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Abstract. Seaweeds are an abundant and sustainable source of bioactive compounds, with growing 

interest in their potential as natural antibacterial agents. This study investigates the antibacterial 

properties of three distinct seaweed species: Ulva intestinalis Linnaeus, 1753, Galaxaura rugosa (J. Ellis 

& Solander) J.V.Lamouroux, 1816, and Halimeda opuntia (Linnaeus) J.V.Lamouroux, 1816. Comparative 

analysis revealed that the species had different levels of antibacterial activity. The chloroform and 
methanol extracts of Galaxaura rugosa were the most significant against Staphylococcus aureus, Bacillus 

subtilis, and Vibrio eltor, with inhibition zones ranging from 8 mm to 10.5 mm, followed by the methanol 

extract of Ulva intestinalis, which ranged from 8.1 mm to 9.1 mm. The methanol extract of Halimeda 

opuntia only showed an 8.7 mm inhibition zone against Vibrio eltor. The findings highlight the potential 

of these seaweeds as sources of natural antibacterial agents and provide insights for further exploration 

of their applications in pharmaceutical and biotechnological fields. 

Key Words: antibacterial, seaweed, Halimeda opuntia, Galaxaura rugosa, Ulva intestinalis, West Nusa 

Tenggara.  
 

 

Introduction. The increasing frequency of antibiotic-resistant infections has necessitated 
an urgent quest for new antibacterial medicines (Shannon & Abu-Ghannam 2016; World 

Health Organization 2022; Tania et al 2023; Belluz 2024). Natural sources, particularly 
marine habitats, are progressively investigated for bioactive compounds. Seaweeds have 

considerable ecological and commercial importance. Located in global coastal waters, they 

are recognized for generating a variety of bioactive substances, such as polysaccharides, 
phenolics, terpenoids, and flavonoids, which demonstrate antibacterial characteristics 

(Shannon & Abu-Ghannam 2016; Rocha et al 2018; Cotas et al 2020; Afzal et al 2023; 
Bouzenad et al 2024). 

Seaweeds are classified into three primary groups according to coloration and 

biochemical composition: green (Chlorophyta), brown (Phaeophyta), and red (Rhodophyta) 
(El-Beltagi et al 2022; Baghel et al 2023) Each class generates distinct bioactive 

metabolites that enhance its antibacterial characteristics. Green seaweeds are abundant in 

chlorophyll and fatty acids, whereas brown seaweeds possess phlorotannin and fucoidans, 
and their sulfated polysaccharides distinguish red seaweeds. These compounds shield 

seaweeds from microbial invasion in marine ecosystems and exhibit potential as 
therapeutic agents against bacterial illnesses in people and animals (Cardoso et al 2019; 

Cermeno et al 2020; Yang et al 2021). Researchers have already shown that seaweed 

extracts can kill Gram-positive and Gram-negative bacteria, including types used in 
medicine, like S. aureus and E. coli. The action methods are diverse, encompassing the 

rupture of bacterial cell membranes and the suppression of protein and DNA synthesis. The 
findings indicate that seaweeds may provide a substantial source of antibacterial agents, 

potentially overcoming the limits of traditional antibiotics (Perez et al 2016; Shannon & 

Abu-Ghannam 2016). Nevertheless, comparative studies on various seaweed species and 
their antibacterial effectiveness remain scarce, warranting additional study (Kumar & 

Granesan 2018). 
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This study aims to provide insight into the antibacterial potential of three distinct seaweed 

species, U. intestinalis, G. rugosa, and H. opuntia, collected from West Nusa Tenggara 
waters, Indonesia, through a comparative study of their bioactivity. The study results are 

expected to provide insights into the prospective application of the studied seaweed as an 
alternative antibacterial source. 

