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Abstract 
The rise of antibiotic-resistant microorganisms within clinical environments, particularly those forming biofilms and those 
that are ESBL (Extended Spectrum Beta-Lactamases) producers, poses a significant threat to human health. Innovative 
strategies involving natural products may offer a solution to this challenge. Consequently, this research is designed to 
evaluate the potential antibacterial properties of the marine alga Padina pavonica against these resistant bacteria 
populations. A total of 7 genera of bacterial isolates were collected, and their biofilm and ESBL characterization revealed 
that 62.5% were biofilm producers, and 56.2% were ESBL producers. Simultaneously, Padina pavonica was collected from 
sea sources in Rameshwarm and subjected to solvent extraction to determine phytochemicals. Among the solvent 
extracts, ethanol showed predominance, and a majority of phenols, flavonoids, carbohydrates, and terpenoids were 
observed in all solvent extracts. The antimicrobial activity of ethanol extracts against the 7 genera revealed significant 
suppression of E. faecalis and Proteus sp. Additionally, various phytocompounds such as 9-Octadecenoic acid, 
Hexadecane, 1-iodo-, Tetradecanoic acid, Tridecan, 9-Eicosene, Phytol, and Gamma Elemene were observed. Overall, our 
study contributes to understanding the bioactive composition of marine algae, emphasizing the potential of these 
compounds for therapeutic applications, particularly in antimicrobial activities.  
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The increasing threat of antibiotics, driven by bacterial 

infections, has prompted the development of comprehensive 

global health strategies. However, accurately quantifying the 

frequency, complications, and mortality associated with these 

infections remains a complex challenge. Developing countries 

are particularly affected because the lack of access to expensive 

antibiotics for most patients is compounded by uncontrolled 

antibiotic use, which contributes to the rise of antimicrobial 

resistance. Mitigating this issue requires a collective and 

concerted effort to ensure the sustainable and effective use of 

antimicrobial agents. The rapid spread of resistant organisms 

further strains healthcare systems amid a rise in infectious 

disease rates [1]. 

Growing apprehension is evident in numerous clinical 

scenarios where limited treatment choices compromise the 

ability to combat common infections. Bacterial resistance to 

initial drugs varies widely, ranging from none to nearly 100%. 

In some cases, resistance to second -and third-line drugs 

significantly impedes treatment efficacy. The intricacies of drug 

resistance underscore the urgency of international efforts to 

address AMR [2]. In this context, many studies have shown that 

algae and their molecules exert antioxidant activity through 

antimicrobial activity. Sapagh et al. [3] investigated the 

antimicrobial potential of Arthrospira platensis (cyanobacteria) 

and Polysiphonia scopulorum (Rhodophyta) against drug-

resistant Pseudomonas aeruginosa. In a separate study, Morsi 

et al. [4] evaluated the antimicrobial activity of Rhizoclonium 

hieroglyphicum against a range of bacteria. 

Biofilm formation is an important virulence factor 

contributing to the persistence of infections. Biofilms play an 

important role in facilitating the emergence of antimicrobial 

resistance, creating chronic infections and economic burdens 

such as high healthcare costs, prolonged hospital stays and 

difficulty in treatment [5]. Another problem for the medical 

world is the production of ESBL by bacteria. ESBL-producing 

isolates spread rapidly and cause poor outcomes with high 

mortality due to ineffective antibiotic therapy [6]. In this 

scenario, the significance of alternative drugs that are safe and 

devoid of drug resistance is paramount. Among the algae, 

brown algae of Padina pavonica provide unique benefits, like 

antimicrobial and antioxidant [7]. Recently Makhlof et al. [8] 

also observed the antibacterial, antioxidant, anticancer, and 

antibiofilm activities of the methanolic extract of Padina 

pavonica L. Nonetheless, none of the recent studies conducted 

by various authors have assessed the effectiveness of Padina 

pavonica against bacteria, and there is a notable absence of 
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research specifically targeting ESBL-producing bacteria. To fill 

this research gap, this study was conducted to investigate the 

role of phytocompounds against ESBL-producing bacteria. 

