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ABSTRACT 
	The emergence of antibiotic resistance has intensified the need for novel antimicrobial agents from marine sources. Barnacles (Balanus spp.), being sessile organisms, develop potent chemical defences against microbial colonization, making them promising candidates for marine bioprospecting. In this study, crude methanolic extracts of Amphibalanus amphitrite (BME), collected from the intertidal zone of Mumbai, were screened for zoochemical composition and antibacterial potential. Zoochemical analysis revealed the presence of alkaloids, phenolic compounds, terpenoids, saponins, carbohydrates, and proteins. Antibacterial activity, evaluated through the disc diffusion method, demonstrated significant inhibition against Streptococcus spp. (24 mm at 160 mg/mL) and Salmonella typhi (13 mm at 160 mg/mL), along with moderate effects against Corynebacterium diphtheriae and Staphylococcus epidermidis. These bioactivities are likely mediated by the synergistic actions of alkaloids, phenolics, terpenoids, and saponins, which disrupt microbial integrity and metabolism. The findings suggest that BME holds potential as a source of novel antimicrobial agents. 
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1. INTRODUCTION 

The need to discover novel molecules to fight diseases has resulted from the rise of antibiotic-resistant bacteria and the declining efficacy of many current medications. Novel treatment alternatives are desperately needed as conventional antibiotic pipelines stagnate. Because of their broad-spectrum activity, structural diversity, and distinct mechanisms of action, antimicrobial agents especially those produced from marine organisms have become potential antibacterial candidates against antibiotic resistant bacteria (Rita. M et al., 2025). Finding unique bioactive compounds through bioprospecting may lead to new molecules discovery to treat such antibiotic resistance strains (Paul. S et al., 2021). The term "marine bioprospecting" describes the process of searching for and identifying novel natural substances or creatures from ocean habitats. Marine invertebrates have developed special chemical defense mechanisms to prevent microbial colonization and biofouling because they thrive in competitive and frequently harsh environments. Secondary metabolites with strong antibacterial qualities are often the result of these changes. Among these, sessile creatures like barnacles (Balanus spp.) are particularly remarkable. In barnacle being immobile nature have evolved powerful chemical defenses like antifouling peptides which attract microbes that produce settlement-inhibiting compounds (Xuan Liu et al., 2023, Mohd Adnan et al., 2018).
Balanus species, which are frequently found in intertidal zones, have calcareous plates that are subject to severe microbial penetration. Balanus amphitrite-associated bacterial strains from the Tuticorin coast have demonstrated significant antagonistic activity, despite the paucity of direct studies on the antimicrobial activity of extracts obtained from Balanus (Emanuael 2011). Additionally, crude extracts from marine bacteria produced from sponges showed antibiotic qualities as well as the ability to prevent barnacle larval settlement, sometimes reaching an inhibition of up to 87% (Swagatika Dash et al., 2009). 
Despite these promising insights, there remains a clear research gap: direct evaluations of antibacterial activity from crude or refined extracts of Balanus themselves are notably limited. Our study aims to bridge this gap by investigating the antibacterial potential of marine extracts derived from Balanus. Contributing to the search for novel natural antibacterial agents that can help counter the growing challenge of antibiotic resistance.

