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ABSTRACT

Polysaccharides are polymers composed of monosaccharides linked by glycosidic bonds
and are widely found in microorganisms, animals, algae, and plants. Some species of mi-
croalgae have naturally high carbohydrate concentrations. Polysaccharides derived from
algae are safe, biocompatible, biodegradable and stable. These polymeric macromolecules
have different complex biochemical structures according to the type of algae and microal-
gae. Microalgal polysaccharides are mainly composed of pentose and hexose monosaccha-
ride subunits with various glycosidic linkages. Microalgae polysaccharides can be structur-
al components of the cell wall, energy reserves or protective polysaccharides. Today, the
industrial use of microalgae polysaccharides is increasing. These microorganisms and the
compounds extracted from them have wide rheological and biological properties that make
them a suitable option for use in food and agriculture industries. Therefore, microalgal pol-
ysaccharides are suitable alternatives for wide applications and the choice of microalgal
species depends on the required functional activity. This paper aims to provide an overview
to identify the potential of algal polysaccharides for agricultural applications.
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1. BACKGROUND

There are three important families of
biopolymers, which are: protein, nucleic
acid and polysaccharides (Torres et al.,
2019). Polysaccharides are the most
abundant carbohydrates in nature and
can be obtained from plants, animals
and microbes (Altaf et al., 2020). Poly-
saccharides are macromolecules with
monosaccharide units that are connected
to each other through glycosidic bonds
and have unique properties that distin-
guish them from other families of bi-
opolymers (Seidi et al., 2022; Hojjati et
al., 2022). These biological molecules
are abundant in nature and can be ex-
tracted from algal (alginate), plant (pec-
tin), microbial (dextran) and animal
(chitosan) sources (Barber et al., 2020)
Depending on the type of constituent
units, polysaccharides may be homo-
polymers or heteropolymers, contain
anionic or neutral sugars (pentose and
hexose), and may also contain non-
sugar compounds (Jindal and Kbhattar,
2018). According to different sources of
biomolecules, a significant difference
can be seen in their chemical nature and
characteristics. These molecules consist
of linear, branched, cationic, anionic
and neutral polysaccharides, they are
renewable, non-toxic, biodegradable
and relatively cheap (Dheer et al.,
2017). In recent years, polysaccharides
have attracted the attention of research-
ers due to the health benefits of their
respective bioactive compounds. They
have shown various biological effects,
including prebiotic, hepatoprotective,
antidiabetic, anticoagulant, antitumor,
antiviral, immunomodulatory and anti-
inflammatory, hematopoietic, antioxi-

dant, and blood lipid profile modifica-
tion (Tadayoni et al., 2015; Sorourian et
al., 2020). Among aquatic organisms,
seaweed has long been used as a renew-
able food source worldwide, specially
in Asian countries such as China, Japan,
and Korea. The low content of saturated
fats, high amounts of carbohydrates,
low calories, as well as biological prop-
erties such as antioxidant, antiviral, an-
tibacterial, and antifungal have made
seaweed a suitable option for the food
and pharmaceutical industry (Ghanavati
et al., 2022). Marine organisms are rich
sources of structurally diverse biologi-
cally active compounds such as: fatty
acids, polysaccharides, essential miner-
als and vitamins, enzymes, pigments
and peptides with promising cosmetic
potential. Their possible exploitation in
order to obtain valuable chemicals is an
important scientific challenge and ethi-
cal issue, specially in the current period
of strong economic, food and the envi-
ronmental crises around the world.
Macroalgae have a lot of biomass, most
of the algae biomass that is naturally
produced and harvested is decomposed
on the beach and many problems are
created through their waste (Massironi
et al., 2020). Nevertheless, algae can be
an ideal source of renewable biological
materials. Their current use is mainly
limited to food consumption, however,
they are considered as a renewable and
sustainable raw material of bioactive
molecules such as fatty acids, proteins
and specially polysaccharides. There-
fore, they have good potential for use.
The amount of bioactive molecules in
them can reach 70% of the total dry
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weight (Ruocco et al., 2017). Most of
the seaweed polysaccharides obtained
from green (ulvan), brown (fucoidan
and alginate) and red (carrageenan) al-
gae are the basic structural components
of the plant cell wall. These natural pol-
ymers are currently classified as dietary
fibers because they cannot be digested
by the human metabolism. However,
dietary fibers have many beneficial ef-
fects on human health, such as reducing
the risk of colon cancer, hypercholes-
terolemia, and diabetes (Massironi et
al., 2020).

