



Bioactive Potential of Arthrospira platensis Ethanol Extract against ESBL and Biofilm-Forming Mmeat Pathogens	Comment by USER: Capitalize "meat" to "Meat" and ensure binomial nomenclature formatting (Arthrospira platensis in italics)



Abstract
	Foodborne bacterial pathogens associated with contaminated meat represent a significant public health concern due to antimicrobial resistance and biofilm formation. Therefore, investigating new antimicrobial substances for controlling foodborne pathogens is important for reducing potential food safety risks. In the present study, chicken, fish, and goat meat samples were collected and examined for the isolation and characterization of bacterial pathogens. A total of 27 bacterial isolates representing seven genera were obtained, including Escherichia coli, Pseudomonas aeruginosa, Enterococcus faecalis, Klebsiella pneumoniae, Proteus mirabilis, Citrobacter sp., and Salmonella sp. Among the isolates, 17 (62.9%) were positive for extended-spectrum β-lactamase (ESBL) production, while 14 (51.9%) exhibited biofilm-forming ability. The antibacterial potential of Arthrospira platensis extracts was subsequently evaluated against the isolated foodborne pathogens. Preliminary phytochemical screening showed a higher number of phytochemical constituents in the ethanol extract than in the aqueous extract. Therefore, the ethanol extract was selected for further evaluation of its antibacterial, antioxidant, and anticancer activities. The ethanol extract exhibited concentration-dependent antibacterial activity, with the highest inhibition zone of 17 mm observed against E. coli at 10 mg/mL. DPPH radical-scavenging activity increased with extract concentration, reaching 79.78% at 1000 µg/mL, compared with 87.96% for ascorbic acid. In the MTT assay, HepG2 cell inhibition increased from 7.90% at 10 µg/mL to 74.06% at 250 µg/mL, with corresponding cell viabilities of 92.10% and 25.94%, respectively. Overall, the ethanol extract of A. platensis demonstrated antibacterial, antioxidant, and anticancer activities, indicating its potential as a source of bioactive compounds with promising applications in food safety and biomedical research.	Comment by USER: Correct the total ESBL isolate count contradiction (Abstract says 17, paragraph 3.2 text says 18). State the calculated IC50 values for both DPPH radical scavenging and HepG2 cytotoxicity
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1. Introduction
	Antimicrobial Resistance (AMR) is one of the most severe threats to global public health. It compromises the efficacy of standard antibiotic treatments used even for common infections (Murray et al., 2022). In particular, extended-spectrum β-lactamases (ESBLs) produced by Gram-negative bacteria such as Escherichia coli and Klebsiella pneumoniae are a major concern. These enzymes degrade antibiotics such as penicillins, cephalosporins, and monobactams, rendering first-line treatments ineffective. Consequently, there is an increased reliance on carbapenems, which are used as a last-resort treatment (McDonald et al., 2021).
	In particular, ESBL-producing E. coli have been frequently detected in retail meat products, including beef, pork, and poultry, highlighting meat products as an important potential reservoir for antimicrobial-resistant bacteria and a possible route of AMR transmission to humans (Clemente et al., 2021). Antimicrobial resistance is already associated with more than one million deaths annually, and, if effective control measures are not implemented, the global burden could increase substantially by 2050 (O’Neill, 2016; Murray et al., 2022). The persistence of ESBL-mediated resistance is further complicated by the presence of resistance determinants on mobile genetic elements such as plasmids, which can facilitate their dissemination among bacterial populations. At the same time, the development of new antibacterial agents remains challenging, with limited numbers of novel antibiotic classes reaching clinical application (WHO, 2024).
	A similar significant challenge exists in the field of oncology. Liver cancer—specifically hepatocellular carcinoma (HCC)—is among the cancers with high mortality rates, primarily due to late diagnosis and poor response to treatment (Sung et al., 2021). Drugs such as Sorafenib offer only modest improvements in survival. Furthermore, response rates to conventional cytotoxic drugs are often less than 10% (Llovet et al., 2008). Key factors contributing to this include the overexpression of ABC-transporter efflux proteins (such as P-glycoprotein) in HCC cells, enhanced DNA repair capacity, and resistance to apoptosis (Marin et al., 2015). Given the high systemic toxicity associated with current chemotherapeutic drugs, there is a need for safe bioactive agents capable of acting against resistant tumor phenotypes.
	Given the limitations associated with conventional antibacterial and anticancer drugs, natural bioactive compounds are gaining significant attention as alternative therapeutic agents. Spirulina (Arthrospira platensis) is a filamentous cyanobacterium widely cultivated for food-grade use. It is rich in bioactive components such as phycocyanin, carotenoids, phenolic compounds, and polyunsaturated fatty acids. These components have been reported to possess antioxidant, antimicrobial, antiviral, and anticancer properties (Al-Saily et al., 2024).
