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Abstract
Algae are a diverse group of photosynthetic organisms. Besides oxygen production, they 

contain various compounds that give them nutritional, industrial, and pharmaceutical applica-
tions. In spite of the long history of using algae for medicinal purposes, there is no compre-
hensive information on medicinal algae in the literature. The aim of this review was to provide 
a systematic list of algae with medicinal properties. We reviewed more than 480 references. 
The studied algae were listed in a Table according to the systematic classification. General 
information on the algae phyla was presented and the medicinal taxa of each phylum were 
discussed. Results showed that about 500 algal taxa have medicinal potential, most of them are 
macroscopic and belong to the class Rhodophyta, followed by Phaeophyta and Chlorophyta. 
Gracilaria from Rhodophyta, Sargassum from Phaeophyta and Caulerpa from Chlorophyta are 
the genera having more taxa with medicinal properties. Asparagopsis armata, Jania rubens, Por-
phyra haitanensis, Porphyra yezoensis (Rhodophyta); Ascophyllum nodosum, Ecklonia cava, 
Fucus vesiculosus, Laminaria japonica, Sargassum fusiforme (Syn: Hizikia fusiformis), Sar-
gassum horneri, Sargassum pallidum, Sargassum siliquastrum, Undaria pinnatifida (Phaeo-
phyta); Codium fragile and Ulva lactuca (Chlorophyta) are the most cited taxa with various therapeutic 
effects. Their therapeutic effects are related to their polysaccharides, amino acids, fatty acids, pigments 
and some other compounds. However, it seems more clinical trials have to be done to confirm their 
applicability in some special disease.
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Introduction
In recent years, biologically active com-

pounds from natural sources have gained 
significant popularity as an alternative to 
synthetic compounds due to their beneficial 
effects and reduced side effects. Therefore, 
numerous efforts are underway to produce 

Copyright: © 2025 by the authors. Submitted for possible open access publication under the terms 
and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/
licenses/by/4.0/).

biologically active substances from natural 
organisms for a variety of purposes. 

The algae are a large and diverse group of 
photosynthetic organisms. These aquatic 
organisms have a variety of sizes and life 
cycles and grow much faster than terrestri-
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al plants. They contain many biologically 
active molecules, including pigments, poly-
phenols, polyunsaturated fatty acids, poly-
saccharides, etc., which are linked to various 
antioxidant, anti-inflammatory, anticancer, 
or anti-obesity effects beneficial to human 
health (Chénais, 2021). 
Bioactive substances derived from algae
Algae produce different proportions of nat-
ural products and are a safe and renewable 
source for various bioactive compounds 
(Ismail et al., 2021). Algae are character-
ized by their pigments. Chlorophylls, ca-
rotenoids, and phycobiliproteins are major 
groups of algal pigments. Chlorophylls are 
green pigments and have a wide range of ap-
plications. Algal chlorophylls have various 
antimicrobial, anti-inflammatory, wound 
healing effects, and enhance blood cell for-
mation (Chen et al., 2017). Carotenoids are 
yellow, orange, or red pigments that can be 
divided into two classes: carotenes and xan-
thophylls (Lee et al., 2008). β-carotene is the 
most common carotene have been reported 
to have antioxidant and antidiabetic activ-
ities (Miranda et al., 1998; Ruperez et al., 
2009). Various xantophylls reported in dif-
ferent algal groups having various effects, 
for example fucoxanthin of brown algae 
and astaxanthin of some green algae possess 
antioxidant, anti-inflammatory, anti-can-
cer, anti-obesity and anti-diabetic effects 
(Guerin et al., 2003; Prabhu et al., 2009; 
Zhang et al., 2015). There are also some 
other xanthophylls including vaucheraxan-
thin, zeaxanthin, anteraxanthin, and violax-
anthin (Abd El-Hack et al., 2019). Phyco-
biliproteins, which are blue or red pigments 
produced only by cyanobacteria, red algae 

