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the treatment of a wide range of illnesses for thousands of 
years, having an important role in meeting the basic needs 
of human populations. Since last seven to eight decades’ 
infectious agents have imperilled the success and achieve-
ment of modern era medicine (Levy and Marshall 2004). 
Antibiotics have revolutionized the system of medicine and 
was found to be quite effective in prevention and treatment 
of various kinds of infectious agents (Abdelmohsen et al. 
2017). However, the pessimistic impact of antibiotics appli-
cation against the pathogenic microbes was their ability to 
develop antimicrobial resistance against it (Abdelmohsen 
et al. 2017). This in itself would be unproblematic, had it 
not been for the rapid ability of bacteria to become resistant 
towards previously debilitating agents. The need for new 
antibiotics is therefore eminent. Also, such kind of devel-
opment of antimicrobial resistance has imposed a burden 
on the health and economics of many developing and under 
developing countries of the world (Sommer 2014; Fitchett 

Introduction

The scientific community is in the search of compounds that 
can be most effective to fight against novel diseases, one 
such example of disease is COVID-19 (Tomas et al. 2022). 
Natural products have been used as therapeutic agents for 
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Abstract
In the last few decades, attention on new natural antimicrobial compounds has arisen due to a change in consumer pref-
erences and the increase in the number of resistant microorganisms. Algae are defined as photosynthetic organisms that 
demonstrate a wide range of adaptability to adverse environmental conditions like temperature extremes, photo-oxidation, 
high or low salinity, and osmotic stress. Algae are primarily known to produce large amounts of secondary metabolite 
against various kinds of pathogenic microbes. Among these algae, micro and microalgae of river, lake, and algae of oce-
anic origin have been reported to have antimicrobial activity against the bacteria and fungi of pathogenic nature. Various 
polar and non- polar extracts of micro- and macro algae have been used for the suppression of these pathogenic fungi. 
Apart from these, certain algal derivatives have also been isolated from these having antibacterial and antifungal potential. 
Among the bioactive molecules of algae, polysaccharides, sulphated polysaccharides, phyco-cyanobilins polyphenols, 
lectins, proteins lutein, vitamin E, B12 and K1, peptides, polyunsaturated fatty acids and pigments can be highlighted. In 
the present review, we will discuss the biological activity of these derived compounds as antifungal/ antibacterial agents 
and their most promising applications. A brief outline is also given for the prospects of these isolated phytochemicals and 
using algae as therapeutic in the dietary form. We have also tried to answer whether alga-derived metabolites can serve 
as potential therapeutics for the treatment of SARS-CoV-2 like viral infections too.
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2015; Tillotson 2015; Tolpeznikaite et al. 2021). To combat 
the development of drug resistance amongst the microbes 
some combination-based therapy (viz. antimicrobial-anti-
microbial; antimicrobial-adjuvant and drug cocktail) was 
used over the monotherapy (WHO, 2016). It aided in the 
prevention and treatment of drug resistant microbes of any 
infectious disease (Worthington and Melander 2013; Cui et 
al. 2015; Wells et al. 2015). However, such kind of treat-
ment therapy did not anticipate overcoming the impact of 
drug resistance. Since prehistoric times natural product 
has shown their efficiency against the various kinds of dis-
eases. Natural products have been important contributors 
for antimicrobial drug discovery and development (Pradhan 
et al. 2022). Plants and plant-products have been used as 
the source of therapeutics since ancient times due to their 
ethno-pharmacological characteristics that provided a basic 
platform for the drug discovery (McRae et al. 2007). The 
usage of herbal drugs and their market has increased expo-
nentially in the last few decades. According to WHO about 
80% of 122 derived plant medicine are used for the ethno-
pharmacological purpose (Fabricant and Farnsworth 2001). 
These natural products are quite prevalent in all the sections 
of society encompassing richer and underprivileged people. 
Its dissemination in the society is mainly due to its low cost, 
easy availability in the region, no requirement of medical 
practitioner, least side effect and many other factors which 
lure people towards it. As per the present estimates about 
less than 10% of the total world’s biodiversity is used thera-
peutically and still many more diverse natural products are 
awaiting their discovery (McRae et al. 2007; Teasdale et 
al. 2012). Significant amount of work is done over natural 
antimicrobials isolated from plant source. However, due to 
restriction imposed over some plants species as listed in red 
data book and illegal trading of these natural resources has 
led to fear of depletion. Furthermore, keeping in view, the 
risk of environmental impact it is becoming more important 
to avoid felling of these natural resources for drug devel-
opment. Replantation of these natural resources may take 
many years to grow entirely and considering the present 
scenario of an exponential increase in infections and devel-
opment of drug resistance have angled scientist to explore 
other options. Researchers are investigating economically 
viable natural resources that are not included in the endan-
gered list and can easily regrow in a short duration for con-
tinual drug development without affecting the environment.