	Spirulina extracts have demonstrated dose-dependent cytotoxicity against cancer cells, including hepatocellular carcinoma (HepG2), while exhibiting relatively low toxicity towards normal cells (Al-Saily et al., 2024; Fayyad et al., 2019). Furthermore, its antioxidant activity—largely attributed to pigments such as phycocyanin and carotenoids—provides evidence for considering Spirulina a natural bioactive resource capable of acting on various biological targets (Gabr et al., 2020; Girgenti et al., 2026).
	However, there is a scarcity of direct studies evaluating food-grade Spirulina biomass obtained from local commercial producers against foodborne drug-resistant pathogens—specifically ESBL-producing strains isolated from meat (Clemente et al., 2021). Furthermore, studies simultaneously evaluating its antioxidant and anticancer (HepG2) activities are also limited. Therefore, it is essential to systematically analyze food-grade Spirulina biomass obtained from a local source and evaluate its in vitro antimicrobial activity against selected foodborne pathogens—specifically ESBL-producing strains derived from meat—as well as its antioxidant capacity and anticancer activity against HepG2 cells. Such a study will help generate scientific evidence regarding the potential of Spirulina as a natural bioactive resource capable of addressing two major health challenges: the foodborne AMR crisis and drug-resistant liver cancer.
2. Materials and methods
2.1 Isolation of bacterial pathogens from meat samples
	Nine fresh meat samples, comprising chicken (n = 3), goat meat (n = 3), and fish (n = 3), were aseptically collected and transported to the laboratory in an icebox. Approximately 1 g of each sample was aseptically minced, serially diluted, and inoculated into nutrient broth, followed by incubation for 24 h. The enriched cultures were subsequently streaked onto nutrient agar (NA) plates for the isolation of individual bacterial colonies. The isolates were maintained on NA slants at 4 °C until further analysis. Preliminary identification was performed based on colony morphology, cellular morphology, and Gram staining, followed by biochemical characterization using selective and chromogenic media. The isolates were identified according to the procedures described by Holt et al. in Bergey’s Manual of Determinative Bacteriology.	Comment by USER: Specify the sampling criteria and period. Picking 27 isolates from 9 samples means multiple colonies were picked per sample; explain if duplicate clones were ruled out.
2.2 Isolation of ESBL producing isolates
	ESBL production was detected using the combination disk test with ceftazidime (30 µg) alone and ceftazidime (30 µg) in combination with clavulanic acid (30/10 µg). A bacterial suspension adjusted to 0.5 McFarland turbidity was prepared from each test isolate and uniformly inoculated onto Mueller–Hinton agar (MHA) plates to obtain a lawn culture. Ceftazidime (CAZ) and ceftazidime–clavulanic acid (CAC) disks were then placed on the inoculated MHA surface and incubated under the appropriate conditions. An increase of ≥5 mm in the inhibition zone diameter around the CAC disk compared with the CAZ disk alone was interpreted as indicative of ESBL production (Wadekar et al., 2020).
2.3 Isolation of biofilm producing isolates
	Congo Red Agar (CRA) was prepared using brain heart infusion (BHI) broth (37 g/L), sucrose (50 g/L), agar (15 g/L), and Congo red dye (0.8 g/L). The medium, excluding the Congo red dye, was sterilized by autoclaving at 121 °C for 15 min. After cooling to approximately 55 °C, the sterile Congo red dye was aseptically added, and the medium was poured into sterile Petri plates and allowed to solidify. The test organisms were grown overnight in 5 mL of Tryptic Soy Broth (TSB), and the cultures were subsequently streaked onto CRA plates using sterile inoculating loops. The inoculated plates were incubated at 37 °C for 24 h, after which colony morphology and pigmentation were examined. Isolates exhibiting black, dry, rough, and crystalline colonies were considered biofilm producers, whereas isolates producing smooth colonies with orange, red, or pink pigmentation were considered non-biofilm producers (Turu and Canli, 2025).
2.4 Collection of Arthrospira  platensis (Spirulina) and Preparation Extract
	Arthrospira platensis (Spirulina) biomass was obtained from a commercial Spirulina production unit located in Puducherry, India. Twenty grams of dried Spirulina biomass powder was extracted separately with 100 mL of ethanol and distilled water by maceration at room temperature with intermittent shaking. Following the extraction period, the extracts were filtered through Whatman No. 1 filter paper, and the resulting filtrates were concentrated to dryness. The dried crude extracts were weighed to determine the extraction yield, redissolved in DMSO, and stored at −20 °C in sterile airtight containers until further analysis (Sreelatha & Padma, 2009).	Comment by USER: Detail the extraction procedure parameters (maceration duration, temperature, drying method, and percentage extraction yield).

