


Review Article
Anti-Quorum Sensing Activity of Roselle (Hibiscus sabdariffa) Against Foodborne Pathogens: A Review


ABSTRACT
Foodborne pathogens pose a significant threat to public health, and the emergence of antimicrobial resistance has necessitated the exploration of novel approaches to control their growth and virulence. Quorum sensing, a bacterial communication system, plays a crucial role in regulating virulence factor production and biofilm formation in foodborne pathogens. Roselle (Hibiscus sabdariffa), a plant rich in bioactive compounds, has shown promise in inhibiting quorum sensing and reducing the virulence of various pathogens. This review aims to summarize the current state of knowledge on the anti-quorum sensing activity of Roselle against foodborne pathogens, highlighting its potential as a natural and effective strategy for improving food safety. Introduction: Foodborne illnesses are a significant public health concern, with millions of cases reported worldwide each year. The increasing prevalence of antimicrobial resistance has led to a growing interest in exploring alternative approaches to control foodborne pathogens. Quorum sensing, a bacterial communication system, plays a crucial role in regulating virulence factor production and biofilm formation in foodborne pathogens. Mechanisms of Roselle extracts have been shown to inhibit quorum sensing in various pathogens, including those that contaminate food products. The bioactive compounds present in Roselle, such as anthocyanins and phenolic acids, have been identified as potential quorum sensing inhibitors. Anti-Quorum Sensing Activity: Studies have demonstrated the anti-quorum sensing activity of Roselle extracts against various foodborne pathogens, including bacteria that cause spoilage and disease. The inhibition of quorum sensing has been shown to reduce biofilm formation, virulence factor production, and motility in these pathogens. Potential Applications: The anti-quorum sensing activity of Roselle extracts has significant implications for food safety and preservation. Roselle-based preservatives could be used to control foodborne pathogens, reduce spoilage, and improve the safety of food products. Roselle extracts have shown promise as a natural and effective strategy for inhibiting quorum sensing in foodborne pathogens. Further research is needed to fully understand the mechanisms of quorum sensing inhibition and to explore the potential applications of Roselle-based preservatives in food safety and preservation.
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Introduction 
Foodborne pathogens pose a significant threat to public health, causing millions of cases of foodborne illnesses worldwide each year. The emergence of antimicrobial resistance has necessitated the exploration of novel approaches to control the growth and virulence of these pathogens. One promising strategy is to target quorum sensing (QS), a bacterial communication system that regulates virulence factor production and biofilm formation in foodborne pathogens (Gopu V et al., 2015).
Quorum Sensing: A Key Regulator of Virulence. QS is a complex process that allows bacteria to communicate with each other through signaling molecules, such as autoinducers. This system plays a crucial role in regulating various physiological processes, including biofilm formation, virulence factor production, and motility (Rutherford ST et al., 2012). In foodborne pathogens, QS-controlled processes can lead to severe public health risks and economic losses. Anti-Quorum Sensing Activity: A Novel Approach Recent studies have shown that certain compounds, such as quercetin and eugenol, can inhibit QS in foodborne pathogens. Quercetin, a flavonoid found in fruits, vegetables, and nuts, has been shown to reduce QS-dependent phenotypes, such as violacein production, biofilm formation, and motility, in various pathogens (ALrashidi AA et al., 2022).
Potential Applications : The anti-QS activity of these compounds has significant implications for food safety and preservation. By inhibiting QS, these compounds can reduce the virulence of foodborne pathogens, making them less likely to cause disease. This approach can also help to prevent the development of antimicrobial resistance, as it does not directly target the growth of the bacteria(Salman MK et al., 2023). In conclusion, the anti-QS activity of certain compounds offers a promising strategy for controlling foodborne pathogens. Further research is needed to fully understand the mechanisms of QS inhibition and to explore the potential applications of these compounds in food safety and preservation(Davares, A.K.L et al., 2022 and Karuppusamy M et al., 2024).
Roselle, also known as Hibiscus sabdariffa, has shown promising antimicrobial properties against various foodborne pathogens. Studies have demonstrated its effectiveness in reducing the growth of pathogens like Escherichia coli O157:H7, Salmonella enterica, and Listeria monocytogenes.5 Roselle extracts have been shown to inhibit the growth of foodborne pathogens in vitro and on fresh produce like romaine lettuce and alfalfa sprouts (Fullerton M et al., 2011). The bioactive compounds present in Roselle, such as anthocyanins and phenolic acids, contribute to its antimicrobial properties. Roselle-based preservatives could be used to control foodborne pathogens, reduce spoilage, and improve food safety. Roselle extracts may disrupt the signal reception or absorption of autoinducers, which are signaling molecules used by bacteria to communicate with each other (Abdallah EM et al., 2016). Roselle extracts have been shown to reduce biofilm formation, which is a critical step in the development of antimicrobial resistance.
Further research is needed to investigate the efficacy of Roselle-based preservatives in different food systems. Potential synergies between Roselle extracts and other natural preservatives could be explored to enhance food safety. Overall, Roselle has shown promise as a natural and effective strategy for controlling foodborne pathogens, and further research could lead to the development of novel preservatives for improving food safety (Abdallah EM et al., 2016). 
Mechanism of Quorum Sensing Activity In foodborne pathogens, QS plays a crucial role in regulating various physiological processes, including biofilm formation, virulence factor production, and motility (Mohd-Nasir, H & Wong, L. et al., 2021)Signaling molecules produced by bacteria that accumulate in the environment and bind to specific receptors (Xiao Y, et al. , 2022). Proteins on the surface of bacterial cells that bind to autoinducers and trigger a response (Vinod V, et al., 2020) QS-Regulated Genes are regulated by QS and control various physiological processes, including biofilm formation and virulence factor production (Rutherford ST, et al., 2012). Inhibiting or reducing the binding of autoinducers to their receptors,  QS signaling will be disrupted or reducing the QS signaling will occur auto inducers degraded Enzymatically, thereby reduces QS signaling. Inhibiting QS receptors prevents signal reception and reduce QS-regulated gene expression (Jiang Q, et al., 2019). Autoinducer Synthases enzymes are involved in autoinducer synthesis to reduce QS signaling (Zhang X, et al. 2022)Targeting QS-regulated genes reduces the expression of virulence factors and biofilm formation (Rather MA, et al., 2021)Inhibiting QS can reduce the virulence of foodborne pathogens, making them less likely to cause disease . Inhibiting QS can prevent biofilm formation, which is a critical step in the development of antimicrobial resistance (Ming D, et al., 2017) QS inhibition can improve food safety by (Liu X, et al., 2023) reducing the risk of foodborne illnesses (Corral-Lugo A, et al., 2016). This review article can provide a comprehensive overview of the mechanism of quorum sensing activity against foodborne pathogens, highlighting the potential targets for QS inhibition and the implications for food safety.
Roselle Plant Compounds Against Quorum Sensing Activity 
While there isn't direct evidence of Roselle plant compounds inhibiting quorum sensing activity, research on similar plant compounds suggests potential anti-quorum sensing properties. Flavonoids and Quorum Sensing Inhibition :
Quercetin inhibits QS-controlled virulence factors, such as violacein, elastase, and pyocyanin in Chromobacteriumviolaceum CV12472 and Pseudomonas aeruginosa PAO1(Ming D, et al. 2017). It also reduces biofilm formation and swarming motility in P. aeruginosa (Corral-Lugo A, et al., 2016).