2. OBJECTIVES

This paper aims to provide an over-
view to identify the potential of algal
polysaccharides for agricultural applica-
tions.

3.EVIDENCE ACQUISITION

This research was conducted based
on the published findings of valid scien-
tific research.

4. RESULTS AND DISCUSSION
4.1. Chitosan

Chitosan is a semi-synthetic polysac-
charide that is obtained through the
deacetylation of chitin, the main com-
ponent of the exoskeleton of crusta-
ceans such as crabs and shrimps. This
polysaccharide is a copolymer of D-
glucosamine linked through a pB-(1,4)
bond (deacetylated unit) and N-acetyl-
D-glucosamine (acetylated unit). Chi-
tosan has been widely exploited in the
field of biomedicine due to its antimi-
crobial activity against pathogenic bac-
teria (Dash et al., 2011). The antimicro-
bial activity of chitosan has made it an

excellent additive for product preserva-
tion and food packaging, and it is cur-
rently used as a coating layer or
nanostructure system (Shahidi et al.,
1999). Chitosan nanoparticles are usual-
ly prepared through electrostatic inter-
action between amine groups of chi-
tosan and negatively charged groups of
polyanions such as tripolyphosphate.

4.2. Alginate

Alginate is obtained from brown al-
gae such as: Laminaria spp, Ascophyl-
lum nodosum and Ecklonia maxima.
Chemically, alginate is an anionic co-
polymer of p-4,1-D-mannuronic acid
and o-L-glucuronic acid (Massironi et
al., 2020). Alginate has unique thicken-
ing and coating properties, so that it
forms a gel in contact with water, and is
therefore widely used for use in the
food and pharmaceutical industries
(Gheorghita Puscaselu et al., 2020). In
the food industry, alginate macroscopic
grains are produced without the need for
laboratory equipment by pouring the
alginate-water suspension into a solu-
tion of divalent cations (usually CaCly).
However, the gelation technique allows
the development of structures even at
the micro/nano scale by optimizing the
reaction conditions. Active agents can
be easily loaded into alginate nanoparti-
cles by adding them to the reaction mix-
ture (Massironi et al., 2020).

4.3. Sulfated polysaccharidesV

Among seaweed polysaccharides,
sulfated polysaccharides have emerged
as a promising biomaterial for the prep-
aration of edible and biocompatible mi-
cro/nanostructures (Wijesekara et al.,
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2011). The use of sulfated polysaccha-
rides as emulsifiers has not been inves-
tigated yet due to their high hydro-
philicity that disrupts their interaction
with hydrophobic molecules (Massironi
et al., 2020). However, the high content
of bound proteins in their chemical
structure and the presence of several
hydrophobic groups can cause the for-
mation of stable oil in aqueous emul-
sions. Carrageenan extracted from red
algae is used as an emulsion stabilizer
due to its gelling and thickening proper-
ties (Sudha et al., 2014). According to
the studies, fucoidans obtained from
brown seaweeds are compared to carra-
geenan, they show stronger emulsifying
properties (Massironi et al., 2020). In
addition, a new study has shown the
strong antioxidant activity of fucoidan
(Mak et al., 2013). These antioxidant
properties seem to be strongly related to
molecular weight, degree of sulfation
and position of sulfated groups (Sara-
vana et al., 2020). In addition, stronger
antioxidant activities have been ob-
served in cases with higher polyphenol
and protein content in crude extracts
(Hifney et al., 2016). Such features cre-
ate new opportunities to use it to pre-
serve bioactive molecules prone to deg-
radation caused by oxidizing agents.
Recently, ulvan, which is a sulfated het-
eropolysaccharide extracted from edible
green algae belonging to Ulva spp, has
shown biphilicity due to its polymer
structure containing hydrophilic (hy-
droxyl, sulfate, and carboxyl) and hy-
drophobic (methyl) groups. It has been
reported that it is used as an emulsifier
to develop emulsions for food and cos-
metic applications (Shao et al., 2016).