2.5 Preliminary phytochemical analysis on Arthrospira  platensis
	The separated extracts of Arthrospira platensis were subjected to preliminary phytochemical analysis. The concentrated extracts were prepared at a concentration of 10 mg/mL and subsequently screened qualitatively for the presence of tannins, saponins, terpenoids, alkaloids, steroids, glycosides, flavonoids, and phenolic compounds following the procedures described by Mane and Chakraborty (2018).
2.6 Antibacterial activity of Arthrospira platensis against meat pathogens
	The antibacterial activity of Spirulina extracts was determined according to the method described by Christodoulopoulou et al. (2025), with slight modifications. Briefly, the antibacterial activity of the ethanolic Spirulina extracts was evaluated against seven bacterial pathogens isolated from meat samples. Mueller–Hinton agar (MHA) plates were prepared and inoculated with the respective bacterial pathogens using sterile cotton swabs to obtain a uniform bacterial lawn. Six wells were aseptically punched into each agar plate using a sterile cork borer. Four different concentrations of each Spirulina extract were added to separate wells. DMSO was used as the negative control, while a standard antibiotic was used as the positive control. The plates were incubated at 37 °C for 24 h, after which the diameter of the zones of inhibition was measured in millimetres.	Comment by USER: Specify which standard antibiotic was used as a positive control in Table 1 (Ciprofloxacin concentration used in µg/disk)
2.7 Determination of Antioxidant Activity
2.7.1 Preparation of DPPH Standard Solution
	A DPPH standard solution at a concentration of 1.01 × 10⁻¹ mM was prepared by dissolving 40 mg of DPPH in 100 mL of absolute ethanol. The volumetric flask was covered with aluminum foil to protect the solution from light and vortexed thoroughly. The solution was then kept in the refrigerator for 2 h to allow stabilization before use.
2.7.2 Determination of In Vitro Antioxidant Activity	Comment by USER: Provide standard deviation or statistical analysis formulas and IC50 calculation methods
	The antioxidant activity of the Spirulina extracts was determined using the DPPH radical-scavenging assay according to the method described by Kitsios et al. (2025), with slight modifications. Briefly, 100 μL of each Spirulina extract was transferred into a plastic cuvette, followed by the addition of 1 mL of 100 mM acetate buffer (pH 5.30 ± 0.01) and 1.9 mL of the DPPH standard solution. The reaction mixture was incubated in the dark for 1 h until a stable absorbance was achieved. The absorbance was then measured at 517 nm using a UV–Vis spectrophotometer. Ascorbic acid was used as the reference antioxidant, and the same experimental procedure was followed. The percentage of antioxidant activity was calculated using the following equation:
	Antioxidant activity (%) = [(A₀ − Aₜ) / A₀] × 100
where A₀ represents the absorbance of the DPPH solution without the test sample, and Aₜ represents the absorbance of the DPPH reaction mixture containing the Spirulina extract. All samples were analyzed in triplicate (n = 3), and the results were expressed as percentage (%) antioxidant activity.
2.8 Cell Culture Maintenance
	The HepG2 (human hepatocellular carcinoma) cell line was obtained from the National Centre for Cell Science (NCCS), Pune, India. The cells were maintained in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% (v/v) heat-inactivated fetal bovine serum (FBS), 100 U/mL penicillin, and 100 μg/mL streptomycin. The cells were cultured at 37 °C in a humidified incubator containing 5% CO₂ and 95% air and maintained in the logarithmic growth phase.
2.8.1 Anticancer Activity
	The cytotoxic activity of the test samples against the HepG2 cell line was evaluated using the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay following the method described by Mosmann (1983), with slight modifications. Briefly, HepG2 cells were seeded in 96-well microplates at a density of 1 × 10⁴ cells/well and incubated at 37 °C in a humidified 5% CO₂ incubator for 48 h until approximately 70–80% confluence was achieved. The cells were then treated with different concentrations of the test sample and further incubated for 24 h.
	Following treatment, morphological changes in untreated control and sample-treated cells were examined using a digital inverted microscope at 20× magnification, and representative images were captured. The cells were subsequently washed with phosphate-buffered saline (PBS, pH 7.4), and 20 μL of MTT solution (5 mg/mL in PBS) was added to each well. The plates were incubated at 37 °C in the dark for 4 h to allow the formation of formazan crystals. The resulting formazan crystals were dissolved by adding 100 μL of dimethyl sulfoxide (DMSO) to each well, and the absorbance was measured at 570 nm using a microplate spectrophotometer.
Cell viability was calculated using the following equation:
Cell viability (%) = (Absorbance of treated sample / Absorbance of untreated control) × 100
The percentage of cell inhibition was calculated as:
Cell inhibition (%) = 100 − Cell viability (%)
3. Results
3.1 Isolation of bacterial isolates from meat samples
	A total of 27 bacterial isolates were recovered from chicken, fish, and mutton samples, representing seven distinct bacterial species or genera. Among these, Klebsiella pneumoniae was the most frequently detected, appearing in 8 samples (88.8%): 3 from chicken (100%), 2 from fish (66.6%), and 3 from mutton (100%). Enterococcus faecalis and Salmonella species were each found in 5 samples (55.5%). Specifically, E. faecalis was detected in 2 chicken samples (66.6%), 1 fish sample (33.3%), and 2 mutton samples (66.6%); meanwhile, Salmonella species were identified in 2 chicken (66.6%), 1 fish (33.3%), and 2 mutton (66.6%) samples, respectively.
	Escherichia coli and Proteus mirabilis were each detected in a total of 3 samples (33.3%). E. coli was evenly distributed across the sample types, with 1 sample (33.3%) obtained from each source. P. mirabilis was isolated from chicken [1 (33.3%)] and fish [2 (66.6%)] samples but was not detected in mutton samples. Pseudomonas aeruginosa was isolated from chicken and mutton samples (1 sample from each source – 33.3%); A total of 2 samples (22.2%) were obtained through this. Citrobacter species were detected only in chicken samples (1 sample – 33.3%); this represents 11.1% of the total samples. Overall, among the isolated bacteria, K. pneumoniae showed the highest incidence rate, while Citrobacter species showed the lowest.