 

MATERIALS AND METHODS 

 

Collection of algal samples  

Padina pavonica alga sample was harvested from the 

Rameswaram area, during December to March winter (2019-

2020) in a rocky area at a depth of about 50 meters from the sea 

surface. Following collection, samples were transferred to the 

laboratory in sterilized plastic bottles containing seawater to 

prevent evaporation. Careful cleaning of epiphytes and removal 

of rock debris from algal samples was carried out, followed by 

gentle rinsing in fresh water to remove surface salt. A portion 

of the collected sponge samples was preserved for identification 

purposes. After the cleaning process, the samples were 

subjected to shade drying for two to three days [9]. 

 

Identification of algae 

Algae identification was conducted utilizing the 

taxonomical characteristics outlined in the publication [10]. 

The identification procedures took place at the CSMCRI 

Marine Algal Research Station in Mandapam, Rameshwaram, 

India. 

 

Preparation of algal extract  

Dried algal biomass was extracted using different 

solvents (ethanol, chloroform, and acetone). The algal was 

soaked in their respective conditions (10 g: 100ml) of the 

above-mentioned solvents and retained in a rotary shaker at 150 

rpm for 72 hours at room temperature. At specified times; 

extracts were filtered separately using the Whatman No.1 filter 

paper. The filters were dried by evaporation under the rotary 

evaporator. Raw juices were then available dissolved in the 

respective solvent to a final concentration of 100 mg/mL stalk 

solution. It was stored at 4 °C for further procedures [11]. 

 

Preliminary phytochemical analysis  

The preliminary phytochemical studies for the algal 

extracts were accomplished by the previous study [12]. The 

phytochemicals like alkaloids, carbohydrates, flavanoids, 

phenols, saponins, tannins, terpinoids, quinines, glycosides, 

proteins, and steroids were analyzed. 

 

Collection of clinical isolates  

A total of 7 bacterial genera were collected from 

Microteck, a clinical laboratory, in Coimbatore. The collected 

isolates were confirmed with selective media and chromogenic 

media. The following isolates were subjected to antibacterial 

activity: including E. coli, K. pneumoniae, P. aeruginosa, S. 

aureus, Proteus sp, E. faecalis, and Salmonella sp. 

 

Biofilm assay  

The biofilm assay was carried out by Freeman et al. [13] 

procedure. The isolates were inoculated by the single streak 

method on sterile brain heart infusion agar media supplemented 

with sucrose (5%) and congo red (0.08 g/L). All plates were 

incubated at 37 °C for 24 hours. The formation of a black colour 

indicates a positive result. 

 

Determination of ESBL producing isolates by phenotypic 

method 

Confirmation of the ESBL- producing isolates was done 

by the phenotypic confirmatory test according to CLSI 

recommendations. In this test, the first generation of betalactam 

i.e. Amoxcillin disc (30µg) alone or in combination with 

clavulanic acid (10 µg) was used [14]. 

 

Antibacterial activity of Padina pavonica 

Positive results indicating biofilm and ESBL-producing 

isolates were further subjected to antibacterial activity testing 

using extracts derived from Padina pavonica. To assess 

antimicrobial activity, the well diffusion method was used [15]. 

The fresh bacterial cultures, obtained from 24-hour-old broth, 

were evenly spread on sterile Muller Hinton agar plates. Wells 

were made using metal bores, and algal extracts at varying 

concentrations were carefully dispensed into the well, and 

appropriately labeled. The 10mcg of ampicillin was added in 

one well as a standard control and the respective solvent was 

added in another well as a negative control. The plates were 

then incubated at 37°C for 24 hours, and following incubation, 

they were observed for the formation of zones. The resulting 

zones were measured and recorded. 

 

GCMS analysis 

Following the antimicrobial activity, secondary 

phytochemicals analysis was carried out with algal extract 

through GCMS analysis. The chosen potential algal extract 

underwent GC-MS analysis, which was conducted using a 

modified version of the analytical method described in the 

previous study [16]. Chromatograph interfaced to a mass 

spectrometer (GC-MS Perkin-Elmer) equipped with an Elite-1, 

fused silica capillary column (30 m´ 0.25 mm ID’1 m df, 

composed of 100% dimethyl poly siloxane).  

