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ABSTRACT

Primarily, Seaweeds contain beneficial metabolites for human body. Algae, a group of seaweeds, have
potential of being used to produce food products, pharmaceutical products, biodiesel, etc. There are several
groups of Algae throughout the world like, red, green algae etc. Some natural metabolites of red algae are
steroid, terpenoid, acetogenin. Regarding growing awareness of consumers on application of natural
antimicrobial products, it could be noted that Marine seaweed and algae could be considered as proper
sources. The aim of this review is to present a brief description of antimicrobial properties of red algae.
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INTRODUCTION

To date, some bioactive compounds have been
identified with potentials of treating toward
HIV, Ebola, Hepatitis C, and H5N1 virus.
Moreover, sulfated polysaccharide found in red
algae might attenuate retroviral replications. In
general, seaweeds are considered as one of the
superb components of marine organisms and
currently are used as vegetables in diets
(Nisizawa). People from coastal beach area
consume both fresh and dry forms of seaweeds
[1]. Algae are in a wide range of utilizations such
as food, medicine, etc. Seaweeds have 13000
years’ history of using in different applications
[2, 3]. Phytochemical Substances derived from
red algae are frequently used in industries like
food, pharmacy, textile, etc. Seaweeds are rich in
enzymes, antioxidants, functional components.
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They also have medicinal applications like
antibiotics Swaminathan and anticoagulant [4].
Recently, seaweeds (macro-algae) are being
used for many applications such as food [5].
With respect to parameters like pigment and
morphological characteristics, seaweeds are
classified into three groups: red algae, brown
algae and green algae, scientifically known as
Rhodophyceae, Phaeophyceae and
Chlorophyceae, respectively [6]. Several
technological applications for seaweeds could be
defined like using as thickening or gelling agent,
and as vegetables. Additionally, seaweeds
contain some groups of gum including
carrageenan, agar, and alginate [7].
Incorporating seaweeds into pasta makes it
possess biologically active compounds such as
fucoxanthin and fucosterol [8]. Furthermore,
seaweeds biochemical profile contains different
sources of protein, fat, carbohydrate, etc., and
nutritionally would be considered as functional
ingredients [9]. Tables 1 and 2 exhibit some
bioactive components of red algae as well as
some of its biological properties.
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Figure 1. Red algae [10]

Table 1. Bioactive compounds of several species of red algae

Bioactive molecules Red algae Virus targets (within the replication Reference
cycle)
Polvsiphonia Fish pathogenic viruses, infectious
Bromophenols ysiphon hematopoietic necrosis virus and infectious [11]
morrowii - .
pancreatic necrosis virus
carrageenan Gigartina Herpes simplex Vlgl{ss\t/}.lrz)is 1 (HSV-1) and 2 [11]
P S GRFT Cellular intrusion of the HIV-1, Ebola,
Griffithsin Griffithsia sp SARS, hepatitis C and H5N1 virus [10,12]
Grateloupia filicina,
Sulphated galactans Grateloupia HIV-1 inhibitory activity [13]
Galactose, xylose cp s
longifolia
Sulfated Schizymenia dubyi [HIV-1 inhibitory activity [14]
glucuronogalactan
Galactose

Table 2 . Some of the biological activities of red
algae

Biological properties Reference
Antiulcer products and
suspending agents in [15]
radiological preparation
terpenoids, ph101-“otann1ns, and [16,17]
steroids
polysaccharides, vitamins,
minerals, and fibers [18,19]
antibacterial [20]
antiviral [21]
antifungal [22]
anticoagulant [23]
antitumor [24]
anti-inflammatory activities [25]
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The presence of antioxidants could be a possible
reason for prevention of oxidative damage while
the seaweeds are exposed to sunlight [26]. If we

consider seaweeds as antioxidant sources, and
simultaneously, protecting the human body
from disrupting reactions, therefore, the
hypothesis of potential defense against
oxidation would be possible [9].

In fact, antioxidants prevent DNA damage or
mutation with reduction of reactive oxygen and
obstruction of free radicals [27]. Some methods
to detect antioxidant activity include beta-
carotene bleaching (BCB) assay, ferric reducing
antioxidant power (FRAP) assay, DPPH free
radical scavenging assay [28-30].