3.2 Isolation of ESBL and biofilm producing isolates
	The ESBL production and biofilm-forming ability of the 27 bacterial isolates were evaluated, and the results are presented in Table 1. Overall, 18 isolates (62.9%) were positive for ESBL production, while 14 isolates (51.9%) exhibited biofilm-forming ability. Among the three Escherichia coli isolates, 2 (66.7%) were ESBL-positive and 2 (66.7%) were biofilm-positive. Of the two Pseudomonas aeruginosa isolates, 1 (50.0%) was ESBL-positive, whereas both isolates (100%) exhibited biofilm formation (Fig.1).	Comment by USER: Change 18 to 17. 

	Among the five Enterococcus faecalis isolates, 3 (60.0%) were ESBL-positive and 1 (20.0%) showed biofilm-forming ability. Klebsiella pneumoniae comprised eight isolates, of which 5 (62.5%) were ESBL-positive and 3 (37.5%) were biofilm-positive. Among the three Proteus mirabilis isolates, 2 (66.7%) were ESBL-positive and 2 (66.7%) exhibited biofilm formation. The single Citrobacter sp. isolate was ESBL-positive (100%) but did not exhibit biofilm formation. Among the five Salmonella sp. isolates, 3 (60.0%) were ESBL-positive and 4 (80.0%) exhibited biofilm-forming ability (Fig.1). Overall, ESBL production was most frequently observed among Citrobacter sp. (100%),but which was from single isolate, followed by E. coli and P. mirabilis (66.7%), whereas biofilm formation was highest among P. aeruginosa (100%), followed by Salmonella sp. (80.0%).

