranges between 75 kg/cm=and 110 kg/cm=
and can last up to 120 years, regardless of the temperature or location where they are used [18]. In
another study, the compressive and tensile strengths of modified earth mortar increased by 77% and
70%, respectively, relative to the control mortar when sargassum mitucum was incorporated [71].
Unlike [36], the authors pulverized the seaweed into fine particle sizes before incorporating them in
varying percentages. The study revealed that the optimal quantity for satisfactory performance was
attained at 2% seaweed addition, with finely grained seaweed (i.e., < 0.63 mm) being the best [71].

On the other hand, Tiwa et al. [24] utilized sargassum ash calcined at 600<C and 700<C as a
stabilizer in earth bricks [24]. They revealed improved properties for the bricks stabilized with the ash
that was calcined at 700<C. The study also reported higher levels of calcium oxide and magnesium
oxide when seaweed was desalinated before being combusted into ash. A study by da Silva Parente et
al. [47] revealed superior mechanical properties when clay and sargassum seaweeds were sintered in an
electric oven at temperatures of 900<C and 1000<C. Commercially derived alginates from some
seaweeds were used in Dove [72] to produce unfired bricks [72] with data indicating that not all
alginates samples could improve the flexural and compressive strength of unfired soil bricks.

Fatehi et al. [73] investigated the influence of sodium alginate powder on dune sand in varying
percentages (0%, 1%, 2%, 3%, and 5%). They observed increases in the unconfined compressive
strength as the sodium alginate content increased compared to the reference dune. A detailed study by
microstructural analysis showed linkages between sand particles, revealing the effectiveness of sodium
alginate. They reported that the polymeric behavior of sodium alginate can sustainably enhance the
properties of poorly graded soil.

Sargassum seaweed derivatives, in multiple forms - fibres, powders, ash, and alginates, have been
shown to have a significant influence on the mechanical, durability and thermal properties of earth-
based composites and cementitious materials. A thorough review showed that processing parameters
such as particle size, calcination temperature and desalination of seaweed before processing affect the
performance outcome, highlighting the need for optimized materials procedures.

4.3 Replacement material for Fine Aggregates

Sargassum-derived ash and pulverized seaweed have been used as replacement materials for fine
aggregate in cement composites. For example, treated sargassum seaweed was used as a replacement
material for fine aggregate (sand) in [74]. The authors replaced the fine aggregates in percentages of
5%, 10%, 15% and 20% with the treated seaweeds to develop a sustainable coating material. The
samples with seaweed were reported to have hydrophilic characteristics, necessitating a high-water
content in their design to achieve the required fluidity, a situation that increased the water/cement ratio
and consequently reduced their strength [74]. The authors concluded that, although the compressive
strength decreased, incorporating sargassum seaweed as a substitute for the fine aggregate in small
quantities (i.e., ideally 5%) is beneficial since the strength and thermal properties were within acceptable
ranges.

Lyraet al. [55] reported a steady decline in compressive strength after the sargassum ash increased
from 0% to 20% when used as a replacement material for the fine aggregate in cement mortar. In their
findings, the incorporation of sargassum ash also led to an increase in the open pore volume and water
absorption but decreased the apparent mass density as replacement increased. The authors also reported
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that after curing for 63 days, the cement mortar with 10% and 5% ash inclusion was statistically
comparable to the control specimen. These sargassum-modified cement mortars, according to the
authors, were therefore ideal for non-structural works like plastering, sealing blocks, and rendering.

From the studies reviewed, sargassum materials tend to impart hydrophilic characteristics when
utilized as a replacement material for fine aggregates. In cement composites, this phenomenon increases
the water demand, raises the water/cement ratio and thus reduces the mechanical properties. Therefore,
the use of sargassum seaweed and ash is limited to lower dosages (< 5%) to maintain comparable
mechanical and durability properties. On the contrary, higher doses (> 10%) lead to enhanced water
absorption and open pore volume, which could affect durability and reduce material performance. From
the review, sargassum-modified composites are most likely preferred for non-structural applications
such as plastering, sealing blocks, rather than high-strength structural elements.

4.4 Modifier in Asphalt Binders

Salazar-Cruz et al. [1] investigated the use of sargassum seaweed as a modifier in asphalt binders,
where certain significant changes were identified in the physical and rheological behavior of modified
asphalt. The authors processed raw sargassum to obtain particle sizes of less than 850 pm before
introducing them into the asphalt binder in varying quantities. They reported that by adding 2.5%
processed sargassum seaweed, the elastic behavior and thermal resistance of the modified asphalt
improved. In another study, Escobar-Medina et al. [75] investigated the varying sizes of sargassum
particles in the properties of asphalt mixtures. They pulverized sargassum seaweed into 500 pm and
850 pm-sized particles before incorporating them into asphalt mixtures. Based on their findings, adding
3% of pulverized sargassum grains that are less than 500 pm into the asphaltic mixture increases the
complex modulus by 1.9 times, the viscosity of the binder by 2.5 times and a further 11<C rise in failure
temperature compared to the reference asphalt. Based on their recommendation, fine-grained sargassum
particles were suitable for enhancing viscoelastic behavior, fatigue performance, and rutting resistance
of asphalt mixtures.

The studies showed the promising prospect of utilizing sargassum, which can positively impact
asphalt performance. Although the recommended dosage for sargassum inclusion in asphalt binders that
ensures balanced modification benefits and materials integration ranges between 2.5% and 3.0%, the
particle sizes (especially finer particle sizes) also play a critical role in modifying asphalt performance.

4.5 Application in Microbial Repair

The biocompatibility of sargassum-extracted alginate makes it suitable for microbial repair in
cement composites. Alginate provides an environment in which encapsulated bacteria remain viable
and metabolically active without adverse effect [76]. Although limited studies have been conducted on
the applications of alginates in this area, Cruz et al. [56] used commercially produced alginates for
microbial repair of cracks. The authors opined that microorganisms like bacteria tend to fix themselves
atop cracks that have been imbued with alginate, thus expediting the mineralization process for the
repair of cracks. In a similar study, Rong et al. [76] investigated the influence of sodium alginate on
microbial repair of cracks in cement mortar. They reported that the optimal volume ratios of the
microbial repair material solution to the bacterial solution were 6:4, 7:3 and 8:2, while the basic
characteristics improved when a 1.5% mass concentration of sodium alginate solution was applied. The
authors further posited that the surface water absorption was 67% lower than it was before the repair.
Even though the utilization of sargassum-extracted alginate in microbial repair is currently limited in
literature, it shows significant potential as a biocompatible medium for self-healing, enhances durability
and facilitates mineralization in cement mortar. This can also provide a sustainable alternative for
developing bio repair agents for cement composites.