 

Material and Method 
 

Sample collection. Three selected seaweed species, U. intestinalis, G. rugosa, and H. 

opuntia, were gathered from the coastal waters of West Nusa Tenggara in Indonesia during 
low tide. The seaweed was manually collected and promptly cleaned with seawater to 

remove debris, sand, epiphytes, and extraneous materials adhering to the thalli. 
Subsequently, they were conveyed to the laboratory. The samples were rinsed with distilled 

water to eliminate surface salts. The material was indirectly sun-dried for four days and 

powdered in a blender. Then, it was placed in a dark container and maintained at ambient 
temperature for later examination.  

 
Extraction process. Fifty grams of each seaweed powder were macerated with 500 mL 

of methanol at ambient temperature for three days, with daily agitation. The procedure 

was reiterated using fresh methanol until the filtrate turned colorless. The filtrate was 
further evaporated at 40oC using a rotary evaporator until a viscous extract was obtained 

(Abu et al 2017). The same procedure uses hexane, diethyl ether, and ethanol as solvents. 

 
Antibacterial test. This study tested B. subtilis, S. aureus, E. coli, and V. eltor for 

antibacterial activity. In this method, 20 µL of nutrition broth medium with 10 µL of test 
bacteria in an incubator shaker at 200 rpm for 24 hours at 30oC. Then, up to 20 µL of 

nutrition solution containing bacteria tested was poured into each Petri plate and allowed 

to settle. Each paper disk received 10 µL substance at 1000 µg mL-1 concentration. 
Similarly, using ampicillin (15 µg mL-1) established a positive control. The inhibition zones 

that appeared surrounding each paper disk were measured in millimeters with a 
transparent ruler (Hudzicki 2016).  

 

Results and Discussion 
 

The rising interest in seaweed as an antibacterial agent corresponds with the escalating 
need for sustainable and friendly solutions (Kim & Wijesekaran 2010; Pereira & Cotas 2024; 

Teixeira et al 2024). In contrast to synthetic antibiotics, which can include energy-intensive 

manufacturing methods and may result in environmental pollution, seaweed-derived 
compounds are renewable and biodegradable. Additionally, the utilization of seaweeds is 

consistent with the tenets of blue biotechnology, which promotes the sustainable 

exploitation of marine resources for human advantage (Kim & Wijesekaran 2010).                                                                                                                                                                                                                                                                                                                 
The current study investigated the efficacy of extracts from three seaweed species, 

each exhibiting a unique activity profile. The methanol extract of U. intestinalis and G. 
rugosa slowed the growth of three reference bacteria, namely B. subtilis, S. aureus, and 

V. eltor. The clear zone measurement results ranged from 8.1 mm to 10 mm (Figure 1, 

Figure 2, and Figure 3). Simultaneously, the chloroform extract of G. rugosa exhibited 
action against three reference bacteria, resulting in a clear zone diameter between 8.2 mm 

and 10.5 mm. The diethyl ether extract of G. rugosa showed 8.7 mm inhibition zones for 
B. subtilis and 8.6 mm inhibition zones for V. eltor (Figure 3). The methanol extract of H. 

opuntia worked well against B. subtilis, creating an 8.7 mm-wide clear zone (Figure 2). All 

extracts examined in this study presented no activity against E. coli (Figure 4).  
The findings of this study are close to those of Fayzi et al (2020). This study involved 

the collection of four seaweed species, namely Bifurcaria bifurcata, Coralina officinalis, Ulva 

fasciata, and C. elongata, from the Moroccan Atlantic coast. Both B. bifurcata and U. 
fasciata had clear zones of 8.33 mm to 14.33 mm for S. aureus, B. subtilis, and E. coli in 

their methanolic extracts, but only B. subtilis with a clear zone of 9.66 mm was seen in C. 
officinalis. All the extracts have no activity against P. aeruginosa, while C. elongata has no 
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activity against all the bacteria tested. Similarly, Kolanjinathan et al (2009) reported 

research results on three types of seaweed, Gracilaria edulis, Caulerpa chemnitzia, and 
Hydroclathrus sp., collected from Mandapam waters, India. The ethanol extracts of the 

three seaweeds inhibited the growth of all tested bacteria except B. subtilis and 
Enterobacter aerogenes. The size of the inhibition zone for the three ethanol extracts was 

against the bacteria E. coli (6.8-11.9 mm), S. aureus (9.2-13.7 mm), Streptococcus 

faecalis (8.5-14.9 mm), and P. aeruginosa (7.8-14.9 mm).  
 

