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Abstract
Microbial spoilage of fruits is a major challenge affecting food quality, shelf life, and public health. At the same time, the increasing emergence of antibiotic-resistant pathogens has created an urgent need to explore alternative antimicrobial agents derived from natural sources. Medicinal plants and spices have long been recognized for their therapeutic properties, particularly due to the presence of bioactive compounds such as phenolics, flavonoids, alkaloids, and essential oils. In this context, the present study evaluates the antimicrobial potential of ethanolic seed extracts of poppy (Papaver somniferum) and fennel (Foeniculum vulgare) against bacteria isolated from spoiled fruits as well as selected human pathogenic bacteria.Spoiled fruit samples, specifically apples and bananas, were collected and subjected to microbiological analysis to isolate and identify associated bacterial species. The isolates were cultured and characterized using standard microbiological techniques. Ethanolic extracts of poppy and fennel seeds were prepared using solvent extraction methods to obtain the active phytochemical constituents. The antimicrobial activity of these extracts was evaluated using the disc diffusion method against the isolated bacteria and selected human pathogens, including Streptococcus mutans and Bacillus cereus.The results demonstrated that both poppy and fennel seed extracts exhibited measurable antibacterial activity. Significant zones of inhibition were observed, particularly against Streptococcus mutans (9 mm) and Bacillus cereus (7 mm), indicating the effectiveness of these plant extracts in inhibiting bacterial growth. The antimicrobial activity may be attributed to the presence of bioactive compounds such as essential oils, phenolic compounds, and other phytochemicals known for their bacteriostatic and bactericidal properties.
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1. Introduction
Fruits such as apples (Malus domestica) and bananas (Musa spp.) are highly perishable and prone to microbial spoilage. Up to 50% of fruits are lost globally due to microbial contamination, mainly by bacteria such as Pseudomonas spp., Erwinia spp., and Bacillus spp. Plant-derived antimicrobials, such as poppy and fennel seed extracts, offer promising alternatives to synthetic preservatives. This study evaluates their efficacy against bacterial isolates from spoiled fruits and human pathogens.n recent years, the increasing incidence of antibiotic-resistant pathogens has become a major global public health concern. The excessive and improper use of synthetic antibiotics in medicine, agriculture, and food production has accelerated the development of resistant microbial strains. This growing resistance reduces the effectiveness of conventional antibiotics, making the treatment of infectious diseases more challenging. As a result, there is an urgent need to explore alternative antimicrobial agents that are effective, safe, environmentally friendly, and economically feasible. Natural products derived from plants have gained significant attention as potential sources of novel antimicrobial compounds.
Medicinal plants and spices have been traditionally used in various cultures for their therapeutic properties, including antimicrobial, antioxidant, anti-inflammatory, and medicinal benefits. Seeds, herbs, and plant extracts contain a wide range of bioactive compounds such as alkaloids, flavonoids, phenolic acids, tannins, and essential oils that contribute to their antimicrobial activity. These phytochemicals can inhibit the growth of microorganisms by disrupting cell membranes, interfering with metabolic processes, and preventing the replication of microbial cells. Consequently, plant-based extracts are increasingly being investigated as natural alternatives to synthetic chemical preservatives and antibiotics.
Among medicinal plants, poppy (Papaver somniferum) and fennel (Foeniculum vulgare) have been widely recognized for their nutritional and medicinal significance. Papaver somniferum seeds are rich in alkaloids, fatty acids, proteins, and phenolic compounds that exhibit various pharmacological properties, including antimicrobial, analgesic, and antioxidant activities. Similarly, Foeniculum vulgare, commonly known as fennel, is an aromatic medicinal plant widely used as a spice and herbal remedy. Fennel seeds contain essential oils such as anethole, fenchone, and estragole, along with phenolic compounds and flavonoids, which contribute to their antimicrobial and antioxidant potential.
The antimicrobial properties of these plant seeds have attracted considerable interest in recent years, particularly for their possible applications in food preservation and disease control. Plant extracts may help inhibit the growth of food spoilage microorganisms and pathogenic bacteria, thereby extending the shelf life of food products and improving food safety. Furthermore, the use of plant-derived antimicrobial agents is considered more sustainable and environmentally friendly compared to synthetic chemicals.
Therefore, the present study aims to investigate the antimicrobial potential of ethanolic extracts of poppy (Papaver somniferum) and fennel (Foeniculum vulgare) seeds against bacterial isolates obtained from spoiled fruits such as apples and bananas, as well as selected human pathogenic bacteria. The antibacterial activity of these extracts was evaluated using the disc diffusion method to determine their inhibitory effects on microbial growth. The findings of this study may contribute to the development of natural antimicrobial agents that can be utilized in food preservation and healthcare applications, thereby offering a safer and eco-friendly alternative to conventional antibiotics and chemical preservatives.
2. Materials and Methods
(i)Collection, Isolation, and purification of microbes:
Rotten fruit samples were collected from spoiled apples and bananas available in the local fruit market at Palayamkottai, Tirunelveli, Tamil Nadu, India. The samples were collected using sterile techniques and immediately transferred into sterile Ziploc bags to prevent external contamination during transportation. The collected samples were transported to the microbiology laboratory for further analysis and microbial isolation following the procedures described by Valanarasu et al. (2009) and Saadoun et al. (1999).
For the isolation of microorganisms associated with fruit spoilage, the serial dilution plate technique was employed as described by Ellaiah et al. (1996). Approximately 1 g of the spoiled fruit tissue was aseptically transferred into 9 mL of sterile distilled water to obtain the initial dilution (10⁻¹). Further serial dilutions were prepared up to appropriate concentrations. From each dilution, 0.1 mL of the sample was spread evenly onto sterile nutrient agar plates using a sterile spreader.
The inoculated plates were incubated at 37°C for 24 hours to allow microbial growth. After incubation, distinct bacterial colonies were observed and selected based on differences in colony morphology such as size, shape, color, and texture. These colonies were further purified using the streak plate method to obtain pure cultures of the microorganisms. The purified isolates were maintained on nutrient agar slants and stored at 4°C for further experimental analysis (Agrawal, 2003).