4.6 Developing Insulating Materials

Climate change and its associated impacts have ignited the need for eco-friendly insulation
materials, as they meet operational demands and have minimal environmental impacts. Seaweeds have
been used in vernacular architecture in areas like the Danish Islands, where the quality and quantity of
building materials are limited, as they provide better insulation, are non-hazardous, and are fire-resistant
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[77]. Sargassum Eco Lumber, a lumber production company, has developed a sustainable solution by
transforming sargassum biomass into lumber that provides insulation in a comfortable and energy-
efficient indoor environment [95]. The developed lumber blends sargassum biomass with discarded
plastics to create synthetic composite planks that are durable, resistant to decay, and ideal for several
construction needs [96]. The mechanical and hygrothermal characterization of insulated earth walls
containing seaweed showed increased compressive strength, insulating abilities, and capacity to store
heat [78]. Based on their findings, the integration of seaweeds up to 20% in the cob matrix improves
the properties of the earthen material.

Sargassum seaweed with limited treatment has been used to develop composite materials like
particle boards for construction applications. Bauta et al. [39] produced a high-density binder-free
particle board after subjecting the powdered sargassum biomass to uniaxial thermocompression in the
presence of cooling. The authors reported that after the incorporation of alginate, the ideal conditions
necessary to develop particle boards with improved density, high flexural strength, and flexion modulus
comprised a temperature of 200<C, a molding pressure of 40 MPa, and a compression time of 7.5 min
[39].

Duran et al. [79] in their study utilized sargassum biomass with limited treatment as a component
of lignocellulosic material to produce multilayer medium density particleboards. The particle board
consisted of sargassum particles sandwiched between sugarcane bagasse particles with castor-oil-based
polyurethane resin serving as a firm binder. Although [79] Duran et al. reported increased swelling and
dimensional instability due to the introduction of the sargassum within the internal layer, the specimen
met all the minimum requirements established by the regulations for furniture in dry conditions.
Sargassum biomass was also utilized to develop a multilayer composite particle board [24]. The
developed particle board consisted of pulverized sargassum seaweed as a filler, coconut leaf sheaths as
a reinforcement, and polylactic acid as a natural binder. According to their findings, the material
attained an acceptable mechanical performance, yet the biodegradability of seaweed and other organic
components had high moisture absorption, which necessitates appropriate treatment.

As a promising material for eco-friendly insulating materials, sargassum seaweed aligns with
sustainability goals by reducing plastic waste and promoting the use of renewable biomass, even though
its major setback related to moisture sensitivity has to be addressed to expand its application scope,
particularly for particleboards exposed to poor ventilation and humid environments.

* Reinforcement in soil
composites

*Roofing material

* Thermal insulating materials

*Sound proofing materials

*Stabilizer/Binder in soil
composites

* Eco-friendly lumber

- *Stabilizer in soil
* Adhesives
*Microbial repair/self-healing of

Untreated
sargassum

(Raw/
Pulverized)

' cracks,
Sargassum |*Viscosity-modifying ~ admixtures
i Extracts I\ (VMA)

(Gel/Powder)  /«Biopolymers and Geopolymer
/' products like anti bacteria and fire
retardant plaster, water-based
coating, aerogel, geotextile and
thickener in paints

*Stabilizer in soil-based
composities

¢ Additive/ Admixture in
cement/ lime composites

* Asphalt modifer

e Filler in cement composites

Sargassum
Ash/
Biochar

Fig. 4 Applications of Sargassum seaweed in Buildings
000012-11



Asiedu et al., SUEM, 2025, 1(2): 000012

4.7 Utilization in Polymeric and Other Construction Applications

Seaweed-extracted alginate has traditionally been a valuable building component in some
traditions [93]. For instance, in the Japanese shikkui, sargassum seaweed extracts are used as glue or
binder (due to the thickening behavior of the extract) for rendering purposes [94]. The plaster developed
was made by mixing lime and seaweed extracts, which were found to be antibacterial, fire-resistant,
and even non-toxic after investigation.

Furthermore, Berglund et al. [80] developed alginate—cellulose nanofiber aerogels for insulation
applications by detaching cellulose nanofibers to obtain flame-retardant and heat-insulating materials.
In other cases, some authors [93] investigated the influence of some alginic salts on the microstructural
characteristics of waterborne paints. They argued that although the alginate's ion type had minimal
effects on product stability, the dried coating showed varied tensile properties, which primarily
depended on the alginate concentration.

As coastal communities initiate efforts to ensure resilience to climate change and promote
sustainable development, sargassum can innovatively be repurposed as sustainable building material
[65], offering a potential solution to both the ecological issues it creates, and the rising costs associated
with traditional building materials. The various potential applications of sargassum seaweed explored
from existing studies and practical applications are depicted in Fig. 4.

5 Conclusions

There has been an incessant drive for alternative materials that meet the expected demands but also
minimize environmental challenges for construction applications. As presented in this review,
sargassum seaweed embodies unique characteristics that make it useful, yet in the current paradigm, it
has been seen as an environmental threat. The review discussed the composition and properties of these
invasive seaweeds and how they can modify the characteristics of composite materials. The authors
also highlighted various derivatives from valorized sargassum biomass, such as untreated sargassum
seaweed, ash from sargassum, alginate gel, and alginate powder extracted from sargassum. The review
provided documented information on existing research and practical applications. This consisted of a
careful identification of extracts and properties of sargassum seaweed obtained from various studies in
various fields. Despite the few studies related to its use in building materials and construction, this
review showed the application of sargassum seaweed extracts and ash in materials such as concrete,
cement mortar, asphalt, earth, particleboard, etc. From the review, the use of sargassum seaweed
derivatives (in any of the following forms: fibers, powders, ash, and alginates) as an admixture or as a
stabilizer, to their use in the development of heat-resistant materials and other biopolymers, remains
boundless, especially at optimized dosages.

