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ABSTRACT:  

Marine macroalgae are commonly known as seaweeds. They have been traditionally used as an edible 

food source enriched with nutrients such as vitamins, minerals, and fibers and low calories. Seaweeds 

produce bioactive substances like alkaloids, polysaccharides, polyenes, polyunsaturated fatty acids 

(PUFA), peptides, and proteins. The inappropriate use of antifungal medications to treat fungi infections 

has led to increasing resistance in the fungi that are being treated. Currently, there are only a few 

antifungal medicines available for use in therapy for fungal infections. In recent times most researchers 

have been interested in formulating newer antifungal compounds from natural ecosystems. The antifungal 

compounds exhibited by marine macroalgae and extraction methods of biologically active compounds 

from marine seaweeds are discussed in this review. The data included in this article are extracted from 

Google Scholar, PubMed, and NCBI from the years 2010 to 2023 by using keywords such as Marine 

macroalgae, antifungal compounds, seaweed, and extraction methods. 

 

1. Introduction 

 Earth being surrounded 70% by seawater, has a marine 

ecosystem which is the home of various diverse species 

like algae, sponges’ chitosan to name a few. These 

marine living organisms produce several bio-active 

compounds have been found and commercially utilized. 

[1,2] Kingdom plantae includes Algae, that comprises 

of two major groups, microalgae and microalgae. 

Macroalgae have been traditionally used for nutritional 

and medicinal properties. Seaweed or marine 

macroalgae can produce metabolites that exhibit various 

biological activities.[4,5,6] The most common 

classification of macroalgae is Chlorophyceae (green), 

Rhodophyceae (red), and Phaeophyceae (brown) based 

on their pigmentation. Macroalgae produce bioactive 

substances like alkaloids, polysaccharides, polyenes, 

polyunsaturated fatty acids (PUFA), peptides, and 

proteins. [8,9] multi-drug resistant organisms are 

resistant to most synthetic antibiotics. To address this 

issue, developing novel, effective and alternative drugs 

are crucial. Ulva Lactuca, the edible green algae has 

been described for the antimicrobial activity of its 

acrylic acid content way back in 2008. [10] This article 

reviews the macroalgae exhibiting antifungal effects of 

marine macroalgae and extraction methods of 

biologically active compounds. 

2. Methods 

This methodical comprehensive review was conducted 

across various scientific databases including PubMed, 

Scopus, and Google Scholar employing keywords like 

Marine macroalgae, antifungal compounds, seaweed, 

and extraction methods. Research studies published 

from 2000 and 2023 were included in this review. 

3. Antifungal compounds from brown algae: 

 Brown algae are mostly distributed in the marine 

environment with less than 1% being found in 

freshwater. The Phaeophyceae are called brown algae 

as they contain a brown-coloured pigments which is 

carotenoid in nature and fucoxanthin. In addition, some 

species, produce various Phaeophyceae tannins.[11] 

The brown algae have diverse nutritional values and 

medicinal values. In recent days the compounds present 

in the macroalgae shows an increase in their 

antimicrobial and bioactive activity, this leads to the 

development of novel antibiotics with comparably 
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fewer side effects and are more cost-effective than the 

synthetic drug The study shows Padina gymnospora 

(brown algae) extract strongly inhibits the Cryptococcus 

neoformans with a MIC value of 23.00±1.78 and 

Turbinaria conoides acetone extract produces a mild 

inhibitory effect against Aspergillus niger with a MIC 

value of 3.00±0.89.[12] Purified phlorotannins were 

extracted from algae Fucus spiralis, Cystoseira 

nodicaulis, and Cystseira usneoides, the ergosterol 

contained in yeast and dermatophytes were effectively 

reduced by this extract, respectively.  Phlorotannin’s 

extract purified from F. spiralis decreases the amount of 

chitin present in cell wall of Candida albicans, 

Epidermophyton floccosum, and Trichophyton 

rubrum.[13] Several bio-active compounds obtained 

from Phaeophycea also known as brown algae led to 

developments in the synthesis of novel therapeutic 

drugs and food supplements. The lipid present in brown 

seaweeds like Sargassum horneri and Saccharina 

japonica, was purified with acetone-methanol mix 

extraction and on testing showed antifungal action 

against the yeast Candida albicans and mold 

Aspergillus brasiliensis.[14] Lobophorolide is an 

antifungal compound isolated from Lobophora 

variegate. Lobophorolide shows inhibitory action 

against Amphotericin-resistant Candida albicans.[15] 