Investigations have shown that the ac-
tivity of ulvan surfactant as an emulsion
stabilizer is increased by the high pro-
tein part and it has been reported that
this surfactant is stably attached to the
polysaccharide structure even after the
extraction process (Chiellini et al.,
2011). In addition, ulvan polysaccharide
shows antioxidant activity similar to
fucoidan, which is proportional to the
sulfate content. Due to the worldwide
availability of this material, sulfated
polysaccharides obtained from algal
biomass is one of the most important
categories of renewable polymers with
promising potential in several research
fields (Massironi et al., 2020).

4.4. Microalgae polysaccharides
Through photosynthesis, microalgae
convert CO2 or other inorganic (bicar-
bonate) or organic (industrial and do-
mestic wastewater) carbon sources into
carbohydrates, lipids, and proteins,
among other bioactive metabolites (Yi
et al., 2021; De Morais et al., 2020).
Carbohydrates can make up 15 to 75%
of dry biomass (Patel et al., 2023).
Some species can produce large
amounts of polysaccharides, while oth-
ers must be exposed to cellular stress
conditions to synthesize these com-
pounds (Yi et al., 2021). However,
stimulation of carbohydrate synthesis
can reduce biomass production (Markou
et al., 2012). Polysaccharides are poly-
meric carbohydrate macromolecules
with complex structures that are differ-
ent (structurally and biochemically) in
each type of microorganism. Xylose,
galactose, glucose, rhamnose and man-
nose are the constituent monomers of
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polysaccharides synthesized by micro-
algae (Yi et al., 2021; Chanda et al.,
2019). In microalgae, polysaccharides
are mainly found as structural polymers
(which form part of the cell wall) or en-
ergy storage polymers for various meta-
bolic processes, in addition to exopoly-
saccharides (Yi et al., 2021; Markou et
al., 2012; Morais et al., 2022). The
main advantages of using polysaccha-
rides or any biomolecule as a source of
microalgae are: production takes place
throughout the year, biomass harvesting
does not depend on weather conditions
or season, growth is fast, and cultivation
is relatively simple compared to plants.
(De Carvalho Silvello et al., 2022; De
Jesus Raposo et al., 2013). Microalgae
can be cultivated with solar energy,
waste water and exhaust gas as a source
of nutrients and does not require arable
land. In addition, microalgae-based car-
bohydrates are easily converted to sug-
ars and require less treatment than other
sources (Chen et al., 2013). Microalgal
polysaccharides have advantages over
other polysaccharide sources (land
plants, crustaceans, and fungal cell
walls) such as safety, stability, biocom-
patibility, and biodegradability (Patel et
al., 2023; Kazachenko et al., 2021). The
functional activity of polysaccharides
depends on monosaccharides, their mo-
lecular weight and degree of sulfation.
Therefore, the choice of microalgae
species to be cultivated depends on the
final application of the biomolecule. In
addition, cultivation conditions can be
adapted according to production needs
(Chanda et al., 2019).

4.5. Applications of polysaccharides
obtained from microalgae

Microalgae are promising alterna-
tives to obtain polysaccharides while
helping to reduce environmental pollu-
tion produced by industrial wastes (Cos-
ta et al., 2021). Microalgae usually
grow faster than land plants and do not
need fertile land for cultivation. The
efficiency of microalgae for carbon fix-
ation is 10 to 50 times that of plants.
Microalgae help reduce greenhouse
gases by absorbing carbon dioxide from
industrial processes. They can grow in
fresh water, sea salt water and sewage
(Patel et al., 2023). Microalgae poly-
saccharides have rheological and bio-
logical properties for application in food
and sustainable agriculture fields. In the
study conducted on the functional prop-
erties of polysaccharides and ethanolic
extracts of Spirulina platensis, it was
observed that both extracts affected the
probiotic growth and had high concen-
tration phenolic compound. Also, both
extracts showed significant scavenging
ability against of DPPH and OH radi-
cals (Habibi et al., 2024).