Unfortunately, certain barriers hamper its use. Currently, there is limited information on the
composition, durability, and processing of sargassum derivatives, which serves as a considerable
impediment to the development of sargassum-based building materials. Addressing these challenges
would provide economic incentives for its use and support localized value chains when integrated into
circular economy models. The application can also reduce environmental threats, ensure alignment with
global sustainability goals, and promote the formulation of regulatory policies and market adoption of
these seaweeds.

In conclusion, sargassum offers a versatile and renewable resource that aligns well with green
building and circular economy objectives, if processing and dosage parameters are carefully controlled
to balance performance and sustainability. As a result, research and innovation must be enhanced to
unlock sargassum’s diverse potential for building applications. This would enable the development of
eco-friendly building materials and effectively integrate sustainability principles into construction
practices.

Funding Statement
The authors received no specific funding for this review.

CRediT authorship contribution statement
000012-12



Asiedu et al., SUEM, 2025, 1(2): 000012

Emmanuel Asiedu: Investigation, Conceptualization, Formal analysis, Writing — original draft.

Andrew Nii Nortey Dowuona: Articles exploration, Formal analysis and reviewing. Peter Paa Kofi
Yalley: Supervision, Writing — review & editing.

Conflicts of Interest

The authors declare that they have no conflict of interest in reporting regarding this review.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

Salazar-Cruz BA, Zapien-Castillo S, Hernandez-Zamora G, Rivera-Armenta JL. Investigation of the
performance of asphalt binder. Construction and Building Materials 2021; 217: 121876. https://doi.org/10.10
16/j.conbuildmat.2021.122424.

van der Plank S, Exchanging sargassum knowledge in the western region of Ghana. University of
Southampton, Geography and Environmental Science. https://www.southampton.ac.uk/geography/news/202
3/02/exchanging-sargassum-knowledge.page, 2023 (accessed 15 January 2025).

Thompson TM, Young BR, Baroutian S. Pelagic sargassum for energy and fertilizer production in the
Caribbean: a case study on Barbados. Renewable and Sustainable Energy Reviews 2020; 118:109564. https:
//doi.org/10.1016/j.rser.2019.109564.

Hamel K, Garcia-Quijano C, Jin D, Dalton T. Perceived sargassum event incidence, impacts and
management response in the Caribbean basin. Marine Policy 2024; 165:106214. https://doi.org/10.1016/j.ma
rpol. 2024.106214.

Sowah W, Jayson-Quashigah PN, Atiglo D, Appeaning-Addo K. Socio-economic impacts of sargassum
influx event on artisanal fishing in Ghana. Research Square 2022. https://doi.org/10.21203/rs.3.rs-1861970/
vl.

Desrochers A, Cox SA, Oxenford HA, van Tussenbroek B. Sargassum uses guide: a resource for Caribbean
researchers, entrepreneurs and policy makers. Bridgetown, Barbados: Centre for Resource Management and
Environmental 2020. ISBN 978-92-5-137320-0.

Addico GND, deGraft-Johnson KAA. Preliminary investigation into the chemical composition of the
invasive brown sargassum seaweeds along the west coast of Ghana. African Journal of Biotechnology 2016;
15(39): 2184 —2191. https://doi.org/10.5897/AJB2015.15177.

Schell J, Goodwin D, Siuda A. Recent sargassum inundation events in the Caribbean: shipboard observation
reveal dominance of a previously rare form. Oceanography 2015; 28: 8-10. https://doi.org/10.5670/oceanog.
2015.70.

Godinez-Ortega JL, Cutlan-Cortés JV, Lopez-Bautista JM, van Tussenbroek BI. A natural history of floating
sargassum species (Sargasso) from Mexico. In: Natural History and Ecology of Mexico and Central America.
IntechOpen 2021; 10.5772. https://doi.org/10.5772/intechopen.97230.

Amador-Castro F, Garcia-Cayuela T, Alper HS, Rodriguez-Martinez V, Carrillo-Nieves D. Valorization of
pelagic sargassum biomass into sustainable applications: current trends and challenges. Journal of
Environmental Management 2021; 283:112013. https://doi.org/10.1016/j.jenvman.2021.112013.

Lapointe BE, West LE, Sutton TT, Hu C. Ryther revisited: nutrient excretions by fishes enhance productivity
of pelagic sargassum in the western north Atlantic Ocean. Journal of Experimental Marine Biology and
Ecology 2014; 458: 46-56. https://doi.org/10.1016/j.jembe.2014.05.002

Ofori RO, Rouleau MD. Modeling the impacts of floating seaweeds on fisheries sustainability in Ghana.
Marine Policy 2021; 127:104427. https://doi.org/10.1016/j.marpol.2021.104427

Resiere D, Kallel H, Florentin J, Banydeen R, Compton K, Gueye P, Mehdaoui H, Neviere R. Sargassum
seaweed in the Caribbean: a major public health problem still unsolved. Journal of Global Health 2023;
13:03017. https://doi.org/10.7189/jogh.13.03017

Schmidt C. Escape from sargasso sea: tremendous sargassum blooms challenge Caribbean and Atlantic
communities. Environmental Health Perspectives 2023; 131(9): 092001. https://doi.org/10.1289/EHP13418
Abdelaal NSMM, El Seedy GMESM, Elhassancen YAAE. Chemical composition, nutritional value,
bioactive compounds content and biological activities of the brown alga (sargassum subrepandum) collected
from the Mediterranean Sea, Egypt. Alexandria Science Exchange Journal, 2021; 42(4): 893-906. https://doi.
org/10.21608/asejaiqjsae.2021.205527.