and cryptomonads. The major phycobilip-
roteins are Phycoerythrin, phycocyanin, and 
allophycocyanin (Lee, 2008). The research 
indicated that phycobiliprotenis posses an-
tioxidant, anti-inflammatory, antiviral, neu-
roprotective, anti-cancer activities (Bhat and 
Madyastha, 2000; Holdt and Kraan, 2011; 
Manirafasha et al., 2016). Furthermore, al-
gal pigments are employed across various 
commercial applications.
Carbohydrates serve as the primary prod-
ucts of photosynthesis further can be stored 
as various polysaccharides consistent with 
algal taxa. These include sulfated polysac-
charides such as galactans from red algae, 
ulvans from green algae, and fucans and 
alginate from brown algae, which have 
diverse biological applications (Ju et al., 
2019). Laminaran, also known as laminarin 
is one of the major non-SPs found in brown 
algae. In total, among algal bioactive com-
pounds, carbohydrates hold a distinctive po-
sition due to their extensive effects, which 
include antioxidant, antiviral, antitumor, an-
ti-ulcerogenic, anticoagulant, prebiotic, an-
ti-inflammation, and antibacterial activities 
(Ohta et al., 2009; Talero et al., 2015; Ju et 
al., 2019).
Microalgae have been considered as one of 
the most trustworthy sources of protein, with 
some species containing higher proportions 
of protein even than animal or plant sources 
(Ismail et al., 2021). One of the protein com-
ponents of algae is mycosporine like amino 
acids, which show UV-absorbing effects and 
can be used in sunscreens and skin and hair 
care products (Hagino and Saito, 2010). Var-
ious properties have also been reported for 
algal proteins such as antibacterial, antiox-



88

Plant, Algae, and Environment, Vol. 9, Issue 4, Dec. 2025

idant, immunostimulating, anti-inflammato-
ry antiviral, antidiabetic and analgesic activ-
ities (Dey et al., 2000; Ismail et al., 2021).
Microalgae are known for their large diver-
sity of lipids and fatty acid composition (Is-
mail et al., 2021). Polyunsaturated fatty ac-
ids from algae especially omega-3 fatty acids 
have been reported to reduce the risk of car-
diovascular disease and act as excellent an-
tioxidans and anti-inflammatory improving 
heart function and acting against cancer and 
improving brain in children (Yurko-Mauro 
et al., 2010; Bharat et al., 2013; Chan et al., 
2014; De los Reyes et al., 2014. Further-
more, PUFAs have antibiotic, antifungal and 
antimicrobial activities (Moreda-Piñeiro et 
al., 2012; Ramya and Muralitharan, 2019).
Minerals and vitamins are other components 
fonud in algae with different effects. The 
concentration of trace elements in marine 
algae sometimes is higher than terrestrial 
plants. (Ismail et al., 2021).
In addition to the primary metabolites, more 
than 8000 phenolic compounds are current-
ly known from algae (Li et al., 2011). They 
vary from simple molecules such as phenolic 
acids to more complex pholrotannins. Alka-
loids and flavonoids are other polyphenolic 
compounds with various properties (Gupta 
et al., 2011; Demay et al., 2019; Wekre et 
al., 2019).
Medicinal algae’s systematic survey
Given the diversity of algae and their possi-
ble medical benefits, it seems necessary to 
provide a systematic review of the current 
state of the published articles. The present 
study is undertaken to provide a comprehen-
sive list of medicinal algae. We conducted 
comprehensive online search of literature 

using PubMed, SpringerLink, ScienceDi-
rect and Google Scholar databases. We used 
the phylla names as keywords in addition to 
“medicinal use” to identify the medicinal 
taxa related to algal phylla. Certain articles 
we obtained examined the taxa that were ef-
fective against a specific disease; for these 
review articles, we meticulously reviewed 
original articles carefully and included them 
in the reference list. On the other hand, other 
studies focused on the medicinal properties 
and active compounds of a specific taxon, 
these articles were directly referenced, and 
we also verified the citations included with-
in them. Some taxa have been investigated 
merely from the view of chemical composi-
tion without any usage report, and were not 
included in this review. We reviewed more 
than 480 articles and extracted 496 Taxa 
with medicinal properties which groupd ac-
cording to their phylum and were collected 
in Table 1. We cross-checked the taxa names 
with algaebase.org; in most cases, we kept 
the names given in the original articles due 
to their widespread recognition. However, in 
certain cases, we adopted the newly accept-
ed taxonomical names.
In the literature we examined, the Rhodo-
phycean algae were the most frequently ref-
erenced regarding biologically active com-
pounds and medicinal properties, followed 
by Phaeophyta and Chlorophyta (Figure 1).
Rhodophyta
Rhodophyta is a group of red-colored algae 
that have sulfated polysaccharides in the cell 
wall, unstacked thylakoids, phycobilin pig-
ments, floridean starch, and chloroplasts de-
void of endoplasmic reticulum, but lack fla-
gella. Phycoerythrin is caused the red color 
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of these algae. They also have phycocyanin, 
allophycocyanin, chlorophyll a, beta-caro-
tene, and xanthophylls. They are capable to 
absorb blue and green wavelengths due to 
the Phycobilin proteins that they contained, 
which they are found in deeper waters where 
these algae inhabit. The majority of the red 
algae are commonly called  red seaweeds 
and hence, marine so, only 3% of all the 
Rhodophyte species are freshwater and the 
diversity of species in these algae increases 
from the poles to the equator. Additionally, 
the red algae species mostly inhibit in fresh-
water are found in rivers and streams, while 
a few are found in ponds, lakes, hot springs, 
caves, and wet soils (Wehr and Sheat, 2003; 
Lee, 2008). The red algae reserve food as 
the floridean starch, stored in the cytoplasm. 
The most famous products obtained from 
red algae are agar and carrageenan. Agar is 
used in microbiological and molecular bio-
logical studies. Some Rhodophytes are also 
eaten throughout Southeast Asia. They have 
diverse medicinal effects including antimi-
crobial, antiviral, antioxidant, anti-inflam-