The Metaterpenoid methoxybifurcarenone 138 is a 

compound that has both anti-bacterial and anti-fungal 

activity, that was purified from Cystoseira 

tamariscifolia.[36] Pressurized liquid extracted from 

Himanthalia elongate had an antifungal effect on 

Aspergillus niger and C. albicans.[16]   

4. Antifungal compounds from red algae: 

Rhodophyceae is also known as red algae because of 

their phycobilin pigments. Rhodophyceae is the largest 

class of algae containing bioactive compounds which 

are applied in biotechnology industries and various food 

supplement formulae. Numerous significant bioactive 

compounds have been reported in red algae. [17] The 

Microsporum canis and Trichophyton verrucosum rate 

of colonies development are reduced by Dilsea carnosa 

(commonly referred to as sea belt), Laurencia 

pinnatifida , Polysiphonia lanosa , and Odonthalia 

dentata extraction with alteration in levels of inhibitory 

activity.[18] Rhodomela confervoides (red algae) have 

the highest inhibiting effect against Candida albicans 

and Mucor ramaniannus, this was evaluated by the disc 

diffusion method.[19] Laurencia dendroidea (red algae) 

extract effectively resists the Candida lagenarium 

growth and compounds were identified as terpenes 

neophytadiene, ester ethyl hexadecanoate, obtusol 

elatol; and cartilagineol.[20] The Methyl4-{(2,5-

dibromo-3,4-dihydroxidebenzyne)[2,3,6-tribrom-4,5-

dihydoxybenzyl)carbamoyl] amino} butanoate is a 

compound purified from Symphyocladia latiuscula for 

antifungal effect against Candida albicans and its 

Minimum inhibitory concerntation value is 

37.5microgram per milli liter.[21] Venkataraghavan 

Raghunathan et al, 2019 reported that Eicosanoic acid 

purified from Gracilaria corticate has an inhibitory 

effect against Candida albicans and Candida 

dubliniensis.[22] An oleic acid compound isolated from 

Gracilaria corticate was also effective against Candida 

albicans and Aspergillus spp.[23] The Bromo 

phenol,2,3,6-tri bromo -4,5-dihydroxy benzoyl 

methylsulphoxide has been purified from 

Symphyocladia latiusculathat and shows antifungal 

spectrum against Candida albicans.[24] Lane.et.al.,  

reported that callophycoic acids and bromoplides were 

extracted from(Fijian red alga) Callophycus serratus 

and these compounds inhibits the growth of marine 

pathogen L.thalassiae. Cholestane and aldehyde 

derivative compounds extracted from Laurencia 

papillosa show an inhibitory effect on Candida 

albicans, and Aspergillus. fumigatus and A. flavus.[25] 

Julio Cesar Fernandes et.al. 2012 reported that the 

terpenes   Neophytadiene(C20H38),cartilagineol 

(C15H23Br2ClO), and ester ethyl palmitate were 

purified from Laurencia dendroidea inhibit the growth 

of Candida lagenarium. [26]. 

5. Antifungal activity of green algae: 

 Green macroalgae are in the phylum Chlorophyta. 

Pigments in Chlorophyta are carotene, xanthophylls, 

and chlorophylls a and b. In recent days U.intestinalis, 

U.lactuca, and Codium sp. extracts were 

commercialized.[27] Caulerprenylols A (1) and B (2) 

are the two novel prenylated para-xylene compounds 

that are purified from the green algae Caulerpa 

racemose. These compounds have been shown a broad 

antifungal spectrum against yeast Candida glabrata, 

Dermatophytes Trichophyton rubrum, and yeast-like 

fungi Cryptococcus neoformans in in-vitro bioassay. 