Rhein-Knudsen N, Ale MT, Ajalloueian F, Meyer AS. Characterization of alginates from Ghanaian brown
seaweeds: sargassum spp. and padina spp. Food Hydrocolloids 2017; 71: 236-244. https://doi.org/10. 1016/j.
foodhyd.2017.05.016

Rhein-Knudsen N, Meyer AS. Chemistry, gelation, and enzymatic modification of seaweed food
hydrocolloids. Trends in Food Science and Technology 2021; 109: 608—621. https://doi.org/10.1016/j. tifs.2
021.01.052

000012-13


https://doi.org/10.1016/j.conbuildmat.2021.122424
https://www.southampton.ac.uk/geography/news/2023/02/exchanging-sargassum-knowledge.page
https://doi.org/10.1016/j.rser.2019.109564
https://doi.org/10.1016/j.marpol.2024.106214
https://doi.org/10.21203/rs.3.rs-1861970/v1
https://doi.org/10.5670/oceanog.2015.70
https://doi.org/10.5772/intechopen.97230
https://doi.org/10.1016/j.jenvman.2021.112013
https://doi.org/10.1016/j.jembe.2014.05.002
https://doi.org/10.1016/j.marpol.2021.104427
https://doi.org/10.7189/jogh.13.03017
https://doi.org/10.1289/EHP13418
https://doi.org/10.21608/asejaiqjsae.2021.205527
https://doi.org/10.1016/j.foodhyd.2017.05.016
https://doi.org/10.1016/j.tifs.2021.01.052

(18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

(34]

[35]

[36]

[37]

(38]

Asiedu et al., SUEM, 2025, 1(2): 000012

Desrochers A, Cox SA, Oxenford HA, van Tussenbroek B, Pelagic sargassum — a guide to current and
potential uses in the Caribbean. Food and Agriculture Organization of the United Nations 2022. https://doi.or
g/10.4060/cc3147en.

Akrong MO, Anning AK, Addico GND, deGraft-Johnson KAA, Adu-Gyamfi A, Ale M, Meyer AS. Spatio-
temporal variations in seaweed diversity and abundance of selected coastal areas in Ghana. Regional Studies
in Marine Science 2021; 44: 101719. https://doi.org/10.1016/j.rsma.2021.101719.

Tiwa ST, Bilba K, Potiron CO, Arséne, MA. Effect of desalination of Sargassum algae on its potential use
as a stabilizer in sustainable earth-based bricks. Algal Research 2024; 82: 103625. https://doi.org/10.1016/ j.
algal. 2024.103625.

Peng Y, Hu J, Yang B, Lin XP, Zhou XF, Yang XW, Liu Y. Chemical composition of seaweeds. Seaweed
Sustainability 2015; 79 - 124. https://doi.org/10.1016/B978-0-12-418697-2.00005-2.

Wang D, Guan F, Feng C, Mathivanan K, Zhang R, Sand W. Review on microbially influenced concrete
corrosion. Microorganisms 2023; 11(8). https://doi.org/10.3390/microorganisms11082076.

Peng Y, Xie E, Zheng K, Fredimoses M, Yang X, Zhou X, Wang Y, Yang B, Lin X, Liu J. Nutritional and
chemical composition and antiviral activity of cultivated seaweed sargassum naozhouense. Marine Drugs
2012; 11(1): 20 — 32. https://doi.org/10.3390/md11010020.

Tiwa ST, Bilba K, Potiron CO, Arsene MA. Production and characterization of biodegradable multi-layer
composite materials from pelagic Sargassum spp., leaf sheaths and polylactic acid. 19th International
Conference on Non-Conventional Materials and Technologies 2023. https://hal.science/hal-04650718.
Sanger G, Wonggo D, Montolalu L, Dotulong V. Pigments constituents, phenolic content and antioxidant
activity of brown seaweed Sargassum spp. IOP Conference Series: Earth and Environmental Science 2022;
1033. https://doi.org/10.1088/1755-1315/1033/1/012057.

Lin P, Chen S, Zhong S. Nutritional and chemical composition of sargassum zhangii and the physical and
chemical characterization, binding bile acid, and cholesterol-lowering activity in HepG2 cells of its
fucoidans. Foods 2022; 11(12): 1771. https://doi.org/10.3390/foods11121771.

Mengisteab M, Tekle R, Gebreyohannes D, Gebrezigabheir Z, Tesfamariam EH, Tareke E. Proximate and
mineral content of seaweeds as an alternative to vegetable in Eritrea. Food and Humanity 2023 (1): 514-518.
https://doi.org/10.1016/j.foohum.2023.06.023.

Nazarudin MF, Alias NH, Balakrishnan S, Wan Hasnan WNI, Noor Mazli NAI, Ahmad MI, Md Yasin IS,
Isha A, Aliyu-Paiko M. Chemical, nutrient and physicochemical properties of brown seaweed, sargassum
polycystum C. Agardh (Phacophyceae) collected from Port Dickson, Peninsular Malaysia. Molecules 2021;
26(17): 5216. https://doi.org/10.3390/molecules26175216.

Sumandiarsa IK, Bengen DG, Santoso J, Januar HI. Nutritional composition and alginate characteristics of
sargassum polycystum (c. agardh, 1824) growth in Sebesi Island, Lampung, Indonesia. IOP Conf Ser Earth
Environ Sci. 2020; 584(1): 012016. https://doi.org/10.1088/1755-1315/584/1/012016.

Arguelles ED. Chemical composition and In vitro study of antioxidant and antibacterial activities of
sargassum oligocystum montagne (sargassaceae, ochrophyta). Asian J Agric & Biol. 2022 (4): 202105209.
https://doi.org/10.35495/ajab.2021.05.209.

Winarni S, Zainuri M, Endrawati H, Arifan F, Setyawan A, Wangi AP. Analysis proximate of Sargassum
seaweed sp. J Phys Conf Ser. 2021; 1943(1): 012173. https://doi.org/10.1088/1742-6596/1943/1/012173.
Solarin BB, Bolaji DA, Fakayode OS, Akinnigbagbe RO. Impacts of an invasive seaweed, sargassum hystrix
var. fluitans (bergesen 1914) on the fisheries and other economic implications for the Nigerian coastal waters.
IOSR J Agric Vet. Sci. 2014; 7(7): 1-6. https://doi.org/10.9790/2380-07710106.

Siddhanta AK, Kumar S, Mehta GK, Chhatbar MU, Oza MD, Sanandiya ND, Chejara DR, Godiya CB,
Kondaveeti S. Cellulose contents of some abundant Indian seaweed species. Nat Prod. Commun. 2013; 8(4):
30080. https://doi.org/10.1177/1934578X1300800423.

Muraguri EN, Wakibia J, Kinyuru J. Chemical composition and functional properties of selected seaweeds
from the Kenya Coast. J Field Robotics 2016; 5, 114. https://doi.org/10.5539/jfr.v5n6p114.

Milledge JJ, Maneein S, Arribas Lopez E, Bartlett D. Sargassum inundations in Turks and Caicos: methane
potential and proximate, ultimate, lipid, amino acid, metal and metalloid analyses. Energies 2020; 13(6): 6.
https://doi.org/10.3390/en13061523.