 

RESULTS AND DISCUSSION 
 

A total of seven genera of 16 bacterial isolates were 

clinical laboratory. Among these populations isolated, 71.4% 

were identified as gram-negative and 28.5% were found to be 

gram- positive organisms. The gram-negative isolates were 

identified as Pseudomonas aeruginosa and Klebsiella 

pneumonia each accounting for 25%, E. coli, Salmonella spp, 

and P. mirabilis each accounting for 16.6%. The gram-positive 

isolates identified as Enterococcus faecalis and Staphylococcus 

aureus accounting for 50%. All isolates were subjected to a 

biofilm assay; among them, 62.5% of isolates showed a positive 

reaction to biofilm. Among the genera, S. aureus and K. 

pneumoniae were the predominant isolates for biofilm 

formation. These biofilm-producing isolates were not easily 

eradicated, due to the antibiotic resistance developed by 

bacteria within the biofilm, the use of antibiotics alone for 

treating infections resulting from biofilm is ineffective [17]. 

The determination of ESBL (extended spectrum beta-

lactamase) producing isolates was carried out using the double 

disk diffusion method. Our study revealed that among the 16 

isolates analyzed, E. coli and Salmonella sp exhibited 100 

percentage of ESBL activity. K. pneumoniae and P. aeruginosa 

showed ESBL activity in 66.6% of the isolates, while P. 

mirabilis and E. faecalis exhibited ESBL activity in 50% of the 

isolates. 

These findings align with prior research conducted by 

previous studies [18-19], which reported elevated rates of 

ESBL production in Salmonella sp and Escherichia coli 

isolates. Similarly, studies by Wang et al. [20] and Patel et al. 

[9] documented substantial ESBL activity in Klebsiella 

pneumoniae and Pseudomonas aeruginosa isolates, providing 

additional support for our results. Furthermore, the 

identification of ESBL activity in Proteus mirabilis and 

Enterococcus faecalis isolates is in accordance with the 

outcomes of studies conducted by previous studies [21-22]. 
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In our study, aside from Staphylococcus aureus, 56.2% 

of the isolates demonstrated positive results for ESBL 

production. This aligns with the findings of Rodriguez-Bano et 

al. [23], which reported varying rates of ESBL production 

across different bacterial species. Notably, each of the seven 

bacterial species included in our study exhibited at least one 

isolate testing positive for ESBL production. Moreover, our 

results indicate that a majority of the ESBL-producing isolates 

displayed biofilm formation. This observation supports the 

conclusions drawn in previous studies [24-25], underscoring 

the association between ESBL production and biofilm in the 

clinical sector. 

The emergence of ESBL and biofilm-forming bacterial 

isolates in clinical settings has become a significant public 

health concern. The ability of these demon bacteria is 

worrisome because it facilitates the spread of antibiotic 

resistance and can prolong infections in healthcare settings. 

Recently, antimicrobial resistance has become a public health 

problem threatening communities as it leads to high mortality 

[26]. 

Overall, our study contributes to the understanding of 

biofilm and ESBL production among clinical isolates and 

reinforces the need for effective strategies to address the spread 

of ESBL-producing bacteria and combat the associated 

antibiotic resistance. In this context, understanding ESBL 

formation and the antibacterial spectrum of bacterial isolates is 

important for providing reliable empirical antibiotic therapy to 

patients. Researchers are currently conducting extensive 

research on alternative therapy solutions, including most 

marine organisms. Among them, seaweed or macroalgae 

provide a great variety of metabolites and natural bioactive 

compounds, with antimicrobial activity. As a result, this study 

is conducted to obtain Padina pavonica to provide 

antimicrobial properties. 

The extract was obtained from Padina pavonica and 

subjected to preliminary phytocemicals analysis. Among the 

ten different phytochemical analyses, phenols, flavonoids, 

carbohydrates and Terpenoids were the majority observed in the 

extracts. The highest count of phytochemicals was observed in 

ethanol extract, followed by acetone extract. The saponins, 

tannins, and proteins were observed only in the ethanol extract. 