Antimicrobial effects

Antimicrobials refer to any kind of substances
with ability of killing or inhibiting the growth of
microorganisms like bacteria, yeasts, molds with
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the least damage to the host cells. Since
seaweeds are living in aquatic environment
where microbiota is rich, it could be noted that
they have accustomed to have some
antimicrobial components [31]. Repeatedly, to
avoid increasing resistance of pathogens to the
conventional antimicrobials, we can consider
them as proper alternatives [32]. A bulk of
published documents have been assigned to
pronounce the micro- and macro-algae as
potential  antimicrobial  sources  against
pathogens. To date, many studies have focused
on isolated bioactive natural compounds, and
for developing and designing new drugs to
control pathogens.

Both food industry and consumers achieve to
awareness of having more natural antioxidants,
and healthier foods [33]. In literature, several
studies have revealed efficacy of algae derived
bioactive compounds against gram (+) but not
gram (-) bacteria. New antimicrobial substances
derived from algae are promising to act against
pathogens [34].

Table 3. Some antimicrobial components
derived from red algae

Anti-HIV compounds | red seaweeds [34]

polybromocatechol Neorhodomela | [35]

compounds effects on | aculeata

a HelLa cell

HSV-1 and HSV-2 Sargassum [36]
vulgare

antiviral activity Stoechospermu | [37]
m marginatum

anti-HSV-1 Laminaria [38]
angustata

Recently, several studies on seaweeds led to
extraction of two new prenylated para-xylenes
from Caulerpa racemos, which acts against some
pathogens like Candida glabrata, Trichophyton
rubrum, and Cryptococcus neoformans [39, 40].

Antibacterial Compounds From Red Algae
Several species of red algae have been reported,
and this review deals with some of them such as
Laurencia spp., Gracillaria spp., Acanthophora
spp and other rare species.

Table 4 . Antimicrobial compounds derived from Laurencia (Rhodomelaceae, Ceramiales)

. . 8-256
C15 acetogenin en-ynes| antistaphylococcal mg/mL [41]
hglogenated antiherbivore activity [42]
sesquiterpene alcohol
5-acetoxypalisadin B | Antimicrobial activities [43]
palisadin A Antimicrobial activities [43]
palisadin B Antimicrobial activities [43]
60 pg/disk against Proteus mirabilis and
pannosanol Antimicrobial activities 100 pg/disk against Chromobacterium [43]
violaceum and Vibrio cholera
pannosane Antimicrobial activities 60 pg/disk aga.lnst Chromobacterium [43]
violaceum
3(Z) Chlorofucin Antimicrobial activities 100 pg/disk age.unst Chromobacterium [43]
violaceum
10-acetoxyangasiol 10-acetoxyangasiol against Vibrio
Antimicrobial activities cholerae at 100 pg/mL [44]
1-methyl-2,3,5- o . N
tribromoindole Antimicrobial activities Staphylococcus sp. at MIC 300 pg/mL [44]
agar which is extensively used in food and
Acanthophora spp. cosmetic industries [47-50].

Some of the bioactive compounds have derived
from them are [-sitosterol, saringosterol, 5a-
cholestane-3,6-dione, and cholest-4-ene-3-one
[45, 46]. It has been reported that some of the
sterols have cytotoxic and antimicrobial
properties.

Gracilaria spp.

This genus contains more than 300 species. The
main reason that make this group especial is a
commercial product derived from them called
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Asparagopsis spp.
Detected chemical components of this genus by
chromatographic methods are octadec-9-enoic

acid 2,3-dihydroxypropyl ester, 9-octadecanoic
acid, octadecanoic acid, and chlorobenzene.

Members of this genus have been revealed to be
effective against pathogens like Escherichia coli,
and Pseudomonas aeruginosa. GC-MS method
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have been used to identify the antimicrobial
compounds (bromoform, and dibromoacetic
acid) of this genus [51].