In pursuit of an alternative to these endangered natu-
ral resources, many scientists have diverted their attention 
towards the utilization of the marine environment having 
the probability of great commercial exploitation globally 
(Song et al. 2021). The marine environment has an abun-
dant resource of natural products with diverse action in 
regards to antibacterial, antifungal, antiviral, anti-parasitic, 

anti-tumour, anti-inflammatory, antioxidant, and immuno-
modulatory activities. The algae found in the marine envi-
ronment have an abundant source of natural products which 
could be exploited for therapeutics and other applications. 
These algae are found in both forms i.e., prokaryotic, and 
eukaryotic with a wide variety of habitation ranging from 
shallow to coastal, and backwater (Bhalodia and Shukla 
2011; Song et al. 2021). Many scientific reports have shown 
that compounds isolated from these marine organisms have 
both in vitro and in vivo activities against the gram-posi-
tive and gram-negative microbes (Pina-Pérez et al. 2017; 
Ancheeva et al. 2018). Till 2009, a total of 2840 marine spe-
cies were studied resulting in the isolation of about 20057 
metabolites which were published in 7795 scientific articles. 
Out of 250000 marine species reported to date only 1% of 
them have been studied and investigated (Blunt et al. 2012) 
which suggests that the remaining unexplored living organ-
isms comprise biological and chemical treasure. A scheme 
is proposed for the utilization of bioactive compounds for 
therapeutic applications (Fig.1). The outline consists of 
stages proposed for the search, study, systematic exami-
nation, and application of potential bioactive molecules 
isolated from different algal sources. Early studies were 
concerned mainly with in vitro studies of the action of the 
compounds and later the focus shifted to emphasise in vivo 
examination of activities using a very extensive range of 
screens. These in vitro screens are quicker and cost-effec-
tive as they are based on enzymatic activity or on the action 
of the compounds on cultured cell lines. This also opens 
new horizons for researchers to develop new molecules 
of therapeutic potential from algae of the marine sources. 
Owed to such interesting and pioneering results, algae have 
made its discrete place in the traditional medicine therapies 
till date (Geetha Bai and Tuvikene 2021). Marine algae are 
distributed in a wide range of habitats and entice attention 
not only due to its taxonomic and ecological perspective 
but also to produce valuable bioactive components used in 
the pharmaceutics, foods, and cosmetic industry. In Table1, 
several types of antimicrobial compounds viz. polysac-
charides, polyphenols, fatty acids, pigments, alkaloids, 
terpenoids, halogenated compounds, proteins and peptides 
extracted from algae have been compiled. Every class of 
marine algae ranging from Euglenophyta (Euglenoids), 
Cryophyte (Golden-brown algae and Diatoms), Pyrrophyta 
(Fire algae), Chlorophyta (Green algae), Rhodophyta (Red 
algae), Phaeophyta (Brown algae), Xanthophyta (Yellow-
green algae) could be exploited to meet the demands for 
developing new antimicrobials for prevention and control 
of drug resistant microbes and correspondingly the demands 
of foods and cosmetic industries. Different applications 
have been proposed for these compounds, such as preser-
vatives in the food or cosmetic industries, as antibiotics in 
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the pharmaceutical industry, as anti-biofilm, antifouling, 
coating in active packaging, prebiotics or in nanoparticles 
(Greff et al. 2014; Pérez et al. 2016; Carvalho et al. 2019). 
This mini-review presents the therapeutic potential of alga 
(micro/macro) and the phytochemicals/bioactive com-
pounds isolated till date with emphasis on the antibacterial, 
antifungal and antiviral data as well as their applications 
against drug resistant infectious microbes.

Antibacterial compound isolated from algae

The antibacterial activity of certain natural products is tested 
in vitro and in vivo against many pathogenic bacteria alone 
and in combination of certain other nutrients (Pérez et al. 
2016; Pradhan et al. 2022). Nonetheless, during last decades 
an exponential increase in the research of novel antimicro-
bial compounds from these thallophytes titled scientists to 
screen more and more compounds which could be exploited 
likewise. Till now, certain antimicrobial potential algae 

have been studied that show similar activity to plant-derived 
natural products both in in vitro and in vivo conditions by 
agar diffusion methods (Cakmak et al. 2014). Some polar 
and non-polar solvent extract of algae have been reported to 
show their potential against the pathogenic bacterial agents. 
Trentepohlia umbrina an alga in methanol extract has poten-
tial against the Klebsiella pneumonia, Aspergillus niger, and 
Trichoderma barsianum along with the fungal pathogens 
(Simic et al. 2012). Sargassum wightii and Padina tetra-
stromatica aqueous extract exhibited its potential against 
Staphylococcus aureus and Vibrio harveyi (Christabell et al. 
2011). Methanolic extract of Chlamydomonas reinhardtii is 
found to be effective against the bacterial and fungal patho-
gens including Aspergillus niger, Aspergillus fumigatus and 
Proteus mirabilis (Alsenani et al. 2020). Methanolic extract 
of Oscillatoria sancta also reported its potential against 
the Proteus mirabilis, Proteus vulgaris, and Streptococcus 
pyogenes (Prakash et al. 2011). Apart from these certain 
phytoconstituents were also isolated from algae and their 
antibacterial and antifungal activity were reported. (Kamei 

Fig. 1 Stages proposed for the search, study and application of bioactive molecules as antimicrobials therapeutics isolated from algal source
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nature in similar mechanism of action to antibiotics (Vai-
rappan et al. 2008). Three new halogenated sesquiterpenes, 
10-bromo-7α,8α-expoxychamigr-1-en-3-ol (1), 10-bromo-
β-chamigren-8-ol (2), and 10-bromo-3-chlorocupar-
5-en-2-ol (3) isolated from the marine red alga Laurencia 
okamurai at the geological sites coast of Rongcheng, China 
reported antibacterial activity against Escherichia coli and 
Staphylococcus aureus using standard agar diffusion assay 
(Li et al. 2012). The favourite edible seaweed of Hawai-
ian red alga Asparagopsis taxiformis “limu kohu,” which is 
the prominent source of organohalogens contains unusual 

et al. 2009) reported a novel antibacterial terpenoid diter-
pene sargafuran from methanolic extract of marine brown 
algae Sargassum macrocarpum. The bactericidal nature 
of this extract was demonstrated through degrading the 
Propionibacterium acnes using the mechanism of bacte-
rial cells lysis. Certain halogenated sesquiterpenes namely 
Majapolene B Majapolene A. and Acetylmajapolene A is 
isolated from Malaysian Laurencia sp against the marine 
bacteria Chromobacterium violaceum, Proteus mirabilis, 
Proteus vulgaris, Erwinia sp., Vibrio parahaemolyticus, 
and V. alginolyticus which evidenced their antibacterial 