The sterols were not observed in any solvent extracts. A similar 

line of results was observed in the previous study [27], which 

found flavonoids, carbohydrates, tannins, and terpenoids. 

Phenolic compounds are plant secondary metabolites, and the 

isolation, characterization, and study of their biological 

activities have been the focus of much research. According to 

Mekinic et al. [28], phytochemicals with high phenolic content 

in seaweed have positive pharmacological and nutraceutical 

properties. 

Building upon a previous investigation on the 

antibacterial activity of Padina pavonica, the current study was 

undertaken to assess its antibacterial efficacy against biofilm 

and ESBL-producing isolates. Among the four solvent extracts, 

the ethanol extract showcased predominant phytochemicals, 

prompting its selection for antibacterial testing. Notably, 

Enterococcus faecalis, Proteus sp and Staphylococcus aureus, 

exhibited significant suppression, with zone of inhibition 

ranging from 10mm to 20mm, while the least inhibitory activity 

was observed against E. coli. Out of the seven isolates tested, 

2.5mg of the extract was effective in suppressing two isolates, 

while five isolates were inhibited by the extract (Fig 1). 

 

Fig 1 Antibacterial activity of Padina pavonica against Biofilm and ESBL producing bacteria 

Seaweeds harbor a diverse array of distinctive secondary 

metabolites, demonstrating intriguing bioactivities. Marine 

algae represent a valuable reservoir of various bioactive 

compounds, encompassing dietary fibers, proteins, minerals, 

and vitamins. Additionally, they house noteworthy bioactive 

substances, including polysaccharides, polyphenols, 

phytochemicals, and polyunsaturated fatty acids, holding 

promise for therapeutic applications [29]. In the present study, 

various bioactive compounds were observed through GCMS 

analysis. 
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Table 1 Phytocomponents detected in the ethanol extract of Padina pavonica by GC-MS analysis 

Retention time Name of the compound Molecular formula M. Wt. gmol-1 Area % 

15.885 Heptacosane, 1-chloro- C27H55Cl 415.179 0.36 

17.463 9-Octadecenoic acid C18H34O2 282.5 3.17 

20.074 Hexadecane, 1-iodo- C16H33I 352.3377 4.97 

20.651 Nonadecane, 9-methyl- C20H42 282.5475 0.772 

14.619 Tetradecanoic acid C14H28O2 229.36 1.13 

21.274 Tridecane C13H28 184.37 1.52 

14.963 9-Eicosene C20H40 280.53 0.99 

17.585 Phytol C20H40O 296.53 5.30 

19.607 Gamma.-Elemene C15H24 204.357 1.88 

 The following compounds were observed: hexacosane, 

1-chloro-, 9-Octadecenoic acid, Hexadecane, 1-iodo-, 

Nonadecane 9-methyl, Tetradecanoic acid, Tridecane, 9-

eicosene, Phytol, Gamma Elemene (Table 1). A previous study 

[30] observed the antimicrobial activity producing 

Tetradecanoic acid, Tridecane, and fatty acid of Tetradecanoic 

acid and 9-Octadecenoic acid from Padina pavonia. In 2019, 

Minetti et al. [31] also observed the various fatty acid 

phytocompounds of phytol and nonadecane from Padina 

pavonica. Recent studies have revealed that phytol has 

antimicrobial activity [32]. The cumulative evidence from these 

studies strengthens the understanding of the bioactive 

composition of marine algae, emphasizing the potential for 

these compounds to contribute to therapeutic applications such 

as antimicrobial activities. Bioactive composition of marine 

algae provides a robust foundation for recognizing their 

potential in therapeutic applications, particularly in the context 

of combating microbial infections. 
 

CONCLUSION 
 

In conclusion, the present investigation contributes to the 

growing body of knowledge on the bioactive compounds in 

seaweeds. The diverse array of identified compounds, in 

conjunction with previous research, highlights the multifaceted 

nature of marine algae and their potential significance in 

pharmaceutical and nutritional applications. Further research is 

warranted to elucidate the specific therapeutic benefits and 

mechanisms of action associated with these bioactive 

compounds. 
 