CONCLUSION
In conclusion, we could mention that red algae
are an appropriate source of promising
antimicrobial agents, which could even play a
role in synthesis of novel substances. Technical
and chemical methods could employ some
templates for designing new antimicrobial
products. Additionally, other science branches
like, biology, chemical engineering, along with
biomedical techniques are needed to align
synthetic products as natural antimicrobial
products.
FUNDING

This work was partly supported by the Russian
Foundation Basic Research (RFBR) under the
project 15-29-05893.

REFERENCES

1. Cox, S., Abu-Ghannam, N. and Gupta, S. An
assessment of the antioxidant and
antimicrobial activity of six species of edible
Irish seaweeds. International Food Research
Journal 2010; 17: 205-220.

2. Seenivasan R; Rekha M; Geetha
S.Antibacterial Activity and Phytochemical
Analysis of Selected Seaweeds from
Mandapam Coast, India. Journal of Applied
Pharmaceutical Science. 2012; 2(10): 159-
169.

3. Radhika D; Veerabahu C; Priya R
Antibacterial Activity Of Some Selected
Seaweeds From The Gulf of Mannar Coast,
South India Asian J. Pharm. Clin. Res., 2012;
5(4), 89-90.

4. Koyanagi S, Tanigawa N, Nakagawa H, Soeda
S and Shimeno H. Oversulfation of fucoidan
enhances its anti-angiogenic and antitumor
activities. Biochem Pharmacol 2003; 65: 173-
179.

5. Dhargalkar, V. K. and Verlecar, X. N. 2009.
Southern Ocean seaweeds: A resource for
exploration in food and drugs. Aquaculture
287:229-242.

6. Manivannan, K., Thirumaran, G., Devi, G. K,
Anantharaman, P. and Balasubramanian, T.
2009. Proximate Composition of Different
Group of Seaweeds from Vedalai Coastal
Waters (Gulf of Mannar): Southeast Coast of
India. Middle-East Journal of Scientific
Research 4(2): 72-77.

88

7. McHugh, D. J. 2003. A Guide to Seaweed
Industry. FAO Fisheries Technical Paper No.
441.

8. Prabhasankar, P., Ganesan, P., Bhaskar, N.,
Hirose, A. Stephen, N. Gowda, L. R,
Hosokawa, M. and Miyashita, K. 2009. Edible
Japanese seaweed, wakame (Undaria
pinnatifida) as an ingredient in pasta:
Chemical, functional and structural
evaluation. Food Chemistry 115(2): 501-508.

9. Plaza, M., Cifuentes, A. and Ibaifiez, E. 2008. In
the search of new functional food ingredients
from algae. Trends in Food Science &
Technology 19(1): 31-39.

10.Emau P, Tian B, O'keefe BR. et al. "Griffithsin,
a potent HIV entry inhibitor, is an excellent
candidate for anti-HIV microbicide". ]. Med.
Primatol. 2007; 36: 244-53.

11.Kim SY, Kim SR, Oh M], Jung SJ, Kang SY. In

vitro antiviral activity of red alga,
Polysiphonia morrowii extract and its
bromophenols against fish pathogenic

infectious hematopoietic necrosis virus and
infectious pancreatic necrosis virus. Journal
of Microbiology. 2011; 49: 102-106.

12.Philip M, Anna A, Sandrine B et al. Griffithsin
Has Antiviral Activity against Hepatitis C
Virus. Antimicrob Agents Chemother. 2011;
55:5159-5167.

13.Wang HB, Mo QH, Yang Z. (2015) HIV vaccine
research: the challenge and the way forward.
] Immunol Res., 2015:503978.

14.Bourgougnon N, Lahaye M, Quemener B,
Chermann JC et al. Annual variation in
composition and in vitro anti-HIV-1 activity
of the sulfated glucuronogalactan from
Schizymenia dubyi (Rhodophyta,
Gigartinales). Journal of Applied Phycology.
1996; 8: 155-161.

15.Rajasulochana P; Dhamotharan R; P
Krishnamoorthy; S Murugesan. Antibacterial
Activity of the Extracts of Marine Red and
Brown Algae. Journal of American Science,
2009; 5(3): 20-25.

16. Mtolera, M.S.P. and Semesi, AK. Antimicrobial
activity of extracts from six green algae from
Tanzania. In: Current Trends in Marine
Botanical Research in the East African Region
(eds M. Bjérk, A.K. Semesi, M. Pedersen and
B. Bergman). Gotab AB, Uppsala, Sweden,
1996; pp. 211-217.