When compared with commercially available 

amphotericin B, caulerprenylols A and B show effective 
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activity.[28] Among tropical green algae Penicillus 

capitatus contains Capisterones A, Capisterones B and 

triterpene sulfate esters compounds. The capisterones 

exhibit inhibitory activity against the Lindra thallasiae, 

an aquatic pathogen of various sea grasses.[29] 

Cladophoropsissp., Tydemaniasp., and Ulva prolifera 

are the species of green algae. These algal extracts were 

purified and introduced against asthmatic fungal 

pathogens. Among these, the algal extracts of Ulva 

prolifera have shown effective antifungal activity.[30] 

Walters D et al. 2004 have reported that the Linoleic 

acids extracted from Ulva fasciata reduced the mycelial 

growth of R. solani and C. perniciosa. Acetone extract 

of Enteromorpha intestinalis reduces the development 

of filamentous fungus Aspergillus flavus, Aspergillus. 

fumigatus, and yeast Candida albicans. Ulva Lactuca, 

green algae have vast commercial applications, the 

Methanolic extract of Ulva Lactuca has an inhibitory 

effect against Mucor ramaniannus and Candida 

albicans. 

 

Algal     

extract 

Antifungal 

Compounds 

Organis

m 

Reference 

Symphyocladia 

latiuscula 

Methyl4-{(2,5-

dibromo-3,4-

dihydroxidebenzyne

)[2,3,6-tribrom-4,5-

dihydoxybenzylcarb

amoyl] amino} 

butanoate 

Candida 

albicans   

Xiuili Xu 

et.al,2014 

Symphyocladia 

latiuscula 

2,5-dibromo-3,4-

dihydroxy-6-(2,3,6-

tribro-mo-4,5-

dihydroxybenzyl) 

benzyl methyl ether  

Candida 

albicans   

Xiuili Xu 

et.al,2014 

Gracilaria 

corticata 

Eicosanoic acid  Candida 

albicans 

and 

Candida 

dublinien

sis 

Venkataragha

van ragunathn 

et.al,2019 

Gracilaria 

corticata 

Oleic acid  Candida 

albicans 

and 

Aspergilll

us spp., 

Liu et.al,2017 

Lobophora 

variegata 

Lobophorolide Amphote

ricin-

resistant-

Ebaa M. EI-

Hossary 

strain 

Candida 

albicans 

et.al.,2016 

Symphyocladia 

latiuscula 

Bromophenol,2,3,6-

tribromoo-4,5-

dihydroxybenzylmet

hyl sulphoxide  

C.albican

s 

Xu et. al,2012 

Penicillius 

capitatus 

Capisterones A and 

B 

Linder 

thallasiae 

Ebaa M. EI-

Hossary 

et.al.,2016 

Fucus spiralis Phlorotannins C.albican

s,Epider

mophyton 

floccosu

m and 

Trichoph

yton 

rubrum   

Lopes 

et.al,2013 

Cystoseira 

nodicaulis 

Phlorotannins C.albican

s 

Lopes 

et.al,2013 

Caulerpa 

racemosa  

Caulerprenylols A 

and B 

Candida 

glabrata, 

Cryptoco

ccus 

neoforma

ns                                                                                                                                                                                                                                                                                                                                                           

and 

Trichoph

yton 

rubrum   

Liu et.al,2013 

Gambierdiscus 

toxicus 

Gambieric acids A 

and B 

  

Aspergill

us.niger 

Sato and 

Sasaki 2005 

Callophycus 

serratus 

Callophycoic acids  

And 

bromophycolides 

 Lindra 

thalassia

e 

Lane et 

al.2009 

Ulva fasciata Linoleic acids reduced 

mycelial 

growth of 

R. solani 

and C. 

pernicios

a 

Walters D et 

al.,2004 
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Laurencia 

papillosa 

Cholestane 

derivative 3⍺,6⍺-

dihydroxy-5beta-

cholestan-12-one 

and aldehyde 

derivative (E)-2-

{(E) tridec-2-en-2-

yl} heptadec-2-enal 

C. 

albicans, 

A. 

fumigatus

, and A. 

flavus. 