Macroalgae Type Compounds Reference
Enteromorpha prolifera Polysaccharides Sulfated polysaccharide Wassie et al. 2021
Fucus vesiculosus Polyphenols Phlorotannins Bogolitsyn et al. 2019)

Polysaccharides Fucoidan Jun et al. 2018
Polysaccharides Fucoidan Cabral et al. 2021

Sargassum thunbergii Polyphenols Phlorotannins Wei et al. 2016
Eucheuma serra Proteins and 

peptides
Lectins Pina-Pérez et al. 2017

Cystoseira myrica Polysaccharides Fucoidan Algotiml et al. 2022
Chaetomorpha aerea Polysaccharides Sulfated polysaccharides Zammuto et al. 2022
Laminaria japonica Polysaccharides Depolymerized fucoidans Liu et al. 2017
Eisenia bicyclis Polyphenols Phlorofucofuroeckol Eom et al. 2014
Saccharina longicruris Proteins and 

peptides
Protein hydrolysate fraction Beaulieu et al. 2015

Kappaphycus alvarezii Polyphenols Bromophenols Cherian et al. 2019
Ascophyllum nodosum Polysaccharides Laminarin rich extracts Kadam et al. 2015

Polyphenols Phloroglucinol, 4-Coumaric acid Frazzini et al. 2022
Proteins and 
peptides

Tripeptides Frazzini et al. 2022

Gigartina skottbergii Polysaccharides Sulfated polysaccharides Siahaan et al. 2018
Ecklonia clava Polyphenols Dieckol Lee 2010

Polyphenols Phlorotannins Ryu et al. 2011
Delisea pulchra Fatty acids Bioactive fraction Martín-Martín et al. 

2022
Cystoseira racemose Fatty acids Sulfoquinovosyldiacylglycerol Wang et al. 2007
Cystoseira nodicaulis Polyphenols Phlorotannins Lopes et al. 2013
Dictyopteris 
membranacea

Polysaccharide Water soluble polysaccharide 
extracts

Abou Zeid et al. 2014

Cystoseira usneoides Polyphenols Phlorotannins Lopes et al. 2013
Fucus spiralis Polyphenols Phlorotannins Lopes et al. 2013
Laminaria hyperborea Polysaccharides Laminarin rich extracts Kadam et al. 2015
Ecklonia arborea Polyphenols Polyphenolic rich extracts Morán-Santibañez et 

al. 2018
Cladophora rupestris Polyphenols Polyphenolic rich extracts Tolpeznikaite et al. 

2021
Galaxaura marginata Proteins & 

peptides
Lectins Pina-Pérez et al. 2017

Scytosiphon vulgare Fatty acids Bioactive fraction (El Shafay et al. 2016
Solieria filiformis Proteins & 

peptides
Lectins Singh and Walia 2018

Bostrychia tenella Fatty acids Bioactive fraction de Felício et al. 2010
Furcellaria lumbricalis Polyphenols Polyphenolic rich extracts Tolpeznikaite et al. 

2021
Himanthalia elongate Pigments Fucoxanthin Rajauria and Abu-

Ghannam 2013

Table 1 Types of antimicrobial 
compounds extracted from differ-
ent algal strains
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against many pathogenic microbes (Vairappan et al. 2008). 
Other than terpenoids some phenolic compounds isolated 
from the marine source are also reported to have antibacte-
rial activity. These phenolics are also widely distributed in 
the environment and present abundantly in aromatic plants 
which contain the large group of secondary metabolites. 
Monodictyoquinone (1,8-dihydroxy- 2-methoxy-6-meth-
ylanthraquinone) compound isolated from the sea urchins 
Monodictys sp. is reported to possess antimicrobial activ-
ity against the bacteria (El-Gendy et al. 2008). 2, 3 dibro-
mabenzaldehyde-4, 5-disulphate potassium and 5-bromo-3, 
4- dihydroxybenzaldehyde are isolated from Polysiphonia 
lanora (red alga) and is reported to have potential antibac-
terial activity against pathogenic bacterias (Hodgkin et al. 
1966).

Polysaccharides are mainly monosaccharides sugar 
polymers that are linked via glycosidic/ether linkage. Poly-
saccharides isolated from plant sources have significant 
application in food and pharmaceutical industry but in the 
recent years many polysaccharides also have been derived 
from marine algae. The marine environment is being con-
stantly explored for the extraction and isolation of novel 
kinds of polysaccharides. Polysaccharides such as fucoidan 
and laminarin are successfully used for the inhibition in 
growth of Staphylococcus aureus and Escherichia coli and 
for reducing the Helicobacter pylori biofilms in the gastric 
mucosa. Sulphated polysaccharides such as depolymerized 
fucoidans has antibacterial activity which is caused by the 
interaction of fucoidans with membrane proteins, leading 
to membrane rupture and further cell death (Fig.2). These 
polysaccharides are used in the food supplements to reduce 
the chances of Piscirickettsia salmonis infection (Hodgkin 
et al. 1966; Kadam et al. 2015; Yu et al. 2015; Hernán-
dez et al. 2016). Glycol-compounds showed antibacterial 
activity through their interaction with components of the 
bacterial cell wall, such as lipopolysaccharides or peptido-
glycans (Besednova et al. 2015). However, in many cases, 
the mechanism of action is not yet understood. Sulphated 
polysaccharides isolated from the Sargassum swartzii are 
found to inhibit the growth of both gram positive and gram-
negative bacteria (Vijayabaskar et al. 2012). Polysaccha-
rides extracted from the red seaweed Pterocladia capillacea 
and brown seaweed Dictyopteris membranacea using hot 
and cold water is reported to inhibit the growth of Bacillus 
cereus, Staphylococcus aureus, Pseudomonas fluorescens 
and Escherichia coli (Abou Zeid et al. 2014).