17.Taskin, E., Ozturk, M., Taskin, E. and Kurt, O.
Antibacterial Activities of Some Marine Algae
from the Aegean Sea (Turkey). African



Sivak Elena et al

Entomol. Appl. Sci. Lett., 2018, 5 (3):85-90

Journal of Biotechnology, 2007; 6: 2746-
2751.

18.Lahaye M. Marine algae as sources of fibres:
Determination of soluble and insoluble
dietary fibre contents in some ‘sea
vegetables’. J. Sci. Food Agric., 1999; 54, 587-
594.

19.Darcy-Vrillon B. Nutritional aspects of the
developing use of marine macroalgae for the
human food industry. Int. J. Food Sci. Nutr.
1993; 44: 523-535.

20.Burkholder PR., Burkholder LM., Almodovar
LR. Antibiotic activity of some marine algae
of Puerto Rico. Bot. Mar. 1960; 2: 149- 156.

21.Richards JT; Kern ER; Glasgow LA; Overall |C;
Deign EF; Melvin MT. Antiviral Activity of
Extracts from Marine Algae. Antimicrobial
Agents Chemother. 1978; 14, 24-30.

22.0umaskour K, Boujaber N, Etahiri §S;
Assobhei 0. Screening of antibacterial and
antifungal activities in green and brown
algae from the coast of Sidi Bouzid (El Jadida,
Morocco). African Journal of Biotechnology,
2012;11(104): 16831-16837.

23.Yasantha A; Ki-Wan L; Se-Kwon K; You-Jin J.
Anticoagulant activity of marine green and
brown algae collected from Jeju Island in
Korea. Bioresour. Technol.,, 2007; 98: 1711-
1716.

24. Abirami RG; Kowsalya S. Anticancer Activity
of Methanolic and Aqueous Extract of Ulva
Fasciata In Albino Mice. International Journal
of Pharmacy and Pharmaceutical Science,
2012; 4(2): 681-684.

25.Boonchum W; Peerapornpisal Y;
Kanjanapathi D; Pekkoh ]J; Amornlerdpison
D; Pumas C; Sangpaiboon P;
Vacharapiyasophon P. Antimicrobial and
anti-inflammatory properties of various
seaweeds from the gulf of Thailand. Int. .
Agric. Biol., 2011; 13: 100-104.

26.Matsukawa, R., Dubinsky, Z., Kishimoto, E.,
Masaki, K., Masuda, Y., Takeuchi, T., Chihara,
M., Yamamoto, Y. Niki, E. and Karube, I
1997. A comparison of screening methods
for antioxidant activity in seaweeds. Journal
of Applied Phycology 9: 29-35.

27.Khan, N, Afaq, F. and Mukhtar, H. 2008.
Cancer chemoprevention through dietary
antioxidants  progress and  promise.
Antioxidants & Redox Signaling 10(3): 475-
510.

28.Chew, Y. L., Lim, Y. Y., Omar, M. and Khoo, K.
S. 2008. Antioxidant activity of three edible

89

seaweeds from two areas in South East Asia.
LWT 41: 1067-1072.

29.Manivannan, K., Thirumaran, G., Devi, G. K.,
Anantharaman, P. and Balasubramanian, T.
2009. Proximate Composition of Different
Group of Seaweeds from Vedalai Coastal
Waters (Gulf of Mannar): Southeast Coast of
India. Middle-East Journal of Scientific
Research 4(2): 72-77.

30.Kumar, K. S., Ganesan, K. and Subba Rao, P. V.
2008. Antioxidant potential of solvent
extracts of Kappaphycus alvarezii (Doty)
Doty - An edible seaweed. Food Chemistry
107: 289-295.

31.Shannon E, Abu-Ghannam N. Antibacterial
derivatives of marine algae: An overview of
pharmacological mechanisms and
applications. Marine Drugs. 2016; 14(4):81.

32.Falaise C, Francois C, Travers MA, Morga B,
Haure ], Tremblay R, Leignel V. Antimicrobial
Compounds from Eukaryotic Microalgae
against Human Pathogens and Diseases in
Aquaculture. Marine drugs. 2016; 14(9):159.