Figure 1. Isolation of ESBL and Biofilm producing isolates	Comment by USER: Figure need standard error bars
3.3 Phytochemical Screening on Arthrospira platensis
	Preliminary phytochemical screening revealed differences in the phytochemical composition of the ethanol and aqueous extracts. The ethanol extract showed positive reactions for alkaloids, flavonoids, saponins, phenols, and terpenoids, whereas carbohydrates, tannins, sterols, quinones, and proteins were not detected. In contrast, the aqueous extract tested positive for alkaloids, Carbohydrates, tannins, and terpenoids, while flavonoids, saponins, phenols, sterols, quinones, and proteins were absent. Overall, the ethanol extract exhibited a broader range of detected phytochemical constituents, particularly flavonoids, saponins, and phenols, whereas the aqueous extract contained carbohydrates and tannins that were not detected in the ethanol extract.


3.4 Antibacterial activity of ethanol extract of Arthrospira platensis
	Based on the phytochemical screening results, the ethanol extract, which contained the highest number of phytochemical constituents, was selected for further antimicrobial evaluation. For the antibacterial assay, one biofilm-positive and ESBL-positive isolate from each bacterial genus was selected for further testing. The antibacterial activity of the ethanol extract of Arthrospira platensis was evaluated against seven foodborne bacterial isolates at concentrations ranging from 2.5 to 10 mg/mL, using DMSO as the solvent control and ciprofloxacin as the standard antibiotic. E. coli showed a concentration-dependent increase in antibacterial activity, with inhibition zones of 11, 13, 15, and 17 mm at 2.5, 5, 7.5, and 10 mg/mL, respectively. P. aeruginosa exhibited inhibition zones of 13 and 15 mm at 7.5 and 10 mg/mL, respectively. K. pneumoniae showed inhibition zones of 11 and 14 mm at 7.5 and 10 mg/mL, respectively. P. mirabilis exhibited inhibition zones of 10, 12, and 14 mm at 5, 7.5, and 10 mg/mL, respectively. Salmonella sp. showed a 12 mm inhibition zone at 10 mg/mL, while no activity was observed at the other concentrations. No antibacterial activity was detected against E. faecalis or Citrobacter sp. at any of the tested concentrations. DMSO did not produce any inhibition zone against the tested isolates, confirming that the observed antibacterial activity was attributable to the ethanol extract (Table 1). Ciprofloxacin produced inhibition zones ranging from 12 to 19 mm, with the highest activity observed against P. mirabilis (19 mm). Overall, the ethanol extract demonstrated concentration-dependent antibacterial activity against several tested isolates, with the highest inhibition zone observed against E. coli (17 mm) at 10 mg/mL. The 10 mg/mL concentration exhibited activity against E. coli, P. aeruginosa, K. pneumoniae, P. mirabilis, and Salmonella sp.
Table.1 Antibacterial activity of ethanol extract of Arthrospira platensis against food pathogens	Comment by USER: In Table 1, standard antibiotic (Std-Ab) shows no inhibition zone (-) against P. aeruginosa, E. faecalis, K. pneumoniae, Citrobacter sp., and Salmonella sp. Clarify whether these strains were resistant or if testing was not performed
	S.no
	Isolates
	Concentration of extract in mg
Zone of inhibition in mm
	DMSO
	Std -Ab

	
	
	2.5
	5
	7.5
	10
	
	

	1.
	E.coli
	11
	13
	15
	17
	-
	12

	2.
	P.aeruginosa
	-
	-
	13
	15
	-
	-

	3.
	E.faecalis
	-
	-
	-
	-
	-
	-

	4.
	K.pneumoniae
	-
	-
	11
	14
	-
	-

	5.
	P.mirabilis
	-
	10
	12
	14
	-
	19

	6.
	Citrobacter Sp
	-
	-
	-
	-
	-
	-

	7.
	Salmonella Sp
	-
	-
	-
	12
	-
	-


3.5 Antioxidant activity of ethanol extract of Arthrospira platensis
	According to phytochemical result, highest phytochemical containing ethanol extract was subjected to antioxidant activity, which exhibited concentration-dependent antioxidant activity in the DPPH radical-scavenging assay. The antioxidant activity of the Arthrospira platensis crude extract was evaluated at concentrations ranging from 25 to 1000 µg/mL using the DPPH radical-scavenging assay and compared with ascorbic acid as the standard antioxidant. The crude extract exhibited a concentration-dependent increase in antioxidant activity, increasing from 28.78% at 25 µg/mL to 39.50%, 49.10%, 57.42%, 68.60%, and 79.78% at 50, 100, 250, 500, and 1000 µg/mL, respectively. Similarly, ascorbic acid showed antioxidant activities of 41.83%, 49.46%, 57.53%, 66.13%, 76.02%, and 87.96% at the corresponding concentrations. At every tested concentration, the antioxidant activity of the A. platensis extract was lower than that of ascorbic acid. Nevertheless, the extract demonstrated substantial radical-scavenging activity, particularly at higher concentrations, reaching 79.78% at 1000 µg/mL, compared with 87.96% for ascorbic acid. These findings indicate that the A. platensis crude extract possesses appreciable antioxidant potential, although its activity remained lower than that of the reference standard across the tested concentration range. (Fig.2).