Ulvans are a family of sulfated polysaccharides that are 
derived from green algae of the genus Ulva. These polymeric 
substances are typically found tightly linked by covalent 
bonds and weakly aggregated by electrostatic interactions 
mediated by calcium ions in the algal cell walls where they 
serve as structural elements (Robic et al. 2008). Ulvan is a 

mahorone and 5-bromomahorone which is reported to be 
active against the marine bacterium Vibrio fisheri (Greff 
et al. 2014). 4,5,6-tribromo-2-methylsulfinylindole, a new 
polybrominated indole from Laurencia brongniarii showed 
anti-bactericidal effect against Enterobacter aerogenes 
(ATCC 13,048), Salmonella enteritidis (ATCC 13,076), and 
Serratia marcescens ATCC 25,419 (Fang et al. 2014a, b).

The new bromophycoic acids A–E isolated from the Cal-
lophycus sp. from Fijian red alga possesses a range of bac-
tericidal activity against the methicillin-resistant S. aureus 
and vancomycin resistant Enterococcus facium at Minimum 
inhibitory concentration of 1.6–6.3µg/mL (Teasdale et al. 
2012). Paramuricea clavata, a Mediterranean gorgonian 
is reported to possess three new brominated metabolites, 
2-bromo-N-methyltryptamine, 3-bromo-N-methyltyramine 
and 6-bromo-N-methyltryptamine which shows their anti-
bacterial activity against the three bacterial strain Pseudo-
alteromonas sp. D41 and TC8, and Paracoccus sp. 4M6 
(Gribble 2015). The brominated alkaloids isolated from 
the marine sponge Pseudoceratina sp. showed biological 
activity and presence of four new pseudoceramines A–D. 
Amongst the previously reported pseudoceramines, Pseudo-
ceramine B inhibits bacterial growth with IC50 40 µM (Yin 
et al. 2011; Li et al. 2012). Three new brominated imidaz-
oles, 14-O-sulfate massadine, 14-O-methyl massadine, and 
3-O-methyl massadine chloride were isolated from the deep-
sea Great Australian Bight sponge, Axinella sp. Researchers 
reported the antibacterial activity of Axinella sp. against the 
gram-positive bacteria Staphylococcus aureus (ATCC 9144 
and 25,923) and B. subtilis (ATCC 6051 and 6633), and the 
gram-negative bacteria E. coli (ATCC 11,775) and P. aeru-
ginosa (ATCC 10,145) (Zhang et al. 2012; Cui et al. 2015). 
A novel indole alkaloid isolated from the Okinawan sponge 
Suberites sp., including nakijinamines A is reported to show 
antibacterial activity against the S. aureus, B. subtilis, and 
Micrococcus luteus (França et al. 2014).

Terpenoids are primarily a class of compounds having 
wide distribution in nature and higher plants, viz. gymno-
sperms and angiosperms are an abundant source of this. 
Besides higher plants many thallophytes including marine 
algae are also an abundant source of it. Terpenoids of 
marine algae have an immense role in chemical ecology, 
signal molecules, allochemicals and many more (Yasuhara-
Bell and Lu 2010). The major class of terpenoids isolated 
from marine algae are mainly sesterterpenoids, sesquiterpe-
noids and meroterpenoids which are antimicrobial in nature. 
Other potent terpenoids, peyssonoic acid A and B are iso-
lated from a red alga Peyssonnelia sp. and are reported to 
have microbial activity against Pseudoalteromonas bacte-
riolytica and Lindra thalassiae (Kurhekar 2020). Similarly, 
Tiomanene and Acetylmajapolene A and B isolated from 
the Laurencia sp. are reported to have antimicrobial activity 
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amphiphilic nature (Lordan et al. 2011). The latter permits 
their interaction with polar and non-polar sites of the cell 
membranes. These peptides usually function by interfering 
the cellular processes, the interactions lead to the appari-
tion of pores, causing disruption of the membrane and 
cellular rupture (Pimenta and Lebrun 2007; Nguyen et al. 
2011). Protein explicitly lectin occurs in animals, human, 
bacteria, and algae. These lectins have wide application in 
human beings including carbohydrate-binding, cell adhe-
sion, blood-protein regulation, and immune defence (Kil-
patrick 2002; Ahn et al. 2007). Lectin isolated from the red 
algae Solieria filiformis is reported to have inhibitory action 
against Pseudomonas aeruginosa, Enterobacter aerogenes, 
Serratia marcescens, Salmonella typhi, Klebsiella pneu-
moniae, and Proteus sp. Lectins extracted from macroalga 
have gained attention owed to their great range of bioactivi-
ties. Antimicrobial peptides isolated from the algae Tetrasel-
mis suecica (Kylin) were efficient against the gram-positive 
and Gram-negative bacterias (Abreu et al. 2022). An anti-
bacterial peptides SP-1 isolated from Spirulina platensis is 
reported to be non-toxic by haemolysis. Furthermore, it is 
active against Escherichia coli and Staphylococcus aureus 
in the concentration range of 8mg/mL and 16mg/mL respec-
tively (Sun et al. 2015). This SP-1 is the first antimicrobial 
peptide isolated from Spirulina platensis (Sun et al. 2016).