Conflict of interest: None declared.

 
LITERATURE CITED 

1. Muhie OA. 2019. Antibiotic use and resistance pattern in Ethiopia: Systematic review and meta-analysis. International Journal 

of Microbiology 2019: 2489063. https://doi.org/10.1155/2019/2489063 

2. Hailemariam M, Alemayehu T, Tadesse B, Nigussie N, Agegnehu A, Habtemariam T, Ali M, Mitiku E, Azerefegne E. 2021. 

Major bacterial isolate and antibiotic resistance from routine clinical samples in Southern Ethiopia. Scientific Reports 11(1): 

19710. https://doi.org/10.1038/s41598-021-99272-2 

3. El-Sapagh S, El-Shenody R, Pereira L, Elshobary M. 2023. Unveiling the potential of algal extracts as promising antibacterial 

and antibiofilm agents against multidrug-resistant Pseudomonas aeruginosa: In vitro and in silico studies including 

molecular docking. Plants 12(18): 3324. https://doi.org/10.3390/plants12183324 

4. Morsi HH, El-Sabbagh SM, Mehesen AA, Mohamed AD, Al-Harbi M, Elkelish A, El-Sheekh MM, Saber AA. 2023. 

Antibacterial activity of bioactive compounds extracted from the Egyptian untapped green alga Rhizoclonium 

hieroglyphicum. Water 15(11): 2030. https://doi.org/10.3390/w15112030 

5. Assefa M, Amare A. 2022. Biofilm-associated multi-drug resistance in hospital-acquired infections: A review. Infection and 

Drug Resistance 15: 5061-5068. https://doi.org/10.2147/IDR.S379502 

6. Tufa TB, Fuchs A, Tufa TB. 2020. High rate of extended-spectrum beta-lactamase-producing gram-negative infections and 

associated mortality in Ethiopia: A systematic review and meta-analysis. Antimicrobial Resistance and Infection Control 9: 

128. https://doi.org/10.1186/s13756-020-00782 

7. Keramane B, Touati N, Saidani K, Taguelmimt A, Zair I, Bedjou F. 2020. Assessment of antioxidant and antibacterial activities 

of Cystoseira mediterranea and Padina pavonica from Algerian North-East for a potential use as a food preservative. Acta 

Alimentaria 49(4): 498-504. https://doi.org/10.1556/066.2020.49.4.16 

8. Makhlof MEM, El-Sheekh MM, El-Sayed AIM. 2023. In vitro antibiofilm, antibacterial, antioxidant, and antitumor activities of 

the brown alga Padina pavonica biomass extract. International Journal of Environmental Health Research 8: 1-18. 

https://doi.org/10.1080/09603123.2023.2165045 

9. Patel GG, Patel V, Thakur MC. 2018. Study of microbial diversity in Ulva Lactuca from North West coast of Gujarat, India. 

International Journal of Pharmaceutical Sciences and Research 9(3): 1201-1212. 

10. Jha B, Reddy CRK, Thakur MC, Rao MU. 2009. Seaweeds of India: The diversity and distribution of seaweeds of the Gujarat 

coast. Springer. 

11. Sheikh H, El-Naggar A, Al-Sobahi D. 2018. Evaluation of antimycotic activity of extracts of marine algae collected from red 

sea coast, Jeddah, Saudi Arabia. Journal of Biosciences and Medicines 6(4): 51-68. https://doi.org/10.4236/jbm.2018.64004 

12. Usha NS, Sabari Anand JV, Mangaiyarkarasi. 2019. Preliminary phytochemical screening and GC-MS analysis of Cladophora 

glomerata: Green marine algae. International Journal of Basic and Clinical Pharmacology 8(4): 732-737. 

https://doi.org/10.18203/2319-2003.ijbcp20191108 

13. Freeman DJ, Falkiner FR, Keane CT. 1989. New method for detecting slime production by coagulase negative staphylococci. 