Figure.2 Antioxidant activity of ethanol extract of Arthrospira platensis and ascorbic acid	Comment by USER: Figure need standard error bars	Comment by USER: 
3.6 Anticancer activity of ethanol extract of A. platensis against HepG2
	The MTT assay demonstrated a concentration-dependent anticancer effect of Arthrospira platensis crude extract against HepG2 liver cancer cells. The untreated control showed a mean absorbance of 0.8983 ± 0.0038, indicating high cellular viability. Treatment with A. platensis extract at 10 µg/mL resulted in 7.90% inhibition and 92.10% cell viability, while 25 µg/mL produced 15.96% inhibition with 84.04% viability. At 50 µg/mL, the inhibition increased to 28.31%, accompanied by a reduction in cell viability to 71.69%. Treatment at 100 µg/mL resulted in 48.09% inhibition and 51.91% cell viability. The highest concentration tested, 250 µg/mL, exhibited the greatest anticancer activity, with 74.06% inhibition and a marked reduction in cell viability to 25.94%. Overall, the results demonstrated a progressive increase in HepG2 cell inhibition and a corresponding decrease in cell viability with increasing concentrations of A. platensis crude extract (Fig.3).

Fig.3 Percentage of inhibitory activity of ethanol extract of A. platensis against HepG2	Comment by USER: Figure need standard error bars
4. Discussion
	In the present study, Klebsiella pneumoniae was the most frequently recovered organism from chicken, fish, and mutton samples (88.8%), followed by Enterococcus faecalis and Salmonella sp. (55.5% each). This predominance of K. pneumoniae in retail meat and fish is consistent with previous reports describing the species as a major food-chain contaminant with zoonotic potential; K. pneumoniae was detected in nearly half of retail poultry meat samples in Bangladesh, with a substantial proportion carrying ESBL-encoding genes (Tanni et al., 2025). Vasanthi et al. (2023) reported E. coli and Klebsiella spp. from chicken meat samples collected in Tamil Nadu, confirming the occurrence of these organisms in poultry meat. Similarly, high recovery rates of Salmonella sp. and multidrug-resistant Enterobacteriaceae from poultry and meat products have been widely documented, reinforcing the role of animal-derived foods as an important reservoir for antimicrobial-resistant pathogens entering the human food chain (Siddique et al., 2021). Muthusamy et al. (2024) also reported substantial microbial contamination of goat meat and highlighted the importance of hygienic handling and prevention of cross-contamination.
	A substantial proportion of the isolates in this study (62.9%) were ESBL producers, with Citrobacter sp., E. coli, and Proteus mirabilis showing the highest phenotypic rates. This finding aligns with the growing body of evidence documenting ESBL-producing Enterobacteriaceae in retail meat; for instance, ESBL/AmpC-producing E. coli was confirmed in nearly 80% of presumptive isolates from beef, pork, and poultry in a Portuguese surveillance study (Clemente et al., 2021), while ESBL-producing E. coli with concurrent biofilm-forming ability has similarly been reported in chicken meat sold in Istanbul (Aydin et al., 2024). The co-occurrence of ESBL production and biofilm formation observed here, particularly the strong biofilm-forming ability of Pseudomonas aeruginosa (100%) and Salmonella sp. (80.0%), mirrors findings that biofilm-forming Salmonella and Enterobacteriaceae strains from poultry environments show a significant positive correlation between resistance determinants and biofilm capacity, which enhances environmental persistence and complicates decontamination during food processing (Siddique et al., 2021).
	The presence of biofilm-forming bacteria in meat and meat-processing environments is a significant food safety concern because these microorganisms can adhere to and persist on processing equipment, food-contact surfaces, storage areas, and meat products despite routine cleaning and sanitation practices. Biofilm formation facilitates bacterial attachment and accumulation, providing protection against environmental stresses, disinfectants, and other control measures. Pathogens such as Listeria monocytogenes, Salmonella spp., Escherichia coli O157, and Staphylococcus aureus can persist within biofilms and subsequently contribute to repeated contamination and cross-contamination of meat products. Furthermore, multispecies biofilms may enhance bacterial persistence and facilitate the exchange of antimicrobial-resistance determinants, increasing the potential for reduced shelf life and foodborne disease transmission (Oliulla et al., 2024; Araújo et al., 2024; Ban-Cucerzan et al., 2025; Akter et al., 2025).