heterogeneous sulfated polysaccharide whose composition 
is not univocal and significantly depends on the period of 
collection and the ecophysiological origin of the algal spe-
cies. Ulvan structure is formally represented as the sequence 
of a disaccharide unit comprising two different types of aldo-
biuronic acid, namely ulvanobiuronic acid 3-sulfate type A 
(A3s) and type B (B3s) (Morelli et al. 2017). Both units are 
characterized by the presence of a rhamnose 3-sulfate resi-
due linked to an uronic residue through a (1–4) glycosidic 
bond. The structural heterogeneity of ulvan extracted from 
various algal sources was primarily characterised by a dif-
ferent degree of polysaccharide sulfation and the substitu-
tion of uronic residues with a minor proportion of xylose, 
sulfated xylose, glucose, mannose, and arabinose residues 
(Liang et al. 2014). Ulvan, has been shown to have a wide 
range of biological properties and to significantly contribute 
to the health benefits obtained from algal food consumption. 
Ulvan has also been shown to anticoagulant, antioxidant, 
anticancer, antihyperlipidemic, antiviral, antimicrobial, and 
immunomodulatory properties (Morelli et al. 2017).

The amino acids having short or large peptide chains 
are also demonstrated to have antimicrobial potential in 
some case studies. Figure2 shows a schematic illustration 
of the main action mechanisms of antibacterial compounds 
extracted from different algae species. The inhibitory 
effects of proteins and peptides are associated with their 

Fig. 2 Schematic illustration of the main action mechanisms of antibacterial and antifungal compounds extracted from different algal species (P: 
Polyphenols, Ps: Polysaccharides, F: Fatty acids, Pp: Proteins and peptides and Fx: Fucoxanthin)
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such kinds of diseases scientists are shifting towards the use 
of algae from the marine environment. As a lot of research is 
being conducted in the field of ethno-pharmacology for the 
isolation of active drugs for the treatment and cure. How-
ever, the concern related to its endangered status has limited 
the use of these. The utilization of marine algae is also con-
sidered as the alternative for it. This section focuses on the 
antifungals derived from the marine algae, and organic algal 
extracts used as antifungals, their mechanism of actions, 
as well as potential applications as antibiotics etc. Figure2 
describes the main action mechanisms of antifungal com-
pounds extracted from different algae species, such as the 
antifungal properties of algae polysaccharides are accred-
ited to the contact of glyco-receptors of the bacterial cell 
wall, compounds of the membrane and nucleic acids and 
the polysaccharides. Laurencia composita is a common 
red alga and four new antifungal compounds laurecomins 
A-D were isolated from it. Among the isolated compounds 
laurecomin B is reported to have antifungal activity against 
the Colletotrichum lagenarium (formed ~ 10mm zone 
of inhibition) (Li et al. 2012; Liang et al. 2014). Several 
new brominated sesquiterpenes, seco-laurokamurone, lau-
repoxyene, 3β-hydroperoxyaplysin, 3α-hydroperoxy-3-
epiaplysin, 8,10-dibromoisoaplysin, and laurokamurene 
D were isolated from the Laurencia okamurai (red algae). 
Simultaneously, its antifungal activity is reported against 
the Cryptococcus neoformans, Candida glabrata, Tricho-
phyton rubrum and Aspergillus fumigatus (Yu et al. 2015). 
Symphyocladia latiuscula a member of red algae is reported 
to have rich source of brominated phenols. From these vari-
ous antifungals were reported including symphyocladin A, 
symphyocladin B, symphyocladin C, symphyocladin D, 
symphyocladin E, symphyocladin F, symphyocladin G and 
Bromocatechols. Amid these isolated compounds only Bro-
mocatechols showed antifungal potential against the fungi 
Candida albicans (Xu et al. 2012, 2013; Xu et al. 2014). 
(Cantrell et al. 2005) reported presence of four antifungal 
components from the Haplophyllum sieversii as bioactive 
alkaloids flindersine, anhydroevoxine, haplamine, and a lig-
nan eudesmin. Out of these alkaloids flindersine exhibited 
most effective bioactivity against C. fragariae, C. gloeo-
sporioides, C. acutatum, Botrytis cinerea, Fusarium oxys-
porum, and Phomopsis obscurans. Out of these Haplamine 
demonstrated selective inhibition against the odor-produc-
ing cyanobacterium O. perornata compared to the activ-
ity against the green alga S. capricornutum. Dieckol is an 
antifungal activity producing agent extracted from marine 
brown alga. Ecklonia cava is reported to have potent activ-
ity against common pathogen Trichophyton rubrum. The 
MIC of dieckol produced against Trichophyton rubrum was 
reported to be 200 µM. The antifungal activity was chiefly 
due to disruption and perforation of cytoplasmic membrane 