 

 
 

 
 

 

 
 

 
 

 

 
 

Figure 1. The antibacterial activity of seaweed extracts against Staphylococcus aureus. 
 
 
 

 

 
 

 

 
 

 
 

 

 
 

 
Figure 2. The antibacterial activity of seaweed extracts against Bacillus subtilis. 

 

 
Figure 3. The antibacterial activity of seaweed extracts against Vibrio eltor. 
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Figure 4. The antibacterial activity of seaweed extracts against Escherichia coli. 

 
Madkour et al (2019) examined the antibacterial potential of three brown seaweeds, 

namely Cystoseira myrica, Turbinaria ornate, and P. pavonica, which were gathered from 

the Red Sea coastline of Egypt. The ethanol and isopropanol extract of T. ornata inhibited 
the growth of S. aureus in 15 mm and 14 mm zones, respectively. The acetone extract of 

T. ornata inhibited the growth of P. aeruginosa by 14.5 mm, the isopropyl alcohol extract 

of C. myrica by 15.5 mm, and the isopropyl alcohol extract of T. ornata by 14.75 mm. 
Srikong et al (2015) investigated the antibacterial activity of two seaweed species, 

U. intestinalis, and Gracilaria fisheri, which were collected from the coastline of Pattani, 
Thailand. The study discovered that U. intestinalis in hexane extract exhibited a significant 

inhibition zone (16.45 mm) against MRSA, followed by E. faecalis and S. aureus, which 

showed an inhibition zone was 13.88 mm and 13.72 mm, respectively. However, it gave 
only a little activity against V. alginolyticus and V. harveyi, with the inhibition zone around 

6.82 mm and 6.78 mm, respectively. Moreover, the hexane extract of G. fishery gave an 
inhibition zone against MRSA (13.47 mm) and S. aureus (13.27 mm).  

 Li et al (2018) reported six species of seaweeds were gathered from the Zhejiang 

coast, namely U. prolifer, U. pertusa, Gloipeltis furcata, Gracilariopsis lemaneiformis, Ishige 
okamurae, and S. fusiforme. All seaweeds showed antibacterial activity against Aeromonas 

hydrophila (7.50-12.25 mm) and S aureus (7.33-10.83 mm). Ulva pertusa, S. fusiforme, 
G. lemaneiformis, and G. furcata showed zones of inhibition to E. coli ranging from 7.00 to 

10.00 mm, while U. prolifera and G. lemaneiformis showed zone inhibition to V. 

alginolyticus at 9.00 and 10.33 mm, respectively. On the other hand, S. fusiforme showed 
activity against P. aeruginosa (7.75 mm) and did not show antibacterial activity against 

the other four tested bacteria.  

Conversely, the methanolic extract of brown seaweed Hydroclathrus clathratus 
taken from the Gulf of Mannar exhibited strong activity against S. aureus (21 mm), B. 

subtilis (18.33 mm), P. aeruginosa (26.33 mm), E. coli (19.32 mm), and Klebsiella 
pneumoniae (18.14 cm) (Vimala & Poonghuzhali 2017).  