Affan H, Touati K, Benzaama MH, Chateigner D, El Mendili Y. Earth-based building incorporating
Sargassum muticum seaweed: mechanical and hygrothermal performances. Buildings 2023; 13(4): 932.
https://doi.org/10.3390/buildings13040932

Kordjazi M, Etemadian Y, Shabanpour B, Pourashouri P. Chemical composition, antioxidant, and
antimicrobial activities of fucoidan extracted from two species of brown seaweeds (sargassum ilicifolium
and sargassum angustifolium) around Qeshm Island. Iranian Journal of Fisheries Science 2019; 18(3): 457-
475. https://doi.org/10.22092/ijfs.2018.115491.

Aamiri A, Rezzoum NE, Touhamia Y, Zidane H, Benhassan L, Pascal PY, Bellahcen TO. Biochemical and
heavy metals composition of the invasive seaweed sargassum muticum (Yendo) according to season and

000012-14


https://doi.org/10.4060/cc3147en
https://doi.org/10.1016/j.rsma.2021.101719
https://doi.org/10.1016/j.algal.2024.103625
https://doi.org/10.1016/B978-0-12-418697-2.00005-2
https://doi.org/10.3390/microorganisms11082076
https://doi.org/10.3390/md11010020
https://hal.science/hal-04650718
https://doi.org/10.1088/1755-1315/1033/1/012057
https://doi.org/10.3390/foods11121771
https://doi.org/10.1016/j.foohum.2023.06.023
https://doi.org/10.3390/molecules26175216
https://doi.org/10.1088/1755-1315/584/1/012016
https://doi.org/10.35495/ajab.2021.05.209
https://doi.org/10.1088/1742-6596/1943/1/012173
https://doi.org/10.9790/2380-07710106
https://doi.org/10.1177/1934578X1300800423
https://doi.org/10.5539/jfr.v5n6p114
https://doi.org/10.3390/en13061523
https://doi.org/10.3390/buildings13040932

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

(49]

[50]

(51]

[52]

[53]

[54]

[55]

[56]

[57]

Asiedu et al., SUEM, 2025, 1(2): 000012

sites along the Moroccan Atlantic Coast. Research Square 2023; 1-20. https://doi.org/10.21203/rs.3.rs-
3026174/v1.

Bauta J, Calbrix E, Capblancq S, Cecutti C, Peydecastaing J, Delgado Raynaud C, Rouilly A, Simon V, Vaca-
Medina G, Vandenbossche V. Global chemical characterization of sargassum spp. seaweeds from different
locations on Caribbean Islands: a screening of organic compounds and heavy metal contents. Psychology
2024; 4(2): 190-212. https://doi.org/10.3390/phycology4020011.

Paredes-Camacho RM, Gonzalez-Morales S, Gonzalez-Fuentes JA, Rodriguez-Jasso RM, Benavides-
Mendoza A, Charles-Rodriguez AV, Robledo-Olivo A. Characterization of Sargassum spp. from the Mexican
Caribbean and its valorisation through fermentation process. Processes 2023; 11(3): 685. https://doi.org/10.3
390/pr11030685.

Diharmi A, Edison E, Prida EA, Subaryono S, Hidayat T. Chemical composition, bioactive compounds,
antioxidant activity, and inhibitor alpha-glucosidase enzyme of sargassum sp. Food Science and Technology
2023; 43. https://doi.org/10.5327/fst.4623.

Moubayed NMS, Al Houri HJ, Al Khulaifi MM, Al Farraj DA. Antimicrobial, antioxidant properties and
chemical composition of seaweeds collected from Saudi Arabia (Red Sea and Arabian Gulf). Saudi J Biol
Sci 2017; 24 (1): 162 — 9. https://doi.org/10.1016/.5jbs.2016.05.018.

Davis D, Simister R, Campbell S, Marston M, Bose S, McQueen-Mason SJ, Gomez LD, Gallimore WA,
Tonon T. Biomass composition of the golden tide pelagic seaweeds Sargassum fluitans and sargassum natans
(morphotypes I and VIII) to inform valorization pathways. Science of The Total Environment 2021; 762:
143134. https://doi.org/10.1016/j.scitotenv.2020.143134.

Charitha V, Athira VS, Jittin V, Bahurudeen A, Nanthagopalan P. Use of different agro-waste ashes in
concrete for effective upcycling of locally available resources. Construction and Building Materials 2021;
285:122851. https://doi.org/10.1016/j.conbuildmat.2021.122851.

Gonzalez-Kunz RN, Pineda P, Bras A, Morillas L. Plant biomass ashes in cement-based building materials;
feasibility of eco-efficient structural mortars and grouts. Sustainable Cities and Society 2017; 31: 151-72. ht
tp://dx.doi.org/10.1016/j.s¢s.2017.03.001.

Lehmusto J, Tesfaye F, Karlstrom O, Hupa L. Ashes from challenging fuels in the circular economy. Waste
Management 2024; 177: 211-31. https://doi.org/10.1016/j.wasman.2024.01.051.

da Silva Parente IM, Lyra GP, Bueno C, Tonin FG, Rossignolo JA. Holistic evaluation of ceramic clay
properties with sargassum spp. ash replacement. Construction and Building Materials 2024; 435: 136680.
https://doi.org/10.1016/j.conbuildmat.2024.136680.

Bilba K, Potiron CO, Arséne MA. Invasive biomass algae valorization: assessment of the viability of
sargassum seaweed as pozzolanic material. Journal of Environmental Management 2023; 342: 118056.
https://doi.org/10.1016/j.jenvman.2023.118056.

Paraguay-Delgado F, Carrefio-Gallardo C, Estrada-Guel I, Zabala-Arceo A, Martinez-Rodriguez HA, Lardiz
abal-Gutiérrez D. Pelagic Sargassum spp. capture CO2 and produce calcite. Environmental Science and

Pollution Research 2020; 27:25794-25800. https://doi.org/10.1007/s11356-020-08969-w.

Murugappan V, Muthadhi A. Studies on the influence of alginate as a natural polymer in mechanical and

long-lasting properties of concrete — a review. Mater Today Proc 2022; 65:839-45. https://doi.org/10.1016/

j-matpr.2022.03.424.

Murugappan V, Muthadhi A. Investigating the sway of marine brown seaweed gel as a natural polymer in

properties of concrete. Journal of Mines Metals and Fuels 2024; 72(9): 1013-1023. https://doi.org/10. 1016/j.

matpr.2022.03.424.