Lactones are mainly a group of cyclic esters including 
furanones and have been reported to possess antibacterial 
nature. Furanone extracts from Delisea pulchra have been 
used for the prevention of biofilm formation, and inhibition 
of quorum sensing in Pseudomonas aeruginosa. The fura-
nones isolated from the Delisea pulchra interfere with the 
AHL for the LuxR receptor site that leads to virulence fac-
tor productions and pathogenesis (Brameyer and Heermann 
2015). 4-bromo-5-(bromomethylene)-3-(11-hydroxybutyl)-
2(5H)-furanone is isolated from the red algae Delisea pul-
chra which is most commonly available is reported to inhibit 
the production of virulence factor carbapenem during quo-
rum sensing of Erwinia carotovora using disruption mecha-
nism of 3-oxo-C6-HSL dependent expression of the car 
ABCDEFGH operon (Manefield et al. 2001). Researchers 
have also reported a combination of some phytochemicals 
isolated from plant source against the common food poi-
soning causing bacteria like Campylobacter jejuni respon-
sible for causing the camphylobacteriosis (Altekruse et al. 
1999). The isolated furan from Delisea pulchra combined 
with the epigallocatechin gallate from green tea and citrus 
acid extract leads to significant decrease in the AI-2 activ-
ity, bacterial motility, and biofilm formation in Campylo-
bacter jejuni (Castillo et al. 2015). Algal furanones can also 
be exploited in place of synthetic sanitisers and antibiotics. 
These algal furanones have also demonstrated its activity 
against the Pseudomonas aeruginosa infection which is 
responsible for causing the mucoid films in the lungs of 
patients suffering from the problem of cystic fibrosis (Chat-
terjee et al. 2016). Antibacterial activity of algal lipids and 
fatty acids has been attributed to their ability to inhibit the 
electron transport chain and oxidative phosphorylation in 
cell membranes, leading to the formation of peroxidation 
and auto-oxidation degradation products and the cellular 
lysis (Fig.2). To the best of our knowledge, no studies have 
first isolated and then confirmed the antibacterial activity of 
macro algal fatty acids. The list of antibacterial activity of 
some important algae is given in Table2 (Desbois and Smith 
2010).

Antifungal bioactive from algae

Marine algae are not only the source of antibacterial com-
pounds but also a large source of antifungal compounds. 
Fungal infections are common diseases but sometimes 
these become dangerous due to the development of antibi-
otic resistance. At present many pharmaceutical firms have 
developed many broad-spectrum antifungal antibiotics for 
the treatment and prevention of such kind of infections but 
these are evolving resistance amongst them. Besides using 
natural drugs isolated from plant sources for the treatment of 
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activity. Interactions between these molecules and mem-
branes lead to the disruption of the membrane stability and 
cellular functions (Fig.2). Numerous factors can affect this 
activity viz., the molecular weight, charge density, structure, 
and conformation (Singh and Walia 2018; Barre et al. 2019).

The antifungal agents derived from marine algae are 
relatively less reported and active research in isolating such 
components are rather slow. However, many marine algae 
solvent extracts have also been publicized for their anti-
fungal activity against pathogenic fungus causing serious 
illness in animals as well as human beings. In the case of 

integrity caused by dieckol (Lee 2010). Similarly, Methoxy-
bifurcarenone an antifungal meroditerpenoid is derived 
from the brown alga Cystoseira tamariscifolia. Research-
ers have reported its activity against the common tomato 
fungal pathogen Botrytis cinerea, Fusarium oxysporum sp. 
mycopersici and Verticillium alboatrum (Bennamara et al. 
1999; Besednova et al. 2015). Fucofuroeckol-A isolated 
from the edible alga Eisenia bicyclis is reported to have 
antifungal activity against the fluconazole-resistant Can-
dida albicans at the MIC of 512µg mL-1 (Kim et al. 2018). 
Lectins extracted from algae species exhibited antifungal 

Algae Bacterial agents Reference
Saccharina latissima Staphylococcus aureus Cusson et al. 2021
Trentepohlia umbrina Klebsiella pneumonia Simic et al. 2012
Sargassum wightii & 
Padina tetrastromatica

Staphylococcus aureus, Vibrio harveyi Christabell et al. 2011

Hypnea cornuta Staphylococcus aureus, Pseudomonas aeruginosa Zammuto et al. 2022
Lithothamnium calcareum Escherichia coli Frazzini et al. 2022
Oscillatoria sancta Proteus mirabilis, P. vulgaris, Streptococcus 

pyogenes
Prakash et al. 2011

Sargassum macrocarpum Propionibacterium acnes Kamei et al. 2009
Sargassum fusiforme Vibrio owensii, Empedobacter brevis, Providencia 

vermicola, and Brevibacterium linens
Ahmed et al. 2022

Himanthalia elongata Listeria monocytogenes Rajauria and Abu-
Ghannam 2013

Laurencia spp Chromobacterium violaceum, Proteus mirabilis, P. 
vulgaris, Erwinia, sp., Vibrio parahaemolyticus, and 
V. alginolyticus

Vairappan et al. 2008

Delisea pulchra Candida albicans, Vibrio cholerae Martín-Martín et al. 
2022

Laurencia okamurai Escherichia coli, Staphylococcus aureus Li et al. 2012
Dictyota dichotoma Escherichia coli Kosanić et al. 2019
Desmarestia antarctica Psychrobacter sp.     

    
Martín-Martín et al. 
2022

Cystoseira amentacea Escherichia coli Kosanić et al. 2019
Asparagopsis taxiformis Vibrio fisheri Greff et al. 2014
Laurencia brongniarii Enterobacter aerogenes, Salmonella enteritidis, and 

Serratia marcescens
Fang et al. 2014a, b

Callophycus sp. Streptococcus aureus and Enterococcus facium Teasdale et al. 2012
Cladophora rupestris Staphylococcus haemolyticus Tolpeznikaite et al. 

2021
Paramuricea clavata, Pseudoalteromonas sp Pina-Pérez et al. 2017
Hormophysa cuneiformis Shigella sp. Shigella(ATCC 9204 and 1457) Rahelivao et al. 2015
Furcellaria lumbricalis Staphylococcus haemolyticus Tolpeznikaite et al. 

2021
Sargassum polycystum Bacillus cereus Chong et al. 2011
Ulva rigida Enterococus faecalis, E. faecium Ismail et al. 2018
Ulva intestinalis Streptococcus mutans Tolpeznikaite et al. 