 Omar et al (2012) evaluated the antibacterial activity of seven types of seaweed 

harvested from the southern coast of Jeddah, Saudi Arabia. These species were 
Enteromorpha prolifera, Ulva reticulata, Cystosiera myrica, Padina pavonica, Turbinaria 

triquetra, Sargassum portieriatum, and Garcilaria multipartite. It was shown that 
petroleum ether extracts of U. reticulata could inhibit K. pneumoniae, E. coli, and 

methicillin-resistant Staphylococcus aureus (MRSA) bacteria with 23 mm, 25 mm, and 20 

mm clear zones. The ethyl acetate extract of E. prolifera inhibited the growth of MRSA with 
an inhibition zone of 25 mm. Several extracts of U. reticulata simultaneously significantly 

suppressed B. subtilis (17 to 21 mm). Padina pavonica and C. myrica showed inhibition 

zones varied from 11 to 35 mm and 11 to 23 mm, respectively. The highest inhibiting MRSA 
were the methanol and diethyl ether extracts of C. myrica (22 mm and 23 mm), 

respectively, as well as all the extracts of P. pavonica (24 to 35 mm). In 2023, Afrin et al. 
studied six types of seaweed from Saint Martin’s Island, Bangladesh: Hydroclathrus 

clathratus, Padina tetrastromatica, Botryocladia wrightii, Sargassum muticum, Gracilaria 
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parvispora, and Porphyra sp. All methanolic seaweed extracts were significantly more 

effective at killing all four types of bacteria (E. coli, Enterococcus faecalis, S. aureus, and 
Pseudomonas aeruginosa) than those that were ethanolic or acetone-based. Different parts 

of S. muticum, P. tetrastromatica, and H. clathratus were extracted using methanol, 
effectively inhibiting S. aureus and E. faecalis more efficiently. 

 The antibacterial efficacy of seaweeds may be affected by various factors, including 

harvest time, drying method, growth stage, species, the extraction method’s capacity to 
recover active substances, and the extracting solvent (Virnala & Poonghuzhali 2017; 

Madkour et al 2019; Amirsharifi et al 2020; Cabial et al 2021; Nofal et al 2022; Hejna et 

al 2024).  
 

Conclusion. The study revealed that G. rugosa extracts demonstrated the most potent 
antibacterial activity, effectively inhibiting Gram-positive and Gram-negative bacteria. This 

underscores the exceptional potential of G. rugosa as a natural antibacterial agent. U. 

intestinalis and H. opuntia followed as the second and third most effective species, further 
emphasizing the diverse antibacterial capabilities present in seaweeds.  

 The findings are significant not only for their immediate applications but also for 
their broader implications. The demonstrated efficacy of these seaweed extracts offers a 

promising alternative to conventional antibiotics, addressing the growing global concern 

over antibiotic resistance. In addition, the bioactive compounds in seaweed can be used to 
develop new medicines for more than just antibacterial use, but also their potential as 

antifungal, antiviral, or even anti-inflammatory. 

 
References 

 
Abu F., Taib C. N. M., Moklas M. A. M., Akhir S. M., 2017 Antioxidant properties of crude 

extract, partition extract, and fermented medium of Dendrobium sabin flower. 

Evidence-Based Complementary and Alternative Medicine 2017(1):2907219. 
Afrin F., Ahsan T., Mondal M. N., Rasul M. G., Afrin M., Silva A. A., Yuan C., Shah A., 2023 

Evaluation of antioxidant and antibacterial activities of some selected seaweeds 
from Saint Martin’s Island of Bangladesh. Food Chemistry Advances 3:100393. 

Afzal S., Yadav A. K., Poonia A. K., Choure K., Yadav A. N., Pandey A., 2023 Antimicrobial 

therapeutics isolated from algal source: retrospect and prospect. Biologia 78:291-
305. 

Amirsharifi M., Jamili S., Larijani K., Mashinchian M. A., Amini K., 2020 Antimicrobial activity 
of various extracts of Sargassum glaucesceris on the antibiotic resistant organisms. 

Iranian Journal of Fisheries Sciences 19(3):1359-1372. 

Baghel R. S., Choudhary B., Pandey S., Pathak P. K., Patel M. K., Mishra A., 2023 Rehasing 
our insight of seaweeds as a potential source of foods, nutraceuticals, and 

pharmaceuticals. Foods 12(19):3642. 