33.Gyawali R, Ibrahim SA. Natural products as
antimicrobial agents. Food control. 2014;
46:412-429.

34.Bourgougnon N. Anti-HIV compounds from
red seaweeds. Biomaterials and
bioprocessing, Vol. 9. Recent advances in
marine biotechnology. Science Publishers,
Enfield. 2003; 165-206.

35.Park SH, Song JH, Kim T, Shin WS, Park GM,
Lee S, Kwon DH. Anti-human rhinoviral
activity of polybromocatechol compounds
isolated from the Rhodophyta,
Neorhodomela aculeata. Marine drugs. 2012;
10(10):2222-2233.

36.Plouguerné E, loannou E, Georgantea P,
Vagias C, Roussis V, Hellio C, et al. Anti-
microfouling activity of lipidic metabolites
from the invasive brown alga Sargassum
muticum  (Yendo)  Fensholt.  Marine
Biotechnology. 2010; 12(1):52-61.

37.Adhikari U, Mateu CG, Chattopadhyay K,
Pujol CA, Damonte EB, Ray B. Structure and
antiviral activity of sulfated fucans from
Stoechospermum marginatum.
Phytochemistry. 2006; 67:2474-2482.

38.Saha S, Navid MH, Bandyopadhyay SS,
Schnitzler P, Ray B. Sulfated polysaccharides
from Laminaria angustata: Structural
features and in vitro antiviral activities.
Carbohydrate Polymers. 2012; 87:123-130.



Sivak Elena et al

Entomol. Appl. Sci. Lett., 2018, 5 (3):85-90

39.Kaaria PK, Matiru VN, Wakibia ]G, Ndung’'u M
W, Bii CC. Evaluation of antibacterial and
antifungal activity of macro algae associated
microbes from the Northern and Southern
coast of Kenya. Journal of Microbiology and
Biotechnology Research. 2017; 5(5):7-13.

40.Liu AH, Liu DQ, Liang T], Yu XQ, Feng MT, Yao
LG, et al. Caulerprenylols A and B, two rare
antifungal prenylated para-xylenes from the
green alga Caulerpa racemosa. Bioorganic &
Medicinal Chemistry Letters. 2013;
23(9):2491-2494.

41.Kladi, M., Vagias, C., Stavri, M., M. Rahman,
M.M., Gibbons, S. and Roussisa, V. 2008,
Phytochem. Lett.,, 1(1), 31-36.

42.Dos Santos A.0, Veiga-Santos P. Ueda-
Nakamura, T. Filho, B.P., Sudatti, D.B,
Bianco, E.M., Pereira, R.C, and Nakamura,
C.V,, 2010, Mar. Drugs, 8(11), 2733-2743.

43. Suzuki, M., Daitoh, M., Vairappan, C.S., Abe, T.,
and Masuda, M., 2001, ]J. Nat. Prod., 64(5),
597-602.

44.Vairappan, C.S,, Ishii, T., Lee, T.K., Suzuki, M.,
and Zhaoqji, Z., 2010, Mar. Drugs, 8(6), 1743-
1749.

45, Wahidulla, S., D'Souza, L., and Govenker, M.,
1998, Phytochemistry, 48(7), 1203-1206.
46.Lang, K.L., Palermo, J.A., Falkenberg, M., and
Schenkel, E.P., 2007, Biochem. Syst. Ecol,

35,805-808.

47.Prakash, O., Roy, R, and Bhakuni, D.S., 1989,
J.Nat. Prod., 52(4), 686-692.

48.Marinho-Sariano, E., 2001, ]. Biotechnol,
89(1),81-84.

49, Francavilla, M., Franchi, M., Monteleone, M.,
and Caroppo, C, 2013, Mar. Drugs, 11(10),
3754-3776.

50.Andriamanatoanina, H. Chambat, G. and
Rinaudo, M., 2007, Carbohydr. Polym., 68,
77-88.

51.Paul, N.A, de Nys, R, and Steinberg, P.D,,
2006, Mar. Ecol. Prog. Ser., 306, 87-101.

90