(ii) Extracts preparation 
The plant materials used in this study included seeds of poppy (Papaver somniferum) and fennel (Foeniculum vulgare). The collected seed samples were thoroughly washed with distilled water to remove dust and impurities. The cleaned samples were then shade-dried at room temperature for approximately three to five days to remove moisture while preserving the bioactive compounds present in the plant materials.
After complete drying, the plant samples were coarsely powdered using an electric blender. A measured quantity of 200 g of the powdered plant material was soaked in 500 mL of ethanol for a period of 72 hours at room temperature to facilitate the extraction of bioactive phytochemicals. During the soaking period, the mixture was periodically shaken to ensure proper mixing and efficient extraction of compounds.
Following the extraction process, the mixture was filtered using Whatman filter paper to separate the plant residues from the solvent containing the dissolved phytochemicals. The filtrate was then concentrated using a rotary evaporator under reduced pressure to remove the solvent and obtain the crude ethanolic extract. The concentrated extracts were stored in sterile containers at low temperature until further use for antimicrobial testing.(Fig1-7)

(iii)Pathogenic microbes 

The antimicrobial activity of the plant extracts was tested against a range of human pathogenic bacteria and bacteria isolated from spoiled fruits. The human pathogenic strains used in the study included Klebsiella spp., Proteus mirabilis (MTCC-3310), Serratia marcescens (MTCC-4622), Staphylococcus aureus (MTCC-15029), Enterococcus faecalis (MTCC-15036), Bacillus cereus (MTCC-12856), Streptococcus mutans (MTCC-497), and Methicillin-resistant Staphylococcus aureus (MRSA).
In addition to these pathogens, bacterial isolates obtained from spoiled fruit samples were also included in the antimicrobial screening. These isolates were labeled as Fruits bacteria 1 (F-1), Fruits bacteria 2 (F-2), Fruits bacteria 3 (F-3), Fruits bacteria 4 (F-4), Fruits bacteria 5 (F-5), Fruits bacteria 6 (F-6), and Fruits bacteria 7 (F-7).
All microbial cultures were maintained under controlled laboratory conditions at the Xavier Research Foundation, St. Xavier’s College, Palayamkottai, Tirunelveli, Tamil Nadu, India. The cultures were preserved on nutrient agar slants and subcultured periodically to maintain their viability for experimental purposes.

(iv) Disc diffusion method 

The antibacterial activity of the crude ethanolic extracts of poppy and fennel seeds was evaluated using the disc diffusion method as described by Bauer et al. (1996). Muller-Hinton Agar (MHA) medium (HiMedia) was used for bacterial cultures. Approximately 20 mL of sterile MHA was poured into sterile Petri plates and allowed to solidify under aseptic conditions.
The selected bacterial pathogens were cultured and evenly swabbed over the surface of the solidified agar medium using sterile cotton swabs to ensure uniform microbial growth. Sterile filter paper discs were then impregnated with the prepared plant extracts at concentrations of 5.0 mg/disc and 10.0 mg/disc.
The extract-loaded discs were carefully placed on the surface of the inoculated agar plates using sterile forceps. A standard antibiotic, streptomycin (25 μg/disc), was used as the positive control to compare the antibacterial activity of the plant extracts, while a blank disc served as the negative control.
The plates were left undisturbed at room temperature for approximately 30 minutes to allow proper diffusion of the extracts into the agar medium. Subsequently, the plates were incubated at 37°C for 24 hours. After incubation, the antimicrobial activity was assessed by measuring the diameter of the clear zones of inhibition around the discs in millimeters (mm). The results were recorded and compared to determine the effectiveness of the plant extracts against the tested microorganisms.
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             Fig-3   Poppy seeds Powder                                      Fig-4 Fennel seeds Powder
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Results:

The antimicrobial activity of the ethanolic seed extracts of Papaver somniferum (poppy) and Foeniculum vulgare (fennel) was evaluated against a range of human pathogenic bacteria and bacterial isolates obtained from spoiled fruits. The antibacterial efficacy of the extracts was determined using the disc diffusion method, and the results were expressed as the diameter of the clear zones of inhibition surrounding the discs. The presence of a clear inhibition zone around the discs indicated the susceptibility of the tested microorganisms to the plant extracts.
The results demonstrated that both plant extracts exhibited measurable antimicrobial activity against several of the tested bacterial strains. However, the degree of inhibition varied among the bacterial species, indicating differences in susceptibility. Overall, both extracts showed significant antibacterial effects, with Streptococcus mutans being the most susceptible organism among the tested pathogens.
The ethanolic crude extract of poppy seeds (Papaver somniferum) showed the highest antibacterial activity against Streptococcus mutans MTCC-497 with a zone of inhibition measuring 9 mm. Moderate antibacterial activity was observed against Fruits Bacteria 5 (F-5) and Fruits Bacteria 3 (F-3), each showing inhibition zones of 8 mm. The extract also showed noticeable inhibitory effects against Bacillus cereus MTCC-12856 with a zone of inhibition of 7 mm. In addition, the poppy extract exhibited antibacterial activity against MRSA and Klebsiella spp., producing inhibition zones of approximately 6 mm. A lower level of antibacterial activity was recorded against Fruits Bacteria 2 (F-2), with an inhibition zone of 6 mm, while the weakest activity was observed against Proteus mirabilis MTCC-3310 with a zone of inhibition measuring 5 mm.
Similarly, the ethanolic crude extract of fennel seeds (Foeniculum vulgare) demonstrated effective antibacterial activity against several tested microorganisms. The highest activity was again observed against Streptococcus mutans MTCC-497, producing an inhibition zone of 9 mm, similar to that of the poppy extract. Moderate antibacterial activity was recorded against Fruits Bacteria 5 (F-5), Klebsiella spp., and Bacillus cereus MTCC-12856, each producing inhibition zones of approximately 7 mm. In addition, the fennel extract showed moderate inhibitory activity against Fruits Bacteria 3 (F-3) with a zone of inhibition measuring 5 mm. A similar inhibition zone of 5 mm was also observed against Proteus mirabilis MTCC-3310.
Comparative analysis of the two plant extracts revealed that both poppy and fennel seed extracts exhibited notable antimicrobial activity against several bacterial strains, particularly Streptococcus mutans. The poppy extract demonstrated slightly stronger antibacterial activity against certain fruit-associated bacterial isolates, whereas the fennel extract showed relatively consistent inhibition across multiple pathogens, suggesting a broad-spectrum antimicrobial effect. The inhibition observed against MRSA and other pathogenic bacteria indicates the potential effectiveness of these plant extracts against antibiotic-resistant strains.
Overall, the findings indicate that both Papaver somniferum and Foeniculum vulgare seed extracts possess promising antibacterial properties against both fruit-associated bacteria and human pathogens. The results obtained from the disc diffusion assay highlight the potential of these plant-based extracts as natural antimicrobial agents. The detailed results of the antimicrobial screening, including the inhibition zone diameters for each tested microorganism, are presented in Table 1.
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Discussion:
In this context, plant-based antimicrobial agents could play a vital role. When used
 alongside conventional antibiotics, plant-derived antimicrobials could enhance infection 
treatment. Regardless of how genetically well-equipped multidrug-resistant (MDR) 
Bacteria may be, but they cannot easily overcome the complex mechanisms of  
phytochemicals. This has been consistently observed in vitro with various plant extracts 
(Dubey & Padhy, 2013; Mishra & Padhy, 2013; Rath & Padhy, 2013; Sahu et al., 2015).
 