Alarif 

et.al.2011 

Saccharina 

japonica and 

Sargassum 

horneri 

Oil contents purified 

with acetone-

methanol mix 

extraction. 

C. 

Albicans 

and 

Aspergill

us 

brasiliens

is 

Saravana 

periaswamy 

et.al.,2015 

Rhodomela 

confervoides 

Methanolic extract Candida 

albicans 

and 

Mucor 

ramanian

nus 

K Saidani et 

al.,2012 

Laurencia 

dendroidea 

The terpenes 

neophytadiene, 

cartilagineol, 

obtusol elatol; and 

the ester ethyl 

hexadecanoate 

Candida 

lagenariu

m 

Julio Cesar 

fernandes 

et.al., 2012 

Enteromorpha 

intestinalis 

  Acetone extract A. flavus, 

A. 

fumigatus 

and      C. 

albicans 

Kosanic et.al., 

2015 

Himanthalia 

elongata 

Pressurized liquid 

extract 

Aspergill

us niger 

and              

C. 

albicans 

Plaza et.al., 

2010 

Cystoseira 

tamariscifolia 

Metaterpenoid 

methoxybifurcareno

ne 

Botrytis 

cinerea, 

Fusarium 

oxysporu

m, and 

verticilliu

m 

alboatru

m.  

Hakim and 

patel et.al, 

2020 

Table 1: Antifungal compounds from different marine 

macroalgae 

6. Anti-fungal compounds extraction techniques 

from marine macroalgae: 

In the purification of antifungal compounds from the 

macroalgae, it is necessary to identify and employ a 

specific method for compound extraction. Supercritical 

fluid extraction, Ultrasound assisted extraction, and 

Micro-wave assisted extraction are the usual methods 

for purification of biologically active compounds from 

natural source. 

6.1 Super-critical Fluid Extraction (SFE): 

 Super-critical fluid extraction is a method of separating 

a specific component from the mixture of extracts by 

using supercritical fluids as solvent. Predominantly 

CO2 is a super-critical fluid because of its non-toxic, 

odorless, tasteless, and cost-effective and its high 

diffusion coefficient. Carbon dioxide can be sometimes 

altered with cosolvents like methanol nor ethanol. Since 

CO2 is non-polar solvent only the nonpolar compounds 

can be extracted in this extraction method.[31] Due to 

the low velocity of supercritical fluids, there is an 

effective extraction of a specific component and high 

yield. The operating temperature is at 40-80 ℃ and 25-

40 MPa Pressure. SFE-CO2 is used in food, 

pharmaceuticals, and nutritional Industry applications 

due to its non-toxic properties and can be easily 

removed from the product. Phenolic compounds and 

carotenoids are mostly isolated from marine macroalgae 

reported by SFE- CO2 extraction. The brown algae 

Saccharina japonica and Sargassum horneri were 

extracted by the SC-CO2 method, it has antioxidant, 

antimicrobial, and antihypertensive active 

compounds.[14] These extracts showed potential anti-

bacterial activity against Staphylococcus aureus, 

Bacillus cereus, Listeria monocytogenes, Escherichia 

coli, and antifungal spectrum against Candida albicans, 

and Aspergillus brasiliensis. 