2. material and methods 

2.1 Animal under study 
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Figure 1: Morphological features of Amphibalanus amphitrite.
A. Side and top view of the barnacle's calcareous shell; B. Scutum and tergum; C. Maxilla; D. Maxillule; E. Mandible.
2.2 Collection and Extraction
Amphibalanus amphitrite were collected (handpicked) from rocky shore of Carter Road Bandra, Mumbai. Organism were brought in ice cold condition to laboratory for further extraction procedure.
Organisms were de-shelled, and the soft body mass was minced, weighed and put into the methanol.  The body mass (gm) of Balanus was cold percolated in methanol with ratio of 1: 5 v/v. one part of organism extracted with five parts of solvent. The extraction was repeated several times till colourless methanol filtrate is obtained and then stored in glass jar for further distillation. Recovery of methanol from the extract was carried out by vacuum distillation under reduced pressure. Methanol extract has gummy texture. The Balanus extract was termed as “BME”. The extracts yield was 1.51% from the total body weight of the organism. The extract was then stored at -20 °C for further experimental work.
2.3 Preliminary zoochemical analysis
BME were tested for preliminary chemical evaluation using standard qualitative tests by Junaid and Patil 2020, with slight modification for detecting the presence of constituents such as alkaloids, flavonoids, phenols, saponins, terpenoids, carbohydrates and proteins. The presence of active secondary metabolites was tested for following components.
Zoochemical analysis of the extract was carried out using standard qualitative tests. For alkaloids, the extract was treated separately with Mayer’s reagent and Wagner’s reagent, where cream and reddish-brown precipitates respectively indicated positive results (Mayer, 1888; Wagner, 1862). Flavonoids were detected by adding lead acetate solution to the extract, producing a yellow coloration (Harborne, 1973). Phenolic compounds were tested by mixing the extract with a few drops of ferric chloride solution, resulting in a blue-green or black coloration (Harborne, 1973). For saponins, the extract was vigorously shaken with water, and persistent froth indicated their presence (Kokate, 1999). Terpenoids were identified by adding chloroform and concentrated sulfuric acid to the extract, forming a reddish-brown interface (Salkowski, 1885). Carbohydrates were confirmed by heating the extract with Benedict’s reagent, where a brick-red precipitate was observed (Benedict, 1909). Proteins and amino acids were detected by treating the extract with ninhydrin reagent followed by heating, which developed a purple coloration (Ruhemann, 1910).
2.4 Antibacterial activity
Antibacterial activity refers to the ability of a substance to inhibit the growth, development, or survival of bacteria. This activity is often assessed for checking the effectiveness of a substance in preventing or reducing bacterial growth (François Chassagne et al., 2021). The bacterial strains were obtained from the Department of Microbiology, Somaiya Medical College, Sion, Mumbai. Escherichia coli, Staphylococcus aureus, Staphylococcus epidermidis, Corynebacterium diphtheria, Bacillus subtilis, Salmonella typhi, and Streptococcus spp were used for the activity.
	The antibacterial activity extracts were performed by paper disc diffusion method.  24 hours bacterial culture suspensions according to 0.5 MacFarland unit were mixed with nutrient agar (0.5% peptone, 0.5% yeast extract, 0.3% Nacl) at desired temperature and pour onto the plates. Plate was kept aside till the agar get solidified. Sterile paper disc was impregnated with the varying concentrations of extract on solidified agar. Paper discs were kept on the agar. Negative control (PBS) and (Ampicillin and Streptomycin concentration) were also run simultaneously. Plates were incubated at 37.5oC for 24 hours. The activity was measured in terms of zone of inhibition appearing around the disc.

3. results and discussion

The Zoochemical analysis of Barnacle extract revealed the presence of multiple bioactive compounds. Alkaloids showed strong positive reactions with both Mayer’s and Wagner’s tests (++). Phenolic compounds, saponins, terpenoids, carbohydrates, and proteins were also detected, with proteins showing a stronger reaction (++) (Table 1).

Table 1: Preliminary Zoochemical analysis of Barnacle extracts.
	Biochemical Test
	BME

	Test for Alkaloid
-Mayers test
-Wagner’s test
	++

	
	++

	Test for Flavonoid
	-

	Test for Phenolic compound
	+

	Test for Saponins
	+

	Test for Terpenoids
	+

	Test for Carbohydrates
	+

	Test for Protein
	++


(+ Good, ++ Very good)
Antibacterial activity of BME was tested against seven strains of gram negative and gram-positive bacteria using disc diffusion assay (Table 2). Maximum activity was recorded for Streptococcus spp with inhibition zone of 24 mm, 20 mm and 9 mm for concentration of 160,80, and 40 mg/mL respectively. Also S. typhi with maximum inhibition zone of 13 mm were recorded at a concentration of 160mg/mL, followed by 12mm and 9 mm at concentration of 80 mg/mL and 40 mg/mL respectively (Figure 2).  

The antibacterial assay of BME showed significant activity against Salmonella typhi and Streptococcus spp. when compared with the negative control. Salmonella typhi exhibited inhibition zones of 9–13 mm with significance ranging from P = 0.01 to P = 0.001, while Streptococcus spp. showed the highest activity with zones of 9–24 mm, highly significant at higher concentrations (P = 0.001). These findings indicate that BME possesses strong antibacterial potential, particularly against Streptococcus spp.

Table 2: Antibacterial activity of BME 
	 
	Concentration (mg/mL)

	Bacterial strains 
	160
	80
	40
	20

	Escherichia coli 
	0
	0
	0
	0

	Corynebacterium diphtheriae
	9 (±0.25)
	8 (±0.25)
	8 (±0.25)
	-

	Staphylococcus aureus
	0
	0
	0
	0

	Bacillus subtilis
	0
	0
	0
	0

	Staphylococcus epidermidis
	9 (±0.25)
	9 (±0.25)
	8 (±0.25)
	0

	Salmonella typhi *
	13 (±0.25)***
	12 (±0.25)***
	9 (±0.25)**
	9 (±0.25)**

	Streptococcus spp *
	24 (±0.25)***
	20 (±0.25)***
	9 (±0.25)**
	0



(Activity inhibition zone in mm, ‘0’ means no activity) 
Values were expressed as Mean± SEM, P value:  (P=0.05) *, (P=0.01) **, (P=0.001) *** when compared with 
Negative control (PBS).
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Figure 2: Representative result of Disc diffusion assay for BME against
 A. Streptococcus spp and B. S. typhi.
	Sterile paper discs impregnated with extract were placed on agar plates inoculated with bacterial strains. Plates were incubated at 37°C for 24 hours, and zones of inhibition were measured to assess antibacterial efficacy. 