4.6. Sustainable agriculture
Agricultural chemicals such as pesti-
cides and fertilizers contain toxic ele-
ments and pollute food, soil and water.
These pollutions can cause numerous
environmental consequences on global
biodiversity. Agricultural systems that
aim to replace synthetic materials such
as chemical fertilizers prevent environ-
mental damage and contribute to sus-
tainable agriculture. Due to the increas-
ing demand to reduce the use of chemi-
cal compounds in agriculture, polysac-
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charides and oligosaccharides are con-
sidered as suitable alternatives due to
their biological properties. In this re-
gard, compounds of biological origin
such as biofertilizers, biostimulants and
biopesticides are important (Costa et al.,
2019; Renuka et al., 2018). Microalgae
play various roles in agriculture. One of
the activities of microalgae in agricul-
ture is its ability to improve plant and
soil properties and reduce the environ-
mental effects produced by chemical
fertilizers (Alvarez et al., 2021; Stirk
and Van Staden, 2020). Polysaccharides
from microalgae are potential biostimu-
lants of plants to protect against biotic
and abiotic stresses (Rachidi et al.,
2020). Enrichment of soil and plants
through microalgae is related to the re-
lease of bioactive substances (vitamins,
amino acids, polypeptides, antibacterial
or antifungal substances, phytohor-
mones and polysaccharides) (Alvarez et
al., 2021; Stirk and Van Staden, 2020).
The release of polysaccharide materials
has been reported to be effective for in-
creasing the rate of germination and bi-
omass accumulation in vascular plants.
Exopolysaccharides of cyanobacteria
and microalgae can maintain soil mois-
ture through water retention. Studies
have shown the potential of these mole-
cules to stimulate different metabolic
pathways in plants, helping their growth
and development. In the study conduct-
ed on the crude extract of polysaccha-
rides from three leafy microalgae of So-
lanum lycopersicum, it was observed
that the use of 1 mg.ml* of polysaccha-
ride from Arthrospira platensis, Dunal-
iella salina and Porphorydium sp in
tomato plants significantly increased the

number of nodes, dry weight of aerial
organs and length of stems. 75, 46.6 and
25.26% improved compared to the con-
trol. In addition, treatment with crude
polysaccharides increased the concen-
tration of carote\noids, chlorophyll and
proteins (Rachidi et al., 2020). Another
study reported that exopolysaccharides
extracted from Phaeodactylum tricornu-
tum and Dunaliella salina stimulate
pepper germination under salt stress
conditions. In addition, the exopolysac-
charides obtained from Dunaliella sa-
lina showed the potential to stimulate
the germination, growth and tolerance
of tomato and wheat plants under salt
stress. Some polysaccharides may have
antifungal activity and act as a biopesti-
cide in plant products (Righini et al.,
2019). Microalgal polysaccharides, such
as alginate, lead to plant resistance by
increasing the activity of several de-
fense-related enzymes. Sodium alginate
can be used to improve seed germina-
tion, increase stem length, root growth
and resistance to plant pathogens. In
laboratory studies, polysaccharide ex-
tracts obtained from Anabaena sp and
Ecklonia sp. It inhibited the growth of
Botrytis cinerea colonies. Polysaccha-
rides from Anabaena sp., Ecklonia sp.,
and Jania sp., reduced the fungal infec-
tion level in strawberry fruits, indicating
that they can be good crop protection
compounds when used in preharvest
treatment (Rachidi et al., 2020). The
presented studies show the high poten-
tial of microalgae polysaccharides in
agriculture. Polysaccharides help plant
growth and protect plant products from
pollutants. Therefore, these compounds
have a high potential to be used as al-
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ternatives to chemical fertilizers and
pesticides for sustainable agriculture.

4.7. Challenges and opportunities
Microalgae polysaccharides are used
in several fields, including human and
animal nutrition and agriculture. These
macromolecules have been studied and
identified for several decades. However,
compared to other microorganisms such
as bacteria, algae, and macroalgae, its
commercial application is limited due to
less biomass production (Delattre et al.,
2016). Studies involving different strat-
egies have been conducted to increase
the production of polysaccharides by
microalgae (Sasaki et al., 2020; Medi-
na-Cabrera et al., 2020). However, the
production process has challenges that
prevent the stability of producing ex-
opolysaccharides for commercial appli-
cation. The main limitations of these
microorganisms are the high operational
costs of production related to the culture
medium, CO; addition, electrical energy
consumption and biomass recycling
steps (Delattre et al., 2016; Colusse et
al., 2022). New alternatives can reduce
nutrient costs of the culture medium,
such as using wastewater as a source of
nutrients in microalgae culture (Kumar
et al., 2020; Song et al., 2020). In this
sense, strategies aimed at increasing the
biomass yield of microalgae cultures
can balance the costs related to the re-
covery phase. In addition, it is interest-
ing to investigate microalgae strains that
provide higher yields of polysaccha-
rides. The nature of the macromolecules
produced must also be known. The use
of nanotechnology processes to develop
polysaccharide-based products can also