6.2 Ultra Sound Assisted Extraction (UAE): 

 In Ultrasound assisted extraction (UAE) the separation 

of components can be done by use of ultrasound waves 

ranges greater than 20 kHz upto100 kHz. The 

ultrasound-assisted extraction produced ultrasound 

waves which created bubbles and cavitation.[32] These 

bubbles cause pores in the cell membrane; this 

occurrence is known as sonoporation. The opening up 

of the biological matrix leads to an increase in bioactive 
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compounds. Based on the path, the ultrasound wave 

distracts the sample the operating conditions are of two 

types indirect sonification (ultrasonic bath) and direct 

sonification (ultrasonic probe). The different solvents 

used in UAE are ethanol, distilled water, and methanol. 

The study shows that biological compounds purified 

from algae by UAE is the most feasible extraction 

method for the purification of biological 

compounds.[33]  

6.3 Microwave-Assisted Extraction (MAE): 

 The MAE method uses microwave energy to heat the 

solvent-sample mixture and to partition analytes from 

the sample matrix into the solvent. When applying the 

non-ionizing electromagnetic wave frequency ranging 

from 300 MHz- 300 GHz to the sample matrix the 

structure of the cell disrupts. MAE is an automated 

technique for extraction that has multiple advantages 

such as there is the possibility that multiple samples can 

be extracted simultaneously and it able to rapidly heat 

the mixture of sample-solvent.[34] Because of its low 

solvent conception, rapid extraction, and high extraction 

efficiency, the MAE is widely used for pharmaceutical 

analysis, food inspection, environmental detection,  and 

agricultural sample analysis, as a sample preparation 

technique.[35] The parameters for Microwave-assisted 

extraction are sample size, the volume of solvent to 

extract, temperature to be maintained, duration of 

extraction, and frequency of the microwave should be 

standardized for efficient extraction.  

Conclusion:     

 Among different marine sources, macroalgae biomass 

has been appraised as an easily available source for a 

broad range of biologically active substances. Marine 

macroalgae have a promising role in the production of 

novel antimicrobial compounds and they have been 

widely utilized in biotechnology and pharmacology 

industries. Moreover, compounds having antifungal 

properties extracted from algae can be subjected to 

extensive in vivo studies for the development of 

effective antifungal drugs.  

REFERENCE: 

1. Barbosa, F.; Pinto, E.; Kijjoa, A.; Pinto, M.; Sousa, 

E. Targeting antimicrobial drug resistance with 

marine natural products. Int. J. Antimicrob. Agents 

2020, 5, 106005.  

2. Gnanavel, V.; Roopan, S.M.; Rajeshkumar, S. 

Aquaculture: An overview of the chemical 

ecology of seaweeds (food species) in natural 

products. Aquaculture 2019, 507, 1–6.  

3. Lourenço-Lopes, C.; Fraga-Corral, M.; Jimenez-

Lopez, C.; Pereira, A.G.; Garcia-Oliveira, P.; 

Carpena, M.; Prieto, M.A.; Simal-Gandara, J. 

Metabolites from Macroalgae and Its Applications 

in the Cosmetic Industry: A Circular Economy 

Approach. Resources 2020, 9, 101.  

4..Leandro, A.; Pereira, L.; Gonçalves, A.M.M. 

Diverse applications of marine macroalgae. Mar. 

Drugs 2020, 18, 17.  

5. Gamal, AAE. Biological importance of marine 

algae. Saudi Pharmaceut. J. 2010, 18, 1–25. 

6. Mohamed, S., Hashim, S.N., Rahman, A.H. 

Seaweeds: A sustainable functional food for 

complementary and alternative therapy. Trends in 

Food Sci. and Technol. 2012, 23, 83–96. 

7..Roussis, V.; Rapti, T.; Vagias, C.; Harvala, C.; 

Caberi, H. Volatile metabolites of the green alga 

U. rigida (CAg). J. of Essential Oil Res. 2000, 12, 

201–204. 

8. Cabrita, M.; Vale, C.; Rauter, A. Halogenated 

compounds from marine algae. Mar. Drugs 2010, 

8, 2301–2317. DOI: 10.3390/md8082301.  

9. Michalak, I.; Chojnacka, K. Algae as production 

systems of bioactive compounds. Eng. Life Sci. 