	In this context, there is a need to eradicate biofilm-producing isolates using a natural, side-effect-free alternative rather than conventional antibiotics or chemical sanitizers. Accordingly, the present study was focused on suppressing biofilm-producing isolates using spirulina of Arthrospira platensis. Numerous studies have demonstrated multiple beneficial actions, such as antioxidant, anti-inflammatory, hypolipidemic, antidiabetic, cardioprotective, and even antimicrobial effects. Considering that chronic diseases remain a major global health concern, the use of natural and functional foods, such as spirulina, represents a promising complementary strategy for the prevention and management of these diseases. This approach aligns with the principle of Hippocrates: “Let food be the medicine and medicine be the food” (Christodoulopoulou et al., 2025).
	Based on the above findings, Arthrospira platensis was collected and subjected to preliminary phytochemical screening, as well as antibacterial, antioxidant, and anticancer activity evaluation. Preliminary phytochemical screening revealed that the ethanol extract of A. platensis contained a broader range of bioactive constituents, including alkaloids, flavonoids, saponins, phenols, and terpenoids, whereas the aqueous extract contained mainly carbohydrates and tannins. Similarly, Anwar et al. (2020) reported the presence of saponins, steroids, and alkaloids in the ethanol extract of A. platensis. In another study, Loe et al. (2018) reported the presence of tannins, flavonoids, saponins, terpenes, and alkaloids in the aqueous extract of A. platensis. These findings indicate that the phytochemical composition of A. platensis may vary depending on the extraction solvent and extraction conditions.
	This solvent-dependent extraction pattern has been reported previously; ethanol and methanol extracts of S. platensis are generally richer in flavonoid, saponin, and phenolic constituents relevant to bioactivity, whereas aqueous extracts tend to favour polysaccharide- and carbohydrate-associated compounds, with comparative studies confirming that flavonoid content differs markedly between aqueous and ethanolic fractions of the same biomass (Kumar et al., 2022). This distinction likely explains why the ethanol extract, rather than the aqueous extract, was selected for downstream bioactivity testing in this study, since phenolic and flavonoid constituents are the primary contributors to antimicrobial, antioxidant, and cytotoxic activity in Spirulina.	
	The ethanol extract exhibited clear, concentration-dependent antibacterial activity against Gram-negative food isolates, with E. coli showing the greatest susceptibility (up to 17 mm at 10 mg) and no activity detected against E. faecalis or Citrobacter sp. This broadly supports earlier reports that S. platensis extracts inhibit key Gram-negative foodborne pathogens including E. coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Salmonella typhi (Kaushik and Chauhan, 2008). However, the lack of activity against E. faecalis in the present study contrasts with a report in which the ethanol extract of S. platensis completely inhibited E. faecalis at 50 mg/mL (Al-Ghanayem, 2017); this discrepancy may reflect differences in extract concentration, strain-specific resistance mechanisms, or variation in cell wall composition between Gram-positive and Gram-negative organisms, since Gram-positive bacteria such as Enterococcus possess a thick peptidoglycan layer that can restrict penetration of certain phenolic compounds. The comparatively higher susceptibility of E. coli relative to P. mirabilis and Salmonella sp. observed here may be attributable to differences in outer-membrane permeability and efflux pump expression among these genera. However, based on the literature, no one was suppressed the ESBL and biofilm producing food isolates with A. platensis. 
	The DPPH assay showed concentration-dependent antioxidant activity for both the A. platensis crude extract and ascorbic acid. The extract activity increased from 28.78% at 25 µg/mL to 79.78% at 1000 µg/mL, while ascorbic acid increased from 41.83% to 87.96% at the corresponding concentrations.The higher activity of ascorbic acid compared with the crude extract at the tested concentrations indicates the greater radical-scavenging efficiency of the standard antioxidant. However, the substantial DPPH inhibition exhibited by the crude extract, particularly at higher concentrations, demonstrates that it possesses appreciable antioxidant potential.