Belluz J., 2024 Antibiotics are falling. The US has a plan to launch a research renaissance. 
Bouzenad N., Ammouchi N., Chaib N., Messaoudi M., Bousabaa W., Bensouici C., Sawicka 

B., Atanassova M., Ahmad S. F., Zahnit W., 2024 Exploring bioactive components 
and assessing antioxidant and antibacterial activities in five seaweed extracts from 

the Northeastern Coast of Algeria. Marine Drugs 22(6):273. 

Cabial E. M., Oliveira M., Mondala J. R. M., Curtin J., Tiwari B. K., Garcia-Vaquero M., 2021 
Antimicrobials from seaweeds for food application. Marine Drugs 19(4):211. 

Cardoso S. M., Carvalho L. G., Silva P. J., Rodrigues M. S., Pereira O. R., Pereira L., 2019 
Bioproduct from seaweeds: A review with special focus on the Phlorotannins. Marine 

Drugs 17(11):638. 

Cermeno M., Kleekayai T., Amigo-Benavent M., Hamedy-Rothwell P., Fitzgerald R. J., 2020 
Current knowledge on the extraction, purification, identification, and validation of 

bioactive peptides from seaweed. Electrophoresis 41(20):1694-1717. 

Cotas J., Leandro A., Monteiro P., Pacheco D., Figueirinha A., Goncalves A. M. M., Silva G. 
J., Pereira L., 2020 Seaweed phenolics: From extraction to application. Marine Drugs 

18(8):384. 



AACL Bioflux, 2025, Volume 18, Issue 1. 
http://www.bioflux.com.ro/aacl 6 

El-Beltagi H. S., Mohamed A. A., Mohamed H. I., Ramadan K. M. A., Barqawi A. A., Mansour 

A T., Phytochemical and potential properties of seaweeds and their recent 
application: A review. Marine Drugs 20(6):342. 

Fayzi L., Askarne L., Cherifi O., Boufous E. H., Cherifi K., 2020 Comparative antibacterial 
activity of some selected seaweed extracts from Agadir coastal regions in Morocco. 

International Journal of Current Microbiology and Applied Sciences 9:390-399. 

Hejna M., Anno M. D., Liu Y., Rossi L., Aksmann A., Pogorzelski G., Jozwik A., 2024 
Assessment of the antibacterial and antioxidant activities of seaweed-derived 

extracts. Scientific Reports 14(1):21044. 

Hudzicki J., 2016 Kirby-Bauer disk diffusion susceptibility test protocol. American Society 
for Microbiology 6:1-23. 

Kim S. K., Wijesekara I., 2010 Development and biological activities of marine-derived 
bioactive peptides: A review. Journal of Functional Foods 2(1):1-9. 

Kolanjinathan K., Ganesh P., Govindarajan M., 2009 Antibacterial activity of ethanol extracts 

of seaweeds against fish bacterial pathogens. European Review for Medicinal and 
Pharmacological Sciences 13:173-177.  

Kumar C. S. Ganesa P., 2018 Seaweeds as a source of bioactive compounds for the 
treatment of microbial infections. Marine Drugs 16(12):481.  

Li Y., Sun S., Pu X., Yang Y., Zhu F., Zhang S., Xu N., 2018 Evaluation of antimicrobial 

activities of seaweed resources from Zhejiang coast, China. Sustainability 10:2158.  
Madkour F. F., El-Shoubaky G. A., Ebada M. A., 2019 Antibacterial activity of some seaweeds 

from the Red Sea coast of Egypt. Egyptian Journal of Aquatic Biology & Fisheries 

23(2):265-274.  
Nofal A., Azzazy M., Ayyad D., Abdelsalm E., Abousekken M. S., Tammam O., 2022 

Evaluation of the brown alga, Sargassum muticum extract as antimicrobial and 
feeding additives. Brazilian Journal of Biology 84:e259721.  