2021
Turbinaria conoides Streptococcus agalactiae, S. pneumoniae, S. suis Rahelivao et al. 2015
Enteromorpha
linza

Streptococcus aureus, Streptococcus mutans Strepto-
coccus pyogenes

Osman et al. 2010

Enteromorpha compressa Pseudomonas aeruginosa, Staphylococcus aureus, 
Streptococcus pneumoniae

Pradhan et al. 2022

Grateloupia Salmonella choleraesuis, S. typhi, S. typhimurium Rahelivao et al. 2015
Sargassum platycarpum Salmonella enterica, S. gallinarum Moubayed et al. 2017

Table 2 Studies showed the 
antibacterial activity of different 
algal strains
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volatile halogenated hydrocarbons (Boughalleb et al. 2009). 
The antifungal activity of Bifurcaria bifurcate a common 
seaweed of order Fucales (Ochrophyta, Phaeophyceae) that 
is available all around the year reveals its maiden antifun-
gal activity against some dermatophytes. The methano-
lic extract of (B) bifurcate was found to be most effective 
against the E. floccosum (Carvalho et al. 2019). The antifun-
gal activity of six species of marine macro-algae i.e. Codium 
decorticatum, Caulerpa scalpelliformis, Gracilaria crassa, 
Acanthophora spicifera, Sargassum wightii and Turbinaria 
conoides using different solvents (i.e. acetone, methanol, 
chloroform, diethyl ether, ethyl acetate, and hexane) were 
evaluated against Fusarium oxysporum, F. udum, F. solani, 
Rhizoctonia solani, Alternaria alternat, Botrytis cinerea, 
Candida albicans, Candida krusei, Aspergillus niger and 
Aspergillus flavus. The results of this work testified that, the 
maximum activity was reported from the families of Phaeo-
phyceae, Chlorophyceae and Rhodophyceae, respectively. 
Nevertheless, the maximum activity was reported by using 
the acetone extract of Turbinaria conoides against F. udum. 
This result showed that brown seaweed T. conoides is found 
to be most effective as compared to green and red seaweeds 
(Lavanya and Veerappan 2012) Fucoidan may not present 
a direct killing effect and may act by trapping nutrients, 
reducing the bioavailability. To our knowledge, few studies 
have evaluated the antifungal properties and mechanisms of 
algal polysaccharides. The summary of these algal phyto-
chemicals are given in the Table3.

Anticoagulant and immunosuppressive 
applications from algae

The anticoagulant action is measured by the extension of 
activated partial thromboplastin time, thrombin time, and 
prothrombin time (Morelli et al. 2017). According to the 
findings, these substances have antiplatelet, anticoagulant 
proteins with fibrinolytic enzymes that can alter endothelial 
cell activities and activate the fibrinolysis system. Algae-
derived phlorotannins and SPs have shown considerable 
promise in global health as anticoagulant drugs. Immuno-
suppressive substances can suppress the immune system, 
particularly T and B cells, by various ways (Boughalleb 
et al. 2009; Kim and Wijesekara 2011). They are required 
to increase the survival of allogeneic organ transplants by 
reducing host immune responses. Fucoidan and laminarans 
from brown algae, carrageenan from red algae, and ulvan 
from green algae are the principal SPs that have received a lot 
of interest in the food, cosmetic, and pharmaceutical indus-
tries (Usman et al. 2017). Some natural and safe sources 
of anticoagulant agents generating phenolic compound are 
Ecklonia cava, E. stolonifera, E. kurome, Eisenia bicyclis, 

fungi, it has also been proposed that fatty acids may act in 
disrupting the cell membrane, inhibiting the reproduction. 
Some polar and non-polar extracts of Colpomenia sinuosa, 
Padina pavonia, Cystoseira barbata and Sargassum vulgare 
were tested for their antifungal activity against the Aspergil-
lus niger, (A) flavus, Penicillium parasiticus, Candida utilis 
and Fusarium solani among which methanolic extract of C. 
barbata showed the best activity. The active constituents 
which were found to be quite effective through GC-MS 
analysis were indoles, terpenes, acetogenins, phenols, and 

Table 3 Studies showed the antifungal activity of various algal strains
Algae Antifungal compound Fungal agent Reference
Laurencia 
composita

Laurecomin B Colle-
totrichum 
lagenarium

Li et al. 
2012

Laminaria Laminarin-based for-
mulation Vacciplant

Zymoseptoria 
tritici

de Borba 
et al. 2022

Laurencia 
okamurai

Seco-laurokamur-
one, laurepoxyene, 
3β-hydroperoxyaplysin, 
3α-hydroperoxy-3-
epiaplysin, 8,10-dibro-
moisoaplysin, and 
laurokamurene D

Cryptococcus 
neoformans, 
Candida 
glabrata, 
Trichophyton 
rubrum and 
Aspergillus 
fumigatus

Yu et al. 
2015

Sym-
phyocladia 
latiuscula

Symphyocladin A, 
symphyocladin B, 
symphyocladin C, 
symphyocladin D, 
symphyocladin E, 
symphyocladin F, 
symphyocladin G and 
Bromocatechols.