	The observed concentration-dependent pattern is consistent with previous reports on S. platensis ethanolic extracts, in which DPPH radical-scavenging activity increased progressively with concentration, reaching approximately 57.6% at 200 μg/mL with a calculated IC₅₀ of 95.84 μg/mL (Al-Saily et al., 2024). The comparatively high inhibition observed in the present study at higher concentrations may be associated with the presence of bioactive constituents such as phycocyanin, carotenoids, phenolic compounds, and other antioxidant molecules present in Spirulina. These constituents may contribute to DPPH radical neutralization through hydrogen- or electron-donating mechanisms. Previous studies have also reported the contribution of phycobiliproteins, carotenoids, and phenolic constituents to the antioxidant properties of Spirulina (Spínola et al., 2024).	
	There are numerous complexities and challenges associated with cancer treatment globally, prompting ongoing research to refine and improve therapeutic approaches. While Spirulina has been the subject of various studies regarding cancer, the existing evidence remains insufficient; therefore, this study was conducted to investigate whether Spirulina possesses properties capable of treating liver cancer.	The present MTT assay demonstrated a clear concentration-dependent cytotoxic effect of the crude Arthrospira platensis extract against HepG2 hepatocellular carcinoma cells. The control showed a mean absorbance of 0.8983, whereas treatment with the crude extract progressively reduced cellular metabolic activity with increasing concentration. At 10 µg/mL, the extract produced only 7.90% inhibition with 92.10% cell viability, while increasing the concentration to 25 and 50 µg/mL resulted in 15.96% and 28.31% inhibition, respectively. At 100 µg/mL, the inhibition increased to 48.09%, with cell viability reduced to 51.91%. The highest concentration tested 250 µg/mL, produced 74.06% inhibition and reduced cell viability to 25.94%. This concentration-dependent response indicates that the crude A. platensis extract progressively inhibited HepG2 cell metabolic activity. A similar dose-dependent cytotoxic response was reported by Akbarizare et al. (2020), who observed that aqueous and methanolic extracts of Spirulina platensis inhibited HepG2 cell viability, with reported IC₅₀ values of approximately 1.7 and 1.28 mg/mL, respectively. The authors also observed morphological alterations such as cell rounding, shrinkage and detachment following extract treatment, supporting the potential cytotoxic activity of Spirulina constituents against hepatocellular carcinoma cells.
	The present findings are also supported by a study specifically evaluating Spirulina platensis extract against HepG2 cells, in which the extract showed concentration-dependent cytotoxicity and an IC₅₀ of 167.4 µg/mL (Al-Saily et al., 2024). In another study, water extract of S. platensis exhibited cytotoxic activity against HepG2 cells with an IC₅₀ of 22.3 µg/mL (Zaid et al., 2015), although differences in extraction procedure, extract composition, treatment conditions and assay methodology can substantially influence cytotoxic potency. The cytotoxic activity of A. platensis has been attributed to its diverse bioactive constituents, including phenolic compounds, pigments, carotenoids, polysaccharides and other secondary metabolites. Previous research has demonstrated that phenolic and alkaloid fractions from S. platensis can inhibit HepG2 cell proliferation, with the more purified fractions showing greater activity than the crude extracts (Akbarizare et al., 2020). In the present study, the marked reduction in viability to 25.94% at 250 µg/mL and approximately 50% inhibition at 100 µg/mL indicates substantial cytotoxic potential of the crude A. platensis extract.

5. Conclusion 
	The present study demonstrated that contaminated chicken, fish, and goat meat can serve as sources of clinically important foodborne bacterial pathogens, with a substantial proportion showing ESBL production and biofilm-forming ability. The ethanol extract of Arthrospira platensis exhibited concentration-dependent antibacterial activity, particularly against E. coli, and showed considerable DPPH radical-scavenging activity at higher concentrations. The extract also demonstrated concentration-dependent cytotoxic activity against HepG2 cells, indicating its potential to inhibit cancer cell proliferation. The greater phytochemical diversity observed in the ethanol extract may contribute to these biological activities. Overall, the findings suggest that A. platensis ethanol extract is a promising source of bioactive compounds with antibacterial, antioxidant, and anticancer activities, and may have potential for further investigation as an alternative natural source for controlling foodborne pathogens and associated food safety risks.
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