Journal of Clinical Pathology 42(8): 872-874. https://doi.org/10.1136/jcp.42.8.872 

14. Toptan H, Balkose G, Dogan O, Adaleti R, Aksaray S. 2020. Detection of the presence of extended-spectrum BetaLactamase 

enzyme in gram-negative bacteria according to CLSI and EUCAST criteria. Haydarpasa Numune Med. Jr. 60(4): 352-356. 

2006 

https://doi.org/10.1155/2019/2489063
https://doi.org/10.1038/s41598-021-99272-2
https://doi.org/10.3390/plants12183324
https://doi.org/10.3390/w15112030
https://doi.org/10.2147/IDR.S379502
https://doi.org/10.1186/s13756-020-00782
https://doi.org/10.1556/066.2020.49.4.16
https://doi.org/10.1080/09603123.2023.2165045
https://doi.org/10.4236/jbm.2018.64004
https://doi.org/10.18203/2319-2003.ijbcp20191108
https://doi.org/10.1136/jcp.42.8.872


15. Rajeswari R, Murugesh S, Kumar DJ, Prakash B, Gayathri K. 2022. Characterization and evaluation of antimicrobial, 

antioxidant and antibiofilm activities of silver nanoparticles biosynthesized from Harpullia arborea Bark extract. Journal of 

Clinical and Diagnostic Research 16(9): FC07–FC14. https://doi.org/10.7860/JCDR/2022/56639.16859 

16. Aji R, Raja JSR. 2021. GCMS analysis of tannery effluent by using halophilic Bacterial Strain Pseudomonas aeruginosa sthc002 

and keratinase Enzyme. Annals RSCB 25(6): 1448-1467. 

17. Sharma S, Mohler J, Mahajan SD, Schwartz SA, Bruggemann L, Aalinkeel R. 2023. Microbial biofilm: A review on formation, 

infection, antibiotic resistance, control measures, and innovative treatment. Microorganisms 11(6): 1614. 

https://doi.org/10.3390/microorganisms11061614 

18. Lee W, Greig D, Day M, Chattaway M, Nair S. 2019. Characterization of extended spectrum beta-lactamases (ESBL) resistance 

in multi-drug resistant Salmonella concord. Access Microbiology 1(1A). https://doi.org/10.1099/acmi.ac2019.po0081 

19. Kim KG, Jung J, Shin JH, Park HJ, Kim MJ, Seo JJ, Kim YO, Lee SY, Cho CY, Kim TS. 2022. Trends in ESBLs and PABLs 

among enteric Salmonella isolates from children in Gwangju, Korea: 2014–2018. Journal of Microbiology, Immunology, 

and Infection 55(2): 199-206. https://doi.org/10.1016/j.jmii.2021.09.004 

20. Wang Q, Wang X, Wang J, Ouyang P, Jin C, Wang R, Zhang Y, Jin L, Chen H, Wang Z, Zhang F, Cao B, Xie L, Liao K, Gu 

B, Yang C, Liu Z, Ma X, Jin L, Wang H. 2018. Phenotypic and genotypic characterization of carbapenem-resistant 

Enterobacteriaceae: Data from a longitudinal large-scale CRE study in China, (2012–2016). Clinical Infectious Diseases 

67(Suppl. 2): S196-S205. https://doi.org/10.1093/cid/ciy660 

21. Brown JC, Shanley CA, Yasin B. 2017. Infection control implications of heterogeneous resistance mechanisms in carbapenem-

resistant Enterobacteriaceae (CRE). Infection Control and Hospital Epidemiology 38(10): 1194-1201. 

22. Johnson C, Williams L, Sutherland K. 2019. Exploring natural sources for novel antimicrobial agents. In: (Eds) A. Mendez-

Vilas, Microbial pathogens and strategies for combating them: Science, Technology and education. Formatex Research 

Center. pp 1111-1122. 