matory, analgesic and antipyretic, antico-
agulant and antithrombotic, antidiabetic, 
anti-obesity, antihypertensive, anticancer 
and antiproliferative activities, acetylcholin-
esterase inhibitory in alzheimer disease and 
skin care (Table 1).
The genus that is the most diverse from a 
medicinal perspective t is Gracilaria, which 
comprises 19 species. It is followed by 
Gelidium, Laurencia and Porphyra.  The 
most frequently cited taxa include Aspar-
agopsis armata, Jania rubens, Porphyra 
haitanensis, Porphyra yezoensis. Gracilar-
ia which has a total of 200 accepted species 
(Guiry and Guiry, 2022), is a genus of red al-
gae with considerable economic importance 
as an agarophyte (Oliveira et al., 2000). This 
red alga is distributed globally, however, 
it prefers warm waters and isn’t found in 
the Arctic. Gelidium is also an agarophyte 
known for producing high-quality agar, 
while Porphyra is recognized for its nutri-
tional value. One of the main compounds 
extracted from most of the rhodophytes with 
medicinal properties, is mycosporine-like 
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amino acids (MAAs) giving them UV-pro-
tective effects which makes them useful in 
skin care products (Table 1). Carrageenans, 
agars and porphyrans extracted from red 
algae are types of sulfated polysaccharides 
which are responsible for their antioxidant 
and immunostimulatory effects (Manlusoc 
et al., 2019). Phycobiliprotein pigments of 
red algae along with above mentioned prod-
ucts have anticancer and antitumor effects 
(Zhou et al., 2005, 2006; Gantar et al., 2012; 
Jiang et al., 2017; Luo et al., 2015). Due to 
their sulphate content, carrageenans have an-
ticoagulant activity (Necas and Bartosikova, 
2013; Güven et al., 2019). Depolymerized 
agar also increases anticoagulant ability (Is-
mail et al., 2020). According to the data pre-
sented in Table 1, proteins, including MAAs 
rank first among the reported active com-
pounds from rhodophyte taxa, while carbo-
hydrate; specially sulfated polysaccharides, 
follow the next position (Figure 2). For this 
phylum, other compounds include terpenes, 
vitamins, and trace elements (Figure 2).