impact the food, health, and beauty
markets (Morais et al., 2022). Consider-
ing the above, more research on micro-
algae cultivation should be done to im-
prove the production of polysaccharides
and make this process more economi-
cally viable. Therefore, new approaches
are very important for the development
of this process, such as optimizing the
culture conditions/design of photobiore-
actors and replacing culture media with
domestic or industrial wastewater
(Colusse et al., 2022).

5. CONCLUSION

Microalgae are novel and alternative
sources to obtain stable and functional
polysaccharides. These microorganisms
have a photosynthetic nature and the
ability to use industrial waste as nutri-
ents. The properties responsible for the
physiological effects and/or biological
functions of microalgae polysaccharides
are due to the diversity of structures and
biochemical compositions of these mol-
ecules. The potential applications of
microalgae-based polysaccharides in
food, packaging and agriculture are sig-
nificant. So new production strategies
and conditions must be developed to
increase cell growth rates, biomass pro-
duction, and polysaccharide yields. Al-
so biotechnological steps for the pro-
duction of these compounds should be
optimized for large-scale production
and expand market competition. There-
fore, the use of microalgae as a source
of functional and stable polysaccharides
in the agricultural applications can im-
prove global food security and reduce
environmental problems caused by the
expansion of agricultural production.



Tadayoni, Marine Polysaccharides and their Potential... 60

REFRENCES

Altaf, A., Z. Usmani, A. H. Dar. and
K. K. Dash. 2022. A comprehensive
review of polysaccharide-based bi-
onanocomposites for food packaging
applications. Discover Food.
https://doi.org/10.1007/s44187-022-
00011-x.

Alvarez, A. L., S. L. Weyers, H. M.
Goemann, B. M. Peyton. and R. D.
Gardner. 2021. Microalgae, soil and
plants: A critical review of microalgae
as renewable resources for agriculture,
Algal Res. 54: 102200.

Barber, T. M., S. Kabisch, A. F. H.
Pfeiffer. and M. O. Weickert. 2020.
The health benefits of dietary fibre. Nu-
trients. 12: 3200.

Chanda, M., N. Merghoub. and H. El
Arroussi. 2019. Microalgae polysac-
charides: the new sustainable bioactive
products for the development of plant
bio-stimulants?. World J. Microbiol.
Biotech. 35(11): 177.

Chen, C. Y., X. Q. Zhao, H. W. Yen,
S. H. Ho, C. L. Cheng, D. J. Lee, F.
W. Bai. and J. S. Chang. 2013. Micro-
algae-based carbohydrates for biofuel
production, Biochem. Eng. J. 78: 1-10.
Chiellini, F. and A. Morelli. 2011. Ul-
van: A versatile platform of biomateri-
als from renewable resources. Bio-
materials Physics Chem. 75-98.
Colusse, G. A., J. Carneiro, M. E. R.
Duarte, J. C. de Carvalho. and M. D.
Noseda. 2022. Advances in microalgal
cell wall polysaccharides: A review fo-
cused on structure, production, and bio-
logical application, Critical Reviews in
Biotech. 42: 562-577.

Costa, J. A. V., B. C. B. Freitas, C. G.
Cruz, J. Silveira. and M. G. Morais.

2019. Potential of microalgae as bi-
opesticides to contribute to sustainable
agriculture and environmental devel-
opment. J. Environ. Sci. Health, Part B.
54: 366-375.