Bedada K, Nyabuto A, Kinoti I, Marangu J. Review on advances in bio-based admixtures for concrete.

Journal of Sustainable Construction Materials and Technologies 2023; 8 (4): 344—67. http://doi.org/10. 4748

1/jsemt.1328915.

Chahbi M, Mortadi A, El Moznine R, Monkade M, Zaim S, Nmila R, Rchid H. A new approach to investigate

the hydration process and the effect of algae powder on the strength properties of cement paste. Australian

Journal of Mechanical Engineering 2024; 22 (1): 123-32. https://doi.org/10.1080/14484846.2022.2066855.

Lopez-Sosa LB, Rodriguez-Torres GM, Rodriguez-Martinez RE, Herrera-Ramirez M, Corral-Huacuz JC,

Garcia CA, Morales-Maximo M. Multifunctional characterization of cement-sargassum composites for

application as bioconstruction materials. Journal of Building Physics 2024; 17442591241276396. https://doi.

org/10.1177/17442591241276396.

Lyra GP, Colombo AL, Duran AJFP, da Silva Parente IM, Bueno C, Rossignolo JA. The use of sargassum

spp. ashes as a raw material for mortar production: composite performance and environmental outlook.

Materials 2024; 17(8): 1785. https://doi.org/10.3390/mal17081785.

Cruz CMD, Maestrelli SC, Pugine SMP, Sorce AR, da Silva Rigo EC. Addition of sodium alginate capsules

containing lysinibacillus sphaericus for self-healing of cracks in mortars. Research, Society and

Development 2023; 12(3): e4612340331. https://doi.org/10.33448/rsd-v12i3.40331.

Cruz J, Garcia-Uitz K. Use of sargassum and other organic substitutes in the construction industry: a review.
000012-15


https://doi.org/10.21203/rs.3.rs-3026174/v1
https://doi.org/10.21203/rs.3.rs-3026174/v1
https://doi.org/10.5327/fst.4623
https://doi.org/10.1016/j.sjbs.2016.05.018
https://doi.org/10.1016/j.scitotenv.2020.143134
https://doi.org/10.1016/j.conbuildmat.2021.122851
http://dx.doi.org/10.1016/j.scs.2017.03.001
https://doi.org/10.1016/j.wasman.2024.01.051
https://doi.org/10.1016/j.conbuildmat.2024.136680
https://doi.org/10.1016/j.jenvman.2023.118056
https://doi.org/10.1007/s11356-020-08969-w
https://doi.org/10.1016/j.matpr.2022.03.424
https://doi.org/10.1016/j.matpr.2022.03.424
http://doi.org/10.47481/jscmt.1328915
https://www.tandfonline.com/doi/full/10.1080/14484846.2022.2066855
https://journals.sagepub.com/doi/10.1177/17442591241276396
https://doi.org/10.3390/ma17081785
https://doi.org/10.33448/rsd-v12i3.40331

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]
[73]

[74]

[75]

[76]

[77]

[78]

Asiedu et al., SUEM, 2025, 1(2): 000012

Métodos y Materiales 2024. 14(1): 1-12. https://doi.org/10.15517/mym.v14i1.56675.

Dulanlebit YH, Hernani H. Overview of extraction methods for extracting seaweed and its applications.
Jurnal Penelitian Pendidikan IPA 2023; 9(2): 817-24. https://doi.org/10.29303/jppipa.v9i2.3053.

Jayakody MM, Vanniarachchy MPG, Wijesekara I. Seaweed-derived alginate, agar, and carrageenan-based
edible coatings and films for the food industry: a review. Journal of Food Measurement and Characterization
2022; 16(2): 1195-227. https://doi.org/10.1007/s11694-021-01277-y.

Lee KY, Mooney DJ. Alginate: properties and biomedical applications. Progress in Polymer Science 2012;
37(1):106-26. https://doi.org/10.1016/j.progpolymsci.2011.06.003.

Abraham RE, Su P, Puri M, Raston CL, Zhang W. Optimisation of biorefinery production of alginate,
fucoidan and laminarin from brown seaweed durvillaea potatorum. Algal Research 2019; 38:101389. https://
doi.org/S2211926418307021.

Costa MJ, Marques AM, Pastrana LM, Teixeira JA, Sillankorva SM, Cerqueira MA. Physicochemical
properties of alginate-based films: effect of ionic crosslinking and mannuronic and guluronic acid ratio. Food
Hydrocolloids 2018; 81: 442—8. https://doi.org/10.1016/j.foodhyd.2018.03.014.

Baghel RS, Suthar P, Gajaria TK, Bhattacharya S, Anil A, Reddy CRK. Seaweed biorefinery: a sustainable
process for valorising the biomass of brown seaweed. Journal of Cleaner Production 2021; 263:121359. htt
ps://doi.org/10.1016/j.jclepro.2020.121359.

Mabate B, Daub CD, Pletschke BI, Edkins AL. Comparative analyses of fucoidans from South African
brown seaweeds that inhibit adhesion, migration, and long-term survival of colorectal cancer cells. Marine
Drugs 2023; 21(4): 203. https://doi.org/10.3390/md21040203.

Kulkarni P, Muthadhi A. Seaweed as an internal curing agent & strengthening in concrete: a review. SSRG
International Journal of Civil Engineering 2017; 4(6): 94-97. https://doi.org/10.14445/23488352/1JCE-
V416P115.

Abka-Khajouei R, Tounsi L, Shahabi N, Patel AK, Abdelkafi S, Michaud P. Structures, properties and
applications of alginates. Marine Drugs 2022; 20(6): 364. https://doi.org/10.1016/j.foodhyd.2019.105631.
Dalal SR, Hussein MH, El-Naggar NEA, Mostafa SI, Shaaban-Dessuuki SA. Characterization of alginate
extracted from sargassum latifolium and its use in chlorella vulgaris growth promotion and riboflavin drug
delivery. Scientific Reports 2021; 11(1): 16741. https://doi.org/10.1038/s41598-021-96202-0.

Khalil HPS, Lai TK, Tye YY, Rizal S, Chong EWN, Yap SW, Hamzah AA, Fazita MR, Paridah MT. A review
of extractions of seaweed hydrocolloids: properties and applications. Express Polymer Letters 2018; 12(4):
296 — 317. https://doi.org/10.3144/expresspolymlett.2018.27.