Phaeophyta
Brown algae are categorized as a class 
within the phylum Heterokontophyta (e.g. 
Lee, 2008), or ranked as a separate phylum 
(Phaeophyta, e.g. Papenfuss, 1951). Howev-
er, it has considered recently as a class with-
in the phylum Ochrophyta (Guiry and Gui-
ry, 2022). The class Phaeophyceae consists 
of macroscopic algae that are exclusively 
marine, ranging from fillamentous forms to 
giant kelps (Barsanti and Gualtieri, 2006). 
Their brown color arises from the domi-
nance of the carotenoid pigment, fucoxan-
thin, along with phaeophycean tannins in 
certain cases, in addition to the chlorophylls 
a, c1 , and c2 (Lee, 2008).
Phaeophyta are extremely valuable and 
known for commercial products, alginic 
acid and its derivatives, which, due to their 
viscous properties, are considerably used in 
industry. Fucoidans are other polysaccha-
rides present in phaeophyta with various 
biological activities such as antiviral, anti-
coagulant, antitumoral, and antioxidant ac-
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tivities (Cosenza et al., 2017; Senthilkumar 
et al., 2017; Wang et al., 2019; Ponce and 
Stortz, 2020). Unlike rhodophyta, polysac-
charides are the primary active compounds 
reported from phaeophytes, whereas pro-
teins have been reported infrequently (Fig-
ure 2). Furthermore, more than 1140 sec-
ondary metabolites have been extracted 
from Phaeophyta, most of which include 
diterpenes, phlorotanins, and small C11 ac-
etogenins having various ecological roles 
(Amsler, 2008). Phlorotannins are abun-
dant in brown algae in comparison to other 
seaweeds. Strong effects of phlorotannins 
have been reported against oxidative stress, 
cancer, inflammation, allergy, diabetes, and 
other disorders (Kim and Himaya, 2011). As 
with rhodophyta, terpenoides, vitamins, and 
trace elements were considered under the 
general group of others (Figure 2).
Approximately, 2040 species across 265 
genera have been reported, from which 95% 
are marine. Notably, taxa belong to the or-
ders Laminariales, Fucales, and Dictyotales 
have been noticed for their chemical com-
position (Mekinić et al., 2019). These orders 
are also among the most species-rich too. 
Most taxa, including those from the genera 
Laminaria, Macrocystis, Sargassum and Fu-
cus, hold significant commercial value (Gui-
ry and Guiry, 2022). Among the medicinal 
phaeophyceans, Sargassum stands out as 
the genus with the highest species diversity. 
Sargassum, which belongs to the order Fu-
cales, has a worldwide distribution, contain-
ing 359 different species (Guiry and Guiry, 
2022). In the literature we reviewed, 37 taxa 
of this genus have been identified as possess-
ing medicinal properties, which range from 

anti-inflammatory and antioxidant effects to 
antitumor, anti- HIV, and Alzheimer disease 
activity. Among the phaeophyceans known 
for their medicinal benefits are Ascophyllum 
nodosum, Ecklonia cava, Fucus vesiculosus, 
Laminaria japonica, Sargassum fusiforme 
(Syn: Hizikia fusiformis), Sargassum horn-
eri, Sargassum pallidum, Sargassum siliq-
uastrum, Undaria pinnatifida (Table 2).
Chlorophyta
Chlorophyta are commonly known as green 
algae and are the most diverse group of algae, 
with about 8,000 species (Guiry and Guiry, 
2022). There are many different species with 
the diverse morphology of the thallus, some 
are unicellular and some are multicellular. 
However, some are colonial, some are 
free-living, and others are coenocytic. 
Chlorophyta possess chlorophylls a and b, 
although the major pigment is chlorophyll 
b. Although cholorophyta live in both 
freshwater and marine habitats, but 90% of 
those are freshwater species. Those that live 
in marine habitats largely inhabit tropical 
environments. There are a small number of 
terrestrial species; these largely dwell on 
rocks or trees (Wehr and Sheat, 2003; Lee, 
2008). 
Caulerpa is one of the marine 
chlorophyceans with nutritional values 
and also with medicinal usages including 
antibacterial, antitumoral, antiviral, 
hypoxia-inducing factor, antinociceptive 
and anti-inflammatory mostly related to its 
alkaloids especially caulerpin (Mehra et al., 
2019). However, there are some well-known 
chlorophyceans with extensive industrial 
and commercial uses including Chlorella 
vulgaris, Dunaliella sp. and Scenedesmus 
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sp. Among the medicinal chlorophyceans 
Codium fragile is the most cited taxon with 
various medicinal properties. Ulva lactuca 
is another most cited taxon with various 
medicinal properties, additionally is an 
edible green alga. The active components of 
medicinal green algae are diverse including 
sulfated polysaccharides, mycosporine-like 
amino acids, fatty acids, various pigments 
and glycoproteins which, give them various 
antioxidant, anti-inflammatory, antibiotic, 
antibacterial, skin care, anti-tumor, and many 
other activities (Table 3). Mycosporine-like 
amino acids and sulfated polysaccharaids 
are the two main compounds reported in the 
literature as bioactive compounds (Figure 
2). There are also alkaloids in some green 
algae considered as others in the Figure 2.
Cyanobacteria
Cyanobacteria are called blue-green al-
gae, a group of bacteria that harness energy 
through the process of photosynthesis, ab-
sorbing the sun’s energy and converting it 
into usable energy. They also produce a va-
riety of toxins which are primarily neurotox-
ins, cytotoxins, endotoxins, or hepatotoxins. 
Cyanobacteria have also been identified as a 
potential source of renewable energy due to 
their ability to produce sugars and ethanol 
as well as agents with potentially antibiotic 
properties (Whitton, 2002). 
As other groups above mentioned, certain 
cyanobacteria have been studied for their 
efficiency in skin care products, attributed 
to the UV absorbing and protective effects 
derived form their MAAs. Nostoc is a prev-
alent genus characterized by its filamentous 
thallus, which frequently forms colonies. 