4. DISCCUSION

The rise of drug-resistant bacteria and zoonotic diseases like Francisella tularensis, driven by antimicrobial resistance and environmental reservoirs, underscores the urgent need for alternative strategies such as marine-derived natural compounds with potential against resistant pathogens (Carmen rizzo 2017 and Melissa Rudy, Fox News, 2025).  
The zoochemical screening of barnacle (Balanus spp.) extracts revealed the presence of alkaloids (++), phenolic compounds (+), saponins (+)  and terpenoids (+). The strong positivity for alkaloids along with the presence of phenolics and terpenoids, is particularly noteworthy for potential antibacterial activity and for antioxidant applications (Costas and Cintia et a., 2023).
Alkaloid, phenols and flavonoids have also been extensively reported to exhibit potent antibacterial activity. A total synthesis of marine tris-indole alkaloids from marine sponge showed, bactericidal activity against Staphylococcus aureus, including methicillin-resistant strains (MRSA) (Shuji Tsuruda et al., 2024). Marine derived Tris-indole Alkaloid such as Tulongicin A, Clathrodin and Oroidin alkaloids, have demonstrated significant antibacterial activity against Staphylococcus aureus, including MRSA strains (Nace Zidar 2014). A review by Sherouk et al. (2022) highlighted 72 alkaloid metabolites from marine-derived fungi underlining the therapeutic relevance of these compounds. 
	Phenolic compounds extracted from three species of marine macroalgae: Ulva lactuca, Sargassum polycystum, and Palmaria palmata. were effective against Escherichia coli and Salmonella typhi, indicating strong antibacterial activity (Alifah evi scania 2021). Similarly, our barnacle extract showed presence of Phenolic compound by qualitative analysis. The detection of terpenoids and saponins in extracts from Balanus species is noteworthy, because the antibacterial qualities of both groups of secondary metabolites are well established (Antonio and Ignacio 2023). Terpenoids are lipophilic and can insert into bacterial membranes to increase permeability and disrupt vital membrane-bound activities (Wenqian huang et al., 2022). Some Plant-derived terpenoids and saponins have been shown to be effective against foodborne pathogens such as Salmonella typhi, highlighting their capacity to alter cell structures and work in concert with other antimicrobial agents, which disrupt the microbial cells eventually leads to the leakage of cell contents (Kamila and Klaudia 2025). Saponin-induced membrane instability increases terpenoid penetration, which increases bactericidal activities against bacteria (Michał Arabski et al., 2012). This suggests that saponins and terpenoids may be working together to achieve antibacterial properties.
	BME demonstrated notable antibacterial activity against Streptococcus spp. and Salmonella typhi.  The presence of alkaloids, phenols, terpenoids and saponins, as confirmed by zoochemical screening, likely to be contributing to the antimicrobial action of BME. These compounds may be acting synergistically to disrupt bacterial membrane integrity, inhibit metabolic enzymes, or interfere with replication processes.
The present zoochemical screening provides preliminary evidence of bioactive constituents in BME. Further work involving separation and purification of individual compounds is essential to obtain pure fractions. Advanced analytical techniques such as Fourier Transform Infrared Spectroscopy (FTIR) and Gas Chromatography–Mass Spectrometry (GC–MS) can be employed for structural characterization and identification of these compounds. Such identified bioactive molecules may then be evaluated for their antibacterial potential, which could contribute to the development of novel antimicrobial agents.

5. Conclusion 
The crude methanol extracts of Amphibalanus amphitrite (BME) were obtained through cold percolation, followed by vacuum distillation at low temperatures to recover methanol. The resulting extract slurry was pooled and freeze-dried, yielding semi-solid, gummy extracts. The extraction process yielded 1.51% from whole-body extractions. Zoochemical analysis of Amphibalanus amphitrite (Barnacle) extract revealed presence of alkaloids, phenolic compounds, terpenoids, saponins, carbohydrates, and proteins. BME demonstrated notable antibacterial activity against Streptococcus spp. and Salmonella typhi.  
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