Beaumont M, Tran R, Vera G, Niedrist D, Rousset A, Pierre R, Shastri VP, Forget A. Hydrogel-forming algae
polysaccharides: from seaweed to biomedical applications. Biomacromolecules 2021; 22(3): 1027-52. https:
//dx.doi.org/10.1021/acs.biomac.0c01406.

Asante B, Soria-Castro M, Schmidt W. Influence of aquacultural and agricultural bio-admixtures and binder
components on yield stress and strength of cementitious systems. 11. Jahrestagung Des DAfStb Mit 63.
Forschungskolloquium Der BAM 2024; 44-52. https://opus4.kobv.de/opus4-bam/files/61295/1. 4 Block 1
04 Asante.pdf

Graich A, Haloui YE, Rchid H, Nmila R, Siniti M, Mrani I, Monkade M, Khaidar M, Zradba A. Use of
sargassum muticum algae as binder strengthening for raw earth mortar. European Journal of Environmental
and Civil Engineering 2023; 28, 95-107. https://doi.org/10.1080/19648189.2023.2205487.

Dove C. The development of unfired earth bricks using seaweed biopolymers. WIT Trans Built Environ
2014; 142: 219-30. https://doi.org/10.2495/ARC140201.

Fatehi H, Bahmani M, Noorzad A. Strengthening of dune sand with sodium alginate biopolymer. Geo-
Congress 2019; 157—66. https://doi.org/10.1061/9780784482117.015.

Zavala-Arceo A, Cruz-Argiiello JC, Figueroa-Torres M, Yeladaqui-Tello A. Determinacion de las
propiedades térmicas de un mortero modificado con sargazo como material alternativo en construccion. Rev
Ing Civ 2019; 3: 1 — 9. https://dx.doi.org/10.35429/jce.2019.10.3.1.9.

Escobar-Medina FJ, Rivera-Armenta JL, Hernandez-Zamora G, Salazar-Cruz BA, Zapién-Castillo S, Flores-
Hernandez CG. Sargassum-modified asphalt: effect of particle size on its physicochemical, rheological, and
morphological properties. Sustainability 2021; 13(21): 11734, https://doi.org/10.3390/sul32111734.

Rong H, Hu K, Ma G, Zheng X. Effect of sodium alginate on the properties of microbial repair materials and
its repair effect on mortar crack. Front Mater 2022; 9: 959935. https://doi.org/10.3389/fmats.2022.959935.
Widera B. Possible application of seaweed as building material in the modern seaweed house on Leesg”, 30th
International Plea Conference, 16—18. 2014. Available at: https://www.researchgate.net/profile/Barbara-
Widera/publication/276936165 Possible Application_of Seaweed as Building Material in _the Modern
_Seaweed House on_Laeso/links/555¢582408ae91e75e76d934/Possible-Application-of-Seaweed-as-
Building-Material-in-the-Modern-Seaweed-House-on-Laeso.pdf

Bouasria M, El Mendili Y, Benzaama MH, Pralong V, Bardeau JF, Hennequart F. Valorisation of stranded
laminaria digitata seaweed as an insulating earth material. Construction and Building Materials 2021; 308:

000012-16


https://doi.org/10.15517/mym.v14i1.56675
https://doi.org/10.29303/jppipa.v9i2.3053
https://doi.org/10.1007/s11694-021-01277-y
https://doi.org/10.1016/j.progpolymsci.2011.06.003
https://doi.org/S2211926418307021
https://doi.org/10.1016/j.foodhyd.2018.03.014
https://doi.org/10.1016/j.jclepro.2020.121359
https://doi.org/10.3390/md21040203
https://doi.org/10.1016/j.foodhyd.2019.105631
https://doi.org/10.1038/s41598-021-96202-0
https://doi.org/10.3144/expresspolymlett.2018.27
https://dx.doi.org/10.1021/acs.biomac.0c01406
https://opus4.kobv.de/opus4-bam/files/61295/1.4_Block_1_04_Asante.pdf
https://doi.org/10.1080/19648189.2023.2205487
https://doi.org/10.2495/ARC140201
https://doi.org/10.1061/9780784482117.015
https://dx.doi.org/10.35429/jce.2019.10.3.1.9
https://doi.org/10.3390/su132111734
https://doi.org/10.3389/fmats.2022.959935
https://www.researchgate.net/profile/Barbara-Widera/publication/276936165_Possible_Application_of_Seaweed_as_Building_Material_in_the_Modern_Seaweed_House_on_Laeso/links/555c582408ae91e75e76d934/Possible-Application-of-Seaweed-as-Building-Material-in-the-Modern-Seaweed-House-on-Laeso.pdf
https://www.researchgate.net/profile/Barbara-Widera/publication/276936165_Possible_Application_of_Seaweed_as_Building_Material_in_the_Modern_Seaweed_House_on_Laeso/links/555c582408ae91e75e76d934/Possible-Application-of-Seaweed-as-Building-Material-in-the-Modern-Seaweed-House-on-Laeso.pdf
https://www.researchgate.net/profile/Barbara-Widera/publication/276936165_Possible_Application_of_Seaweed_as_Building_Material_in_the_Modern_Seaweed_House_on_Laeso/links/555c582408ae91e75e76d934/Possible-Application-of-Seaweed-as-Building-Material-in-the-Modern-Seaweed-House-on-Laeso.pdf
https://www.researchgate.net/profile/Barbara-Widera/publication/276936165_Possible_Application_of_Seaweed_as_Building_Material_in_the_Modern_Seaweed_House_on_Laeso/links/555c582408ae91e75e76d934/Possible-Application-of-Seaweed-as-Building-Material-in-the-Modern-Seaweed-House-on-Laeso.pdf

[79]

(80]

[81]

(82]

(83]

[84]

[85]

(86]

[87]

(88]

(89]

[90]

[91]

[92]

(93]

[94]

[95]
[96]

Asiedu et al., SUEM, 2025, 1(2): 000012

125068. https://doi.org/10.1016/j.conbuildmat.2021.125068.

Duran AJFP, Lyra GP, Campos Filho LE, Bueno C, Rossignolo JA, Alves-Lima C, Fiorelli J. The use of
sargasso seaweed as lignocellulosic material for particleboards: technical viability and life cycle assessment.
Buildings 2024; 14(5): 1403. https://doi.org/10.3390/buildings14051403.