Agar diffusion techniques have been widely used to test the antimicrobial activity of
 plant extracts (Das et al., 2010; Perez et al., 1990; Rojas et al., 2006). In the present 
study, these techniques were useful for screening the antibacterial potential of plant 
extracts. Overall, the antibacterial activity of the tested samples was more effective
 against Gram-positive bacteria than Gram-negative bacteria. Gram-negative bacteria are 
typically more resistant to antimicrobial agents due to their outer membrane, which acts 
as a permeability barrier limiting access to antimicrobial targets (Vaara, 1992). Both
 extracts exhibited a high degree of antibacterial activity, particularly against MTCC-497, 
with inhibition zones of 9 mm for both extracts. They also showed moderate activity 
against several other bacterial strains with varying degrees of inhibition.

 When comparing the two extracts, they demonstrated similar antibacterial performance. 
However, the ethanolic crude extract of poppy seeds (Papaver somniferum) exhibited 
slightly stronger activity against certain strains, such as Fruits Bacteria 5 (F-5) and Fruits 
Bacteria 3 (F-3). Meanwhile, the ethanolic crude extract of fennel seeds (Foeniculum 
vulgare) was more consistent in its activity across a broader range of bacteria, showing 
similar effects to streptomycin. The fact that both extracts were active against both Gram-
positive and Gram-negative species suggest that they possess broad-spectrum 
antibacterial properties. Similarly, the crude extracts and fractions of six medicinal plants.
 have also been reported in earlier studies to display significant antimicrobial potential, 
further reinforcing the therapeutic value of plant-derived compounds in combating 
resistant bacterial infections.

Arisaema flavum, Debregeasia salicifolia, Carissa opaca, Pistacia integerrima, Aesculus
 Indica, and Toona ciliata were tested against three Gram-positive and two Gram-negative bacteria. The crude extracts of P. integerrima and A. indica showed activity against all tested bacterial strains, with inhibition zones ranging from 12 to 23 mm, while the other four plants exhibited variable activity against different bacterial strains. The aqueous fractions of A. indica and P. integerrima demonstrated maximum activity (19.66 mm and 16 mm, respectively) against Bacillus subtilis, whereas the chloroform fractions of T. Ciliata and D. salicifolia showed strong antibacterial activity (13–17 mm inhibition zones) against all tested bacterial cultures (Bibi et al., 2011). Previous studies have also reported variable antibacterial activity of plant extracts and their fractions, inspiring further efforts to isolate bioactive compounds (Janicsak et al., 2011; Yin et al., 2010; Nenaah, 2010).

 With the rising concern over microbial resistance, tremendous interest has emerged in 
identifying new antimicrobial agents, particularly from herbal sources. Cinnamomum
 tamala (Buch.-Ham.) Nees & Ebern, an important traditional medicinal plant mentioned 
Ins ancient texts such as Ayurveda, has been evaluated for its antibacterial potential.
 Various extracts of this plant were tested against six bacterial strains, showing variable 
degrees of inhibition depending on the extraction method, plant part used, and solvent 
employed. Among the organic extracts, ethanol, methanol, and ethyl acetate demonstrated significant activity against all tested bacteria except Escherichia coli, which
 was resistant to all extracts. The methanol extract was found to be more effective than 
aqueous extracts, highlighting the potential of C. tamala in the development of active 
antibacterial agents (Goyal et al., 2009).

The rise in antimicrobial resistance necessitates the use of alternative agents such as
 phytochemicals. Both extracts demonstrated activity against Gram-positive and Gram-negative bacteria, with slightly greater efficacy seen in poppy extracts. Their
 effectiveness is attributed to the presence of bioactive compounds such as alkaloids and 
essential oils, as observed in previous literature. This supports their potential use in food 
preservation and health care applications.
5. Conclusion
Ethanolic extracts from Papaver somniferum and Foeniculum vulgare seeds represent a compelling, eco-friendly frontier in the search for alternatives to synthetic antimicrobial agents. By leveraging the synergistic power of secondary metabolites—such as the isoquinoline alkaloids found in poppy and the phenylpropanoids like trans-anethole in fennel—these extracts effectively disrupt bacterial membrane integrity and inhibit cellular replication. This dual-action capability not only offers a viable solution for extending the shelf life of fresh produce by suppressing common spoilage microbes but also serves as a promising candidate for topical pharmaceutical applications in the health sector. However, to transition these findings from laboratory results to standardized commercial solutions, rigorous phytochemical analysis is essential. Utilizing advanced techniques like Gas Chromatography-Mass Spectrometry (GC-MS) to profile volatile compounds and High-Performance Liquid Chromatography (HPLC) to quantify bioactive concentrations, as illustrated in the typical workflow below, is necessary to ensure safety, efficacy, and consistency for end-user applications..
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