23. Rodríguez-Baño J, Navarro MD, Romero L, Martínez-Martínez L, Muniain MA, Perea EJ, Pérez-Cano R, Pascual A. 2004. 

Epidemiology and clinical features of infections caused by extended-spectrum beta-lactamase-producing Escherichia coli in 

non-hospitalized patients. Journal of Clinical Microbiology 42(3): 1089-1094. https://doi.org/10.1128/JCM.42.3.1089-

1094.2004 

24. Manivannan M, Subramanian G. 2022. Antibacterial activity of Ulva Lactuca against multidrug resistant and betalactamase 

producing isolates from food samples- an in-vitro study. Journal of Clinical and Diagnostic Research 17(2): DC01–DC05. 

https://doi.org/10.7860/JCDR/2023/61200.17467 

25. Dash P, Rana K, Turuk J, Palo SK, Pati S. 2023. Antimicrobial resistance and biofilm formation of Staphylococcus aureus 

isolates from febrile cases: Findings from a rural cohort of Odisha, India. Polish Journal of Microbiology 72(2): 209-214. 

https://doi.org/10.33073/pjm-2023-005. 

26. Abdulkareem AH, Alalwani AK, Ahmed MM, Al-Meani SAL, Al-Janaby MS, Al-Qaysi AK, Edan AI, Lahij HF. 2023. Impact 

of Solidago virgaurea extract on biofilm formation for ESBL-Pseudomonas aeruginosa: An in vitro model study. 

Pharmaceuticals 16(10): 1383. https://doi.org/10.3390/ph16101383. 

27. Al-Enazi NM, Awaad AS, Zain ME, Alqasoumi SI. 2018. Antimicrobial, antioxidant and anticancer activities of Laurencia 

catarinensis, Laurencia majuscula and Padina pavonica extracts. Saudi Pharmaceutical Journal 26(1): 44-52. 

https://doi.org/10.1016/j.jsps.2017.11.001. 

28. Generalić Mekinić I, Šimat V, Botić V, Crnjac A, Smoljo M, Soldo B, Ljubenkov I, Čagalj M, Skroza D. 2021. Bioactive 

phenolic metabolites from Adriatic brown algae Dictyota dichotoma and Padina pavonica (Dictyotaceae). Foods 10(6): 

1187. https://doi.org/10.3390/foods10061187. 

29. Tanna B, Mishra A. 2019. Nutraceutical potential of seaweed polysaccharides: Structure, bioactivity, safety, and toxicity. 

Comprehensive Reviews in Food Science and Food Safety 18(3): 817-831. https://doi.org/10.1111/1541-4337.12441. 

30. Usha R, Rani MV. 2015. Gas chromatography and mass spectrometric analysis of Padina pavonia (L.) Lamour. Bioscience 

Discovery 6(1): 01-05. 

31. Minetti M, Bernardini G, Biazzo M, Gutierrez G, Geminiani M, Petrucci T, Santucci A. 2019. Padina pavonica extract 

promotes. In vitro differentiation and functionality of human primary osteoblasts. Marine Drugs 17(8): 473. 

https://doi.org/10.3390/md17080473. 

32. Saha M, Bandyopadhyay PK. 2020. In vivo and in vitro antimicrobial activity of phytol, a diterpene molecule, isolated and 

characterized from Adhatoda vasica Nees. (Acanthaceae), to control severe bacterial disease of ornamental fish, Carassius 

auratus, caused by Bacillus licheniformis PKBMS16. Microbial Pathogenesis 141: 103977. 

https://doi.org/10.1016/j.micpath.2020.103977. 

 

2007 

https://doi.org/10.7860/JCDR/2022/56639.16859
https://doi.org/10.3390/microorganisms11061614
https://doi.org/10.1099/acmi.ac2019.po0081
https://doi.org/10.1016/j.jmii.2021.09.004
https://doi.org/10.1093/cid/ciy660
https://doi.org/10.1128/JCM.42.3.1089-1094.2004
https://doi.org/10.1128/JCM.42.3.1089-1094.2004
https://doi.org/10.7860/JCDR/2023/61200.17467
https://doi.org/10.33073/pjm-2023-005
https://doi.org/10.3390/ph16101383
https://doi.org/10.1016/j.jsps.2017.11.001
https://doi.org/10.3390/foods10061187
https://doi.org/10.1111/1541-4337.12441
https://doi.org/10.3390/md17080473
https://doi.org/10.1016/j.micpath.2020.103977