2015, 15, 160–176. DOI: 10.1002/elsc.201400191.  

10. El Yamany, K.N.M. Studies on some marine 

macroalgae isolated from Red Seashores (Quseir, 

Marsa Alam), Egypt. M.Sc. Thesis, Faculty of 

Science Beni-Suef University, Beni-Suef, Egypt, 

2008. 

11.Van den Hoek, C.; Mann, D.G.; Jahns, H.M. 

Algae. An introduction to phycology. Cambridge 

Univ. Press, Cambridge, U.K, 1995. 

12. Manivannan, K.; Karthikai Devi, G.; 

Anantharaman, P.; Balasubramanian, T. 

Antimicrobial potential of selected brown 

seaweeds from Vedalai coastal waters, Gulf of 

Mannar. Asian Pac. J. Trop. Biomed. 2011, 1, 

114–120. 

13. Lopes, G.; Pinto, E.; Andrade, P.B.; Valentão, P. 

Antifungal Activity of Phlorotannins against 

Dermatophytes and Yeasts: Approaches to the 

Mechanism of Action and Influence on Candida 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(2), 1440-1446 | ISSN:2251-6727 

 
 

 

1445 

albicans Virulence Factor. PLOS ONE 2013, 8, 

e72203. 

14. Periaswamy Sivagnanam, S.; Yin, S.; Choi, J.H.; 

Park, Y.B.; Woo, H.C.; Chun, B.S. Biological 

Properties of Fucoxanthin in Oil Recovered from 

Two Brown Seaweeds Using Supercritical CO2 

Extraction. Mar. Drugs 2015, 13, 3422–3442. 

15. Kubanek, J.; Jensen, P.R.; Keifer, P.A.; Sullards, 

M.C.; Collins, D.O.; Fenical, W. Seaweed 

resistance to microbial attack: a targeted chemical 

defense against marine fungi. Proc. Natl. Acad. 

Sci. USA 2003, 100, 6916–6921. 

16.Plaza, M.; Santoyo, S.; Jaime, L.; Garcia-Blairsy 

Reina, G.; Herrero, M.; Senorans, F.J.; Ibanez, E. 

Screening for bioactive compounds from algae. J. 

Pharm. Biomed. Anal. 2010, 51, 450–455. DOI: 

10.1016/j.jpba.2009.03.016. Epub 2009 Mar 25. 

17.Aziz, E.; Batool, R.; Khan, M.U.; Rauf, A.; 

Akhtar, W.; Heydari, M.; Rehman, S.; Shahzad, 

T.; Malik, A.; Mosavat, S.H.; Plygun, S.; Shariati, 

M.A. An overview on red algae bioactive 

compounds and their pharmaceutical applications. 

J. Complement. Integr. Med. 2020, 17, 20190203. 

18. Tariq, V.-N. Antifungal activity in crude    extracts 

of marine red algae. Mycol. Res. 1991,   95, 12. 

 19. Saidani, K.; Bedjou, F.; Benabdesselam, F.;    

Touati, N. Antifungal activity of methanolic 

extracts of four Algerian marine algae species. 

Afr. J. Biotechnol. 2012, 11, 39. 

20. Peres, J.C.F.; Carvalho, L.R.; Gonçalez, E.;   

Berian, L.O.S.; Felicio, J.D. Evaluation of 

antifungal activity of seaweed extracts. Rev. Bras. 

Farmacogn. 2012, 22, 595–600. 

21. Xu, X.; Yin, L.; Gao, J.; Gao, L.; Song, F. 

Antifungal Bromophenols from Marine Red Alga 

Symphyocladia latiuscula. Chem. Biodivers. 2014, 

11, 807–811. 

22. Ragunathan, V.; Pandurangan, J.; Thiruchelvi, R. 

Gas Chromatography-Mass spectrometry Analysis 

of Methanol Extracts from Marine Red Seaweed 

Gracilaria corticata. Pharmacognosy J. 2019, 11, 

547–554. DOI: 10.5530/pj.2019.11.87. 