Costa, J. A. V., B. F. Lucas, A. G. P.
Alvarenga, J. B. Moreira. and M. G.
de Morais. 2021. Microalgae polysac-
charides: An overview of production,
characterization, and potential applica-
tions. Polysaccharides. 2: 759-772.
Dash, M., F. Chiellini, R. M. Otten-
brite. and E. Chiellini, Chitosan.
2011. A versatile semi-synthetic poly-
mer in biomedical applications. Pro-
gress in Polymer Sci. 36(8): 981-1014.
De Carvalho Silvello, M. A., I. S.
Gongalves, S. P. H. Azambuja, S. S.
Costa, P. G. P. Silva, L. O. Santos.
and R. Goldbeck. 2022. Microalgae-
based carbohydrates: A green innova-
tive source of bioenergy. Bioresource
Tech. 344:126304.

De Jesus Raposo, M. F., R. M. S. C.
De Morais. and A. M. M. B. de Mo-
rais. 2013. Bioactivity and applications
of sulphated polysaccharides from ma-
rine microalgae. Marine Drugs. 11:
233-252.

De Morais, M. G., E. G. de Morais, B.
B. Cardias, B. da Silva Vaz, J. B.
Moreira, B. G. Mitchell. and J. A. V.
Costa. 2020. Microalgae as a source of
sustainable biofuels. In: Recent Devel-
opments in Bioenergy Res. Elsevier.
253-271.

Delattre, C., G. Pierre, C. Laroche.
and P. Michaud. 2016. Production, ex-
traction and characterization of micro-
algal and cyanobacterial exopolysaccha-
rides. Biotech. Adv. 34: 1159-1179.


https://doi.org/10.1007/s44187-022-00011-x
https://doi.org/10.1007/s44187-022-00011-x

Journal of Crop Nutrition Science, 10(1): 53-63, Winter 2024 61

Dheer, D., D. Arora, S. Jaglan, R. K.
Rawal. and R. Shankar. 2017. Poly-
saccharides based nanomaterials for tar-
geted anti-cancer drug delivery. J. Drug
Targeting. 25: 1-16.

Ghanavati, P. A. Z., M. Khodadadi.
and M. Tadayoni. 2022. Structural
characterization and bioactive and func-
tional properties of the Brown macroal-
gae (Sargassum illicifolium) polysac-
charide. J. Food Measurement and
Characterization. 16(2): 1-11.

Ghelichi, F., M. Tadayoni. and L.
Roomiani. 2023. Investigation of func-
tional characteristics of water soluble
polysaccharides and ethanolic extract
from Plantago major. J. Food Res.
33(2): 57-73.

Gheorghita Puscaselu, R., A. Lobiuc,
M. Dimian. and M. Covasa. 2020. Al-
ginate: From food industry to biomedi-
cal applications and management of
metabolic disorders. Polymers. 12(10):
2417.

Habibi, R., M. Tadayoni. and H. Mo-
hammadpour. 2024. Evaluation of the
functional properties of ethanolic and
polysaccharide extracts of Spirulina
platensis. Bioactive Carbohydrates and
Dietary Fibre. 31: 100401.

Hifney, A. F.,, M. A. Fawzy, K. M.
Abdel-Gawad. and M. Gomaa. 2016.
Industrial optimization of fucoidan ex-
traction from Sargassum sp. and its po-
tential antioxidant and emulsifying ac-
tivities, Food Hydrocolloids. 54: 77-88.
Hojjati, M., M. Noshad, R. Sorouri-
an, H. Askari. and S. Feghhi. 2022.
Effect of gamma irradiation on struc-
ture, physicochemical and functional
properties of bitter vetch (Vicia ervilia)

seeds polysaccharides. Radiation Phys-
ics and Chem. 202: 110569.

Jindal, N. and J. S. Khattar. 2018.
Microbial polysaccharides in food in-
dustry. in: Biopolymers for Food De-
sign. Elsevier. 95-123.

Kazachenko, A. S., F. Akman, Y. N.
Malyar, N. Issaoui, N. Y. Vasilieva.
and A. A. Karacharov. 2021. Synthe-
sis optimization, DFT and physico-
chemical study of chitosan sulfates. J.
Molecular Structure. 1245: 131083.
DOI: 10.1016/j.molstruc.2021.131083
Kumar, M., Y. Sun, R. Rathour, A.
Pandey, I. S. Thakur. and D. C. W.
Tsang. 2020. Algae as potential feed-
stock for the production of biofuels and
value-added products: Opportunities
and challenges. Sci. Total Environment.
716: 137116.