Omar H.H., Shiekh H. M., Gumgumjee N. M., El-Kazan M. M., El-Gendy A. M., 2012 

Antibacterial activity of extracts of marine algae from the Red Sea of Jeddah, Saudi 
Arabia. African Journal of Biotechnology 11(71):13576-13585. 

Pereira L., Cotas J., 2024 Seaweed: a sustainable solution for greening drug manufacturing 
in the pusuit of sustainable healthcare. Exploration of Drug Science 2:50-84.  

Perez M. J., falque E., Dominguez H., 2016 Antimicrobial action of compounds from marine 

seaweed. Marine Drugs 14(3):52. 
Rocha D. H. A., Seca A. M. L., Pinto D. G. A. 2018 Seaweed secondary metabolites in vitro 

and in vivo anticancer activity. Marine Drugs 16(11):410.  
Shannon E., Abu-Ghannam N., 2016 Antibacterial derivates of marine algae: An overview 

of pharmacological mechanisms and application. Marine Drugs 14(5):81.  

Srikong W., Mituraparp-arthorn P., Rattanaprom O., Bovornreungroj N., Bovornreungroj P., 
2015 Antimicrobial activity of seaweed extracts from Pattani, Southeast coast of 

Thailand. Food and applied Bioscience Journal 3(1):39-49. 

Teixeira D. C., Kokojka F., Kolukuluri R. S., Marsk R. S., Naik A. S., 2024 Deep dive into 
seaweed-based preservations for sustainable production and consumption of meat 

products. Food Reviews International 1-36.  
Vimala T., Poonghuzhali T. V., 2017 In vitro antimicrobial activity of solvent extracts of 

marine brown alga, Hydroclathrus clathratus (C Agardh) M/ Howe from Gulf of 

Mannar. Journal of Applied Pharmaceutical Science 7(04):157-162. 
WHO (World Health Organization), 2022 Lack of innovation set to undermine antibiotic 

performance and health gains. WHO News. 
 Yang Y., Zhong M., Alalawy A. I., Almutairi F. M., Al-Duais M. A., Wang J., Salama E., 2021 

Identification and characterization of marine seaweeds for biocompounds 

production. Environmental Technology & Innovation 2:101848. 
 

 

 
 

 
 



AACL Bioflux, 2025, Volume 18, Issue 1. 
http://www.bioflux.com.ro/aacl 7 

Received: 11 December 2024. Accepted: 30 December 2024. Published online: 09 January 2025. 

Authors: 

Abdullah Rasyid, Research Center for Vaccine and Drugs, National Research and Innovation Agency, Jl. Raya 

Jakarta-Bogor Km.46 Cibinong 16911, West Java, Indonesia, e-mail: a.rasyid.qf@gmail.com 

Fauzy Rachman, Research Center for Vaccine and Drugs, National Research and Innovation Agency, Jl. Raya 

Jakarta-Bogor Km.46 Cibinong 16911, West Java, Indonesia, e-mail: fauzy_heroes@yahoo.com 

Martha Sari, Research Center for Vaccine and Drugs, National Research and Innovation Agency, Jl. Raya 

Jakarta-Bogor Km.46 Cibinong 16911, West Java, Indonesia, e-mail: martha.biotek@gmail.com 
Siti Irma Rahmawati, Research Center for Vaccine and Drugs, National Research and Innovation Agency, Jl. 

Raya Jakarta-Bogor Km.46 Cibinong 16911, West Java, Indonesia, e-mail: ima_siti@yahoo.com 

Bustanussalam, Research Center for Vaccine and Drugs, National Research and Innovation Agency, Jl. Raya 

Jakarta-Bogor Km.46 Cibinong 16911, West Java, Indonesia, e-mail: bust003@brin.go.id 

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 

permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source 

are credited. 

How to cite this article: 

Rasyid A., Rachman F., Sari M., Rahmawati S. I., Bustanussalam, 2025 Antibacterial potential of seaweeds: 
insights from a comparative study. AACL Bioflux 18(1):1-7. 