23. Liu, X.; Ma, Z.; Zhang, J.; Yang, L. Antifungal 

Compounds against Candida Infections from 

Traditional Chinese Medicine. BioMed Res. Int. 

2017, 2017, 3185. 

24. Xu, X.; Yin, L.; Gao, J.; Gao, L.; Song, F. 

Antifungal Bromophenols from Marine Red Alga 

Symphyocladia latiuscula. Chemistry & 

Biodiversity 2014, 11(5), 807-811. 

25. Alarif, W.M.; Al-Lihaibi, S.S.; Abdel-Lateff, A.; 

Ayyad, S.E. New antifungal cholestane and 

aldehyde derivatives from the red alga Laurencia 

papillosa. Nat. Prod. Commun. 2011, 6, 1821–

1824. 

26. Peres, J.C.F.; Carvalho, L.R.; Gonçalez, E.; 

Berian, L.O.S.; Felicio, J.D. Evaluation of 

antifungal activity of seaweed extracts. Rev. Bras. 

Farmacogn. 2012, 36(3), June. 

27. Craigie, J.S. Seaweed extract stimuli in plant 

science and agriculture. J. Appl. Phycol. 2015, 23, 

371–393. 

28.Liu, A.H.; Liu, D.Q.; Liang, T.J.; Yu, X.Q.; Feng, 

M.T.; Yao, L.G.; Fang, Y.; Wang, B.; Feng, L.H.; 

Zhang, M.X.; Mao, S.C. Caulerprenylols A and B, 

two rare antifungal prenylated para-xylenes from 

the green   alga Caulerpa racemosa. Bioorg Med 

Chem    Lett 2013, 23, 2491-2494. 

29. Puglisi, M.P.; Tan, L.T.; Jensen, P.R.; Fenical, W. 

Capisterones A and B from the tropical green alga 

Penicillus capitatus: unexpected anti-fungal 

defenses targeting the marine pathogen Lindra 

thallasiae. Tetrahedron 2004, 60(33). 

30. Mickymaray, S.; Alturaiki, W. Antifungal 

Efficacy of Marine Macroalgae against Fungal 

Isolates from Bronchial Asthmatic Cases. 

Molecules 2018, 23, 3032. 

31.Janghel, A.; Deo, S.; Raut, P.; Bhosle, D.; Verma, 

C.; Kumar, S.S.; Agrawal, M.; Amit, N.; Sharma, 

M.; Giri, T.; Tripathi, D.K.; Ajazuddin; 

Alexander, A. Supercritical Fluid Extraction (SFE) 

Techniques as an Innovative Green Technologies 

for the Effective Extraction of the Active 

Phytopharmaceuticals. Res. J. Pharm. and Tech. 

2015, 8(6), 775-786. 

32. Hu, B.; He, M. Extraction Techniques and 

Applications: Biological/Medical and 

Environmental/Forensics. Anal. Techniques for 

Scientists 2012, Volume 3, Pages 365-394. 

33. Cikos, A.-M.; Jokic, S.; Subaric, D.; Jerkovic, I. 

Overview on the Application of Modern Methods 

for the Extraction of Bioactive Compounds from 

Marine Macroalgae. Mar. Drugs 2018, 16, 348. 

34.Llompart, M.; Garcia-Jares, C.; Celeiro, M.; 

Dagnac, T. Extraction | Microwave-Assisted 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(2), 1440-1446 | ISSN:2251-6727 

 
 

 

1446 

Extraction. Encyclopedia of Analytical Science 

2005, Pages 584-591. 

 35. Liu, R.; Guo, C.; Feng, M. et al. Efficient 

microwave-assisted extraction of salidroside                 

from Rhodiola crenulata. SN Appl. Sci. 2021, 3, 

93. 

36. Hakim; Patel. A review on                

phytoconstituents of marine brown algae.                 

Future J. Pharm. Sci. 2020, 6, 129. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.jchr.org/