Candida 
albicans

Xu et al. 
2012, 
2013, 
2014

Ulva fasciata Phenolic, flavonoid 
contents

Penicillium 
digitatum, 
Penicillium 
expansum and 
Penicillium 
italicum

Fayzi et 
al. 2022

Haplophyl-
lum sieversii

Flindersine, anhydro-
evoxine, haplamine & 
lignan eudesmin

C. fragariae, 
C. gloeospo-
rioides, C. 
acutatum, 
Botrytis cine-
rea, Fusarium 
oxysporum, 
and Phomop-
sis obscurans

Cantrell et 
al. 2005

Ecklonia 
cava

Dieckol Trichophyton 
rubrum

Lee 2010

Methoxybi-
furcarenone

Cystoseira 
tamariscifolia

Botrytis cine-
rea, Fusarium 
oxysporum 
sp. mycop-
ersici and 
Verticillium 
alboatrum 
respectively

Benna-
mara et al. 
1999

Eisenia 
bicyclis

Fucofuroeckol-A Candida 
albicans

Kim et al. 
2018
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SP stops viruses like dengue virus (DENV), human papil-
lomaviruses (HPVs), and HIV from attaching to host cells 
and internalising them. Furthermore, Galactan, alginate, and 
fucan from red algae, laminarin from brown algae, naviculan 
from Diatom Navicula directa, calcium spirulan, and nos-
taflan from blue-green algae have been discovered to have 
remarkable antiviral properties against HIV, HPV, DENV, 
and HSV. Table4 provides a comprehensive review of the 
literature for antiviral activity of different algal strains with 
their active metabolite and indicates that species belong-
ing to rhodophyceae, phaeophyceae and chlorophyceae are 
potent against viral infections.

Conclusion and future prospective

Modern antibiotics brought a new age of medicine. Cur-
rently, society is facing a major threat to the health of the 
populations as some bacteria have developed resistance to 
contemporary antibiotics. To solve this problem alga and 
their products are frequently being used in numerous coun-
tries. As marine algae are a gigantic source of antimicrobi-
als having activity of both bactericidal as well as antifungal 
in nature. Many essential phytochemicals are also isolated 

Ishige okamurae, S. thunbergii, and Hizikia fusiformis. Sul-
folipids from blue-green algae has shown strong immuno-
suppressive effect in human-mixed lymphocyte reaction, 
which does not affect the general immunocompetence (Kim 
and Wijesekara 2011). Spirulina can modulate the produc-
tion of cytokines by human peripheral blood mononuclear 
cells. Therapeutic use of Spirulina has been explored, by 
reducing the levels of glucose and lipids serum, protects the 
kidney against heavy metals and drugs. β-1,3 glucan from 
Chlorella sp.reduces free radicals and blood cholesterol 
(Kim and Wijesekara 2011).

Antiviral applications of algae metabolites

Despite earlier vaccine developments providing acquired 
immunity, current efforts to develop antiviral drugs have 
increased dramatically as a result of the emergence or (re)
emergence of contagious diseases. Drug resistance may 
develop as a result of viruses’ ability to change their genetic 
composition autonomously in response to each interaction 
with a treatment strategy. For the last three years the entire 
world has faced the challenges of Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2). The SARS-CoV-2 
has been identified as a single-stranded, positive-sense RNA 
virus belonging to the Beta coronavirus family. The disease 
was first diagnosed at the end of 2019 in Wuhan and later 
on WHO proclaimed that the illness brought on by this virus 
was a global pandemic. Researchers incessantly tried to 
develop and implement rapid diagnoses, safe and effective 
vaccinations and other alternative therapeutic procedures 
to combat this deadly disease (Lai et al. 2020; Kumar et 
al. 2022). However, synthetic drug caused side effects and 
high costs to benefit ratio changed researcher’s interests in 
natural product-based medicines. Algae are reported to be 
a rich source of antiviral compounds with immunity-boost-
ing properties such as lectins and sulphated polysaccha-
rides. Therefore, antiviral substances derived from natural 
resources and some medicines have seen a boom in popu-
larity recently. Algal-derived metabolites can be also used 
as antibodies and vaccine raw materials against COVID-19 
(Kumar et al. 2022). Recent studies have reported that these 
compounds demonstrate substantial activity against a wide 
array of DNA and RNA viruses, including the influenza 
virus known to be associated with respiratory illnesses (Ben 
Hlima et al. 2022). However, this field of study is still in its 
early stages of development but we are certain that in future 
algal species will be used as immunity boosters to reduce 
viral activity in humans and be recommended for usage as 
a COVID-19 preventative measure too. Carrageenan from 
the red algae Gigartina skottsbergii, for example, has been 
found to bind enveloped and non-enveloped viruses. The 

Table 4 Studies showed the antiviral activity of various algal strains
Microalgae species Bioactive 

compounds
Antiviral 
activity

References

Caulerpa racemose Sulphated 
Polysaccharides

Against 
HSV-2

Gosh et al. 
2004

Ulva fasciata, 
Codium elongatum

Sulphated 
Polysaccharides

Against 
Semliki 
Forest and 
Vaccinia 
Viruses

Faulkner 
1998

Caulerpa brachypus, 
C. scapelliformis, C. 
okamurai, Chaeto-
morpha crassa, Ch. 
spiralis, Monostroma 
nitidum, Codium 
adhaerens

Sulphated 
Polysaccharides

Against 
HSV-1

Lee et al. 
2004

Ecklonia cava Phlorotannin Against 
HIV

Ahn et al. 
2007

Grateloupia filicina Sulphated 
polysaccharides

Against 
HSV

Wang et al. 
2007

Grateloupia 
longifolia

Sulphated 
polysaccharides

Against 
HIV

Hydroclathrus 
clathratus

Sulphated 
polysaccharides

Against 
HSV

Sphaerococcus 
coronopifolius

Sulphated 
Polysaccharides

Against 
Influenza, 
Herpes, 
HIV

Bouhlal et al. 
2011

Boergeseniella 
thuyoides

Sulphated 
Polysaccharides

Against 
Influenza, 
Herpes, HIV
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