Berglund L, Nissild T, Sivaraman D, Komulainen S, Telkki VV, Oksman K. Seaweed-derived alginate—
cellulose nanofiber aerogel for insulation applications. ACS Applied Materials & Interfaces 2021; 13(29):
34899-909. https://pubs.acs.org/doi/10.1021/acsami.1c07954.

Edwards K, Barrett C, van de Ven T. Valorization of brown seaweed (Sargassum spp.) towards preparing
sustainable packaging and photo-reversible materials. Social Science Research Network 2023; No. 4531461.
https://doi.org/10.2139/ssrn.4531461.

Elizalde-Mata A, Trejo-Caballero ME, Yanez-Jiménez F, Bahena D, Esparza R, Lopez-Miranda JL, Estevez
M. Assessment of Caribbean sargassum species for nanocellulose foams production: an effective and
environmentally friendly material to water-emerging pollutants removal. Separation and Purification
Technology 2024; 341: 126627. https://doi.org/10.1016/j.seppur.2024.126627.

Rossignolo JA, Duran AJFP, Bueno C, Martinelli Filho JE, Junior HS, Tonin FG. Algae application in civil
construction: A review with focus on the potential uses of the pelagic sargassum spp. biomass. Journal of
Environmental Managment 2022; 303: 114258. https://doi.org/10.1016/j.jenvman.2021.114258.

Maljaee H, Madadi R, Paiva H, Tarelho L, Ferreira VM. Incorporation of biochar in cementitious materials:
a roadmap of biochar selection. Construction and Building Materials 2021; 283: 122757. https://doi.org/10.
1016/j.conbuildmat.2021.122757.

de Moraes MIJB, Lyra GP, Spdsito CCA, Gavioli LM, da Silva Parente IM, Bueno C, Junior HS, Rossignolo
JA. Seaweed waste in eco-friendly construction materials: valorization of sargassum ash as a mineral
addition in fiber cements. Cleaner and Circular Bioeconomy 2024; 9: 100117. https://doi.org/10.1016/j.clcb.
2024.100117.

Marcin N, Thesnor V, Duvauchelle V, Ponce-Mora A, Gimeno-Mallench L, Narayanin-Richenapin S, Brelle
L, Bejarano E, Yacou C, Sylvestre M, Onésippe-Potiron C, Meffre P, Benfodda Z, Cebrian-Torrejon G.
Characterization of alginates of sargassum from the Archipelago of Guadeloupe. Separations 2024; 11(8),
226. https://doi.org/10.3390/separations11080226.

Matos GS, Pereira SG, Genisheva ZA, Gomes AM, Teixeira JA, Rocha CM. Advances in extraction methods
to recover added-value compounds from seaweeds: sustainability and functionality. Foods 2021; 10 (3): 516.
https://doi.org/10.3390/foods10030516.

Nesic A, De Bonis MV, Dal Poggetto G, Ruocco G, Santagata G. Microwave-assisted extraction of raw
alginate as a sustainable and cost-effective method to treat beach-accumulated sargassum algae. Polymers
2023; 15(14): 2979. https://doi.org/10.3390/polym15142979.

Saji S, Hebden A, Goswami P, Du C. A brief review on the development of alginate extraction process and
its sustainability. Sustainability 14 (9): 5181. https://doi.org/10.3390/su14095181.

Otero P, Carpena M, Garcia-Oliveira P, Echave J, Soria-Lopez A, Garcia-Perez P, Fraga-Corral M, Cao H,
Nie S, Xiao J, Simal-Gandara J, Prieto MA. Seaweed polysaccharides: Emerging extraction technologies,
chemical modifications and bioactive properties. Crit Rev Food Sci Nutr 2023; 63(13): 1901-29. https://doi.
org/10.1080/10408398.2021.1969534.

Mensah EO, Kanwugu ON, Panda PK, Adadi P. Marine fucoidans: Structural, extraction, biological activities
and their applications in the food industry. Food Hydrocolloids 2023; 142: 108784. https://doi.org/10. 1016/
.foodhyd.2023.108784.

Hurtado A, Aljabali AAA, Mishra V, Tambuwala MM, Serrano-Aroca A. Alginate: enhancement strategies
for advanced applications. International Journal of Molecular Sciences 2022; 23(9): 4486. Available from:
https://doi.org/10.3390/ijms23094486.

Williams J. Five examples of building with seaweed: the earthbound report. https://earthbound.report/2023/
09/01/five-examples-of-building-with-seaweed/, 2023 (accessed date: 2025-02-04).

Gaggero G, Delucchi M, Di Tanna G, Lagazzo A, Vicini S, Botter R. Effect of different alginate salts on the
rheological and tensile properties of waterborne paints. Progress in Organic Coatings 2022; 163: 106676. ht
tps://doi.org/10.1016/j.porgcoat.2021.106676.

Sargassum EcoLumber. https://sargassumecolumber.com/, 2025 (accessed date: January 16, 2025).

Alleyne KS, Neat F, Oxenford HA. A baseline assessment of the epiphytic community associated with
pelagic sargassum in the tropical Atlantic. Aquatic Botany 2023; 186: 103635. https://doi.org/10.1016/j.aqua
bot.2023.103635.

000012-17


https://doi.org/10.1016/j.conbuildmat.2021.125068
https://doi.org/10.3390/buildings14051403
https://pubs.acs.org/doi/10.1021/acsami.1c07954
https://doi.org/10.2139/ssrn.4531461
https://doi.org/10.1016/j.seppur.2024.126627
https://doi.org/10.1016/j.jenvman.2021.114258
https://doi.org/10.1016/j.conbuildmat.2021.122757
https://doi.org/10.1016/j.clcb.2024.100117
https://doi.org/10.3390/separations11080226
https://doi.org/10.3390/foods10030516
https://doi.org/10.3390/polym15142979
https://doi.org/10.3390/su14095181
https://doi.org/10.1080/10408398.2021.1969534
https://doi.org/10.1016/j.foodhyd.2023.108784
https://doi.org/10.3390/ijms23094486
https://earthbound.report/2023/09/01/five-examples-of-building-with-seaweed
https://doi.org/10.1016/j.porgcoat.2021.106676
https://sargassumecolumber.com/
https://doi.org/10.1016/j.aquabot.2023.103635