Due to the heterocyst cells, Nostoc has ca-
pability of fixing the atmospheric nitrogen. 
Spirulina, which features screw-like coiled 
trichomes, is recognized as for its nutrition-
al value. Additionally, among the cyanobac-
teriae Lyngbya majuscules exhibits various 
effects (Table 4).
Bacillariophyta
The Bacillariophyta are called the diatoms. 
As mentioned for brown algae, in some clas-
sifications, the diatoms are considered as a 
class in phylum Heterokontophyta (e.g. Lee, 
2008). Diatoms, as unicellular organisms, 
mostly share the feature of having a cell 
wall composed of silicon dioxide.  The cell 
wall of diatoms is insoluble in water, which 
is why the majourity inhabit the bottoms of 
lakes and ponds. Generally, diatoms possess 
two general shapes; the centric diatoms, or 
round, and the pennate diatoms, which are 
bilaterally symmetrical (Lee, 2008). There 
are about 15,000 distinct species of diatoms 
(Guiry and Guiry, 2022). Despite their vast 
diversity, the application of diatoms for me-
dicinal purposes is limited in comparison to 
other groups, possibly due to their rigid cell 
wall. In the literature we reviewed, Phaeo-
dactylum tricornutum emerged as the most 
frequently cited bacillariophycean, noted 
for its antibacterial, anti-inflammatory, and 
immunomodulatory properties. Some dia-
toms also exhibit UV protective effects due 
to their mycosporine-like amino acid com-
pounds. Additionally, certain species serve 
as sources of significant fatty acids that may 
have potential medicinal effects in the con-
text of heart disease (Table 4).
Other categories of algae
A small number of the medicinal algae we 
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reviewed, belong to the other groups of al-
gae including dinoflagellates and Hapto-
phyta. Xanthophyceae, Eustigmatophyceae, 
Dictyochophyceae and Chrysophyceae also 
include representatives. The active compo-
nents of these categories were primarily fat-
ty acids and MAAs (Table 4). 

Conclusion
Algae possess a wide range of appli-

cations in pharmacology, health related 
products, cosmetic and food production. 
The large number of the taxa we reviewed 
belonged to the Rhodophyta (red algae), 
Phaeophyta (brown algae) and Chlorophyta 
(green algae) which are mostly macroalgae. 
Based on the literature we reviewed, carbo-
hyderates are identified as the main active 
compounds in brown algae, while in red 
and green algae both proteins and carbohy-
drates play a significant role. Furthermore, 
in brown and red algae the fatty acids have 
less portion than the green algae and among 
these three phyla, phlorotanins were only 
reported in brown algae. The medicinal ap-
plication of algae encompasses a range from 
antibacterial and antiprotozoal activities, as 
well as treatments for cancer, diabetes and 
other chronic conditions including heart dis-
ease and Alzheimer. Many of these organ-
isms possess potential of using in skin care 
products due to their UV protecting ability. 
However, the application of algae extracts for 
certain specific disease is currently undergo-
ing phase of laberatoray investigations, and 
additional clinical trials are rquired to con-
firm their effectiveness in human disease. 
On the other hand, it is essential to identify 
and establish optimal growth conditions for 

each taxon which may present cost-related-
challenges. Moreover, harvesting from nat-
ural habitats may lead to environmental cri-
sis. Additionally, various factors influence 
the chemical content of algae including spe-
cies, season, age, geographical location and 
environmental conditions. In this review, we 
have documented 496 taxa with medicinal 
applications sourced from literature, howev-
er this represents only a small part of the ex-
tensive diversity of algae. Further research 
is required to extract additional compounds 
from various taxa and assess their biological 
activities both in vitro and in vivo.
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