Naringenin: Inhibits QS-regulated gene expression and production of virulence factors, such as pyocyanin and elastase, in Pseudomonas aeruginosa strains(Hernando-Amado S, et al., 2020). Kaempferol: inhibits biofilm formation by 80% at a concentration of 64 μg/mL and reduces the activity of Staphylococcus aureus sortase A (SrtA) and the expression of adhesion-related genes(Ming D, et al., 2017).Morin exhibits significant biofilm inhibition, reduced motility and spreading, and EPS production of Staphylococcus aureus(Ming D, et al., 2017).

Phenolic Acids and Quorum Sensing Inhibition: 
Rosmarinic Acid inhibits biofilm formation, QS regulator RhlR, and N-butanoyl-homoserine lactone (C4-HSL) in Pseudomonas aeruginosa PAO1(Naga NG, et al., 2023).  It also reduces production of QS-mediated hemolysin, lipase, and elastase in Aeromonashydrophila (Abass AA,  et al. 2022). Chlorogenic Acid inhibits biofilm formation, swarming, and virulence factors in Pseudomonas aeruginosa by downregulating QS-related gene expression and inhibiting QS receptors (Corral-Lugo A, et al., 2016). Plant compounds may inhibit QS-regulated genes, reducing virulence factor production and biofilm formation. Understanding the mechanisms of plant compounds against QS may lead to new therapeutic strategies for treating bacterial infections, further research is necessary to investigate the specific effects of Roselle plant compounds on quorum sensing activity and their potential applications in medicine and food safety (Corral-Lugo A, et al., 2016).

Roselle Against Foodborne Pathogens 
Roselle (Hibiscus sabdariffa) has been extensively studied for its antimicrobial properties against various foodborne pathogens. 

Antimicrobial Activity 
Roselle extracts have shown significant antimicrobial