Mak, W., N. Hamid, T. Liu, J. Lu.
and W. L. White. 2013. Fucoidan from
New Zealand Undaria pinnatifida:
Monthly variations and determination
of antioxidant activities, Carbohydrate
Polymers. 95: 606-614.

Maleki, N., L. Roomiani. and M.
Tadayoni. 2023. Microwave-assisted
extraction optimization, antimicrobial
and antioxidant properties of carragee-
nan from red algae (Gracilaria acer-
osa). J. Food Measurement and Charac-
terization. 17(2): 1156-1166.
https://doi.org/10.1007/s11694-022-
01682-x.

Markou, G., I. Angelidaki. and D.
Georgakakis. 2012. Microalgal carbo-
hydrates: an overview of the factors in-
fluencing carbohydrates production, and
of main bioconversion technologies for
production of biofuels. Appl. Microbiol.
Biotech. 96: 631-645.



https://doi.org/10.1007/s11694-022-01682-x
https://doi.org/10.1007/s11694-022-01682-x

Tadayoni, Marine Polysaccharides and their Potential... 62

Massironi, A., A. Morelli, D. Puppi.
and F. Chiellini. 2020. Renewable pol-
ysaccharides Micro/Nanostructures for
food and cosmetic applications. Food
and Cosmetic Applications. 25(21):
4886.

Medina-Cabrera, E. V., B. Rihmann,
J. Schmid. and V. Sieber. 2020. Opti-
mization of growth and EPS production
in two Porphyridum strains, BioRes.
Tech. Reports. 11: 100486.

Morais, M. G., T. D. Santos, L.
Moraes, B. S. Vaz, E. G. Morais. and
J. A. V Costa. 2022. Exopolysaccha-
rides from microalgae: Production in a
biorefinery framework and potential
applications. Bioresource Technology
Reports. 18(1): 101006.

Morelli, A., D. Puppi. and F. Chielli-
ni. 2017. Perspectives on biomedical
applications of ulvan. In book: Seaweed
PolysaccharidesEdition: 1stChapter:
16Publisher: Elsevier.

Patel, A. K., A. P. Vadrale, R. R.
Singhania, P. Michaud, A. Pandey, S.
J. Chen, C. W. Chen. and C. D. Dong.
2023. Algal polysaccharides: current
status and future prospects. Phytochem-
istry Reviews. 22: 1167-1196.

Rachidi, F., R. Benhima, L. Sbabou.
and H. El Arroussi. 2020. Microalgae
polysaccharides bio-stimulating effect
on tomato plants: Growth and metabolic
distribution.  Biotech. Reports. 25:
e00426.

Renuka, N., A. Guldhe, R. Prasanna,
P. Singh. and F. Bux. 2018. Microal-
gae as multi-functional options in mod-
ern agriculture: current trends, prospects
and challenges. Biotech. Adv. 36:
1255-1273.

Righini, H., E. Baraldi, Y. Garcia
Fernandez, A. Martel Quintana. and
R. Roberti. 2019. Different Antifungal
Activity of Anabaena sp., Ecklonia sp.,
and Jania sp. against Botrytis cinerea.
Marine Drugs. 17: 299.

Ruocco, N., S. Costantini, S. Guarini-
ello. and M. Costantini. 2016. Poly-
saccharides from the marine environ-
ment with pharmacological. Cosmeceu-
tical and nutraceutical potential, Mole-
cules. 21(5): 551.

Saravana, P. S., Y. J. Cho, Y. B.
Park, H. C. Woo. and B. S. Chun.
2020. Structural, antioxidant, and emul-
sifying activities of fucoidan from Sac-
charina japonica using pressurized lig-
uid extraction, Carbohydrate Polymers.
153: 518-525.

Sasaki, M., A. Takagi, S. Ota, S. Ka-
wano, D. Sasaki. and M. Asayama.
2020. Coproduction of lipids and extra-
cellular polysaccharides from the novel
green alga Parachlorella sp. BX1. 5 de-
pending on cultivation conditions. Bio-
tech. Reports. 25: e00392.

Seidi, F., M. K. Yazdi, M. Jouyandeh,
S. Habibzadeh, M. T. Munir, H. Va-
habi, B. Bagheri, N. Rabiee, P. Zar-
rintaj. and M. R. Saeb. 2022. Crystal-
line polysaccharides: A review, Carbo-
hydrate Polymers. 275: 118624.
Shahidi, F., J.K.V. Arachchi. and Y.
J. Jeon. 1999. Food applications of chi-
tin and chitosans. Trends in Food Sci.
Tech. 10(2): 37-51.

Shao, P., J. Shao, Y. Jiang. and P.
Sun. 2016. Influences of Ulva fasciata
polysaccharide on the rheology and sta-
bilization of cinnamaldehyde emul-
sions. Carbohydrate Polymers. 135: 27-
34.



Journal of Crop Nutrition Science, 10(1): 53-63, Winter 2024 63

Song, C., X. Han, Y. Qiu, Z. Liu, S.
Li. and Y. Kitamura. 2020. Microal-
gae carbon fixation integrated with or-
ganic matters recycling from soybean
wastewater: Effect of pH on the perfor-
mance of hybrid system. Chemosphere.
248: 126094,

Doi:
10.1016/j.chemosphere.2020.126094.
Sorourian, R., A. Khajehrahimi, M.
Tadayoni, M. H. Azizi. and M. Ho-
jjati. 2022. Structural characterization
and cytotoxic, ACE-inhibitory and anti-
oxidant activities of polysaccharide
from Bitter vetch (Vicia ervilia) seeds.
J. Food Measurement and Characteriza-
tion. 16(5): 1-17.
https://doi.org/10.1007/s11694-022-
01512-0.

Sorourian, R., A. Khajehrahimi, M.
Tadayoni, M. H. Azizi. and M. Ho-
jjati. 2020. Investigation of technologi-
cal capabilities and bioactive properties
of Typha stem polysaccharide. Innova-
tive Food Tech. 7(4): 567-580.
Sorourian, R., A. E. Khajehrahimi,
M. Tadayoni, M. H. Azizi. and M.
Hojjati. 2020. Ultrasound-assisted ex-
traction of polysaccharides from Typha
domingensis: Structural characterization
and functional properties. Intl. J. Biol.
Macromolecules. 160: 758—768.
https://doi.org/10.1016/j.ijbiomac.2020.
05.226.

Stirk, W. A. and J. Van Staden. 2020.
Potential of phytohormones as a strate-
gy to improve microalgae productivity
for biotechnological applications. Bio-
tech. Adv. 44: 107612.

Sudha, P. N., T. Gomathi, P. A.
Vinodhini. and K. Nasreen. 2014. Ma-
rine carbohydrates of wastewater treat-

ment. Adv. Food and Nutrition Res. 73:
103-143.

Tadayoni, M., F. Ghelichi. and L.
Roomiani. 2023. Investigation of func-
tional characteristics of water soluble
polysaccharides and ethanolic extract
from Plantago major. J. Food Res.
33(2): 57-73.

Tadayoni, M., M. Sheikh-Zeinoddin.
and S. Soleimanian-Zad. 2015. Isola-
tion of bioactive polysaccharide from
acorn and evaluation of its functional
properties. Intl. J. Biol. Macromole-
cules. 72: 179-184.
https://doi.org/10.1016/j.ijbiomac.2014.
08.015.

Torres, F. G., O. P. Troncoso, A. Pi-
sani, F. Gatto. and G. Bardi. 20109.
Natural polysaccharide nanomaterials:
an overview of their immunological
properties. Intl. J. Molecular Sci.
20(20): 5092.

Wijesekara, 1., R. Pangestuti. and S.
K. Kim. 2011. Biological activities and
potential health benefits of sulfated pol-
ysaccharides derived from marine algae.
Carbohydrate Polymers. 84: 14-21.

Yi, Z.,, Y. Su, S. Brynjolfsson, K.
Olafsdottir. and W. Fu. 2021. Bioac-
tive polysaccharides and their deriva-
tives from microalgae: biosynthesis,
applications, and challenges. Studies in
Natural Prod. Chem. 71: 67-85.


https://doi.org/10.1007/s11694-022-01512-0
https://doi.org/10.1007/s11694-022-01512-0
https://doi.org/10.1016/j.ijbiomac.2020.05.226
https://doi.org/10.1016/j.ijbiomac.2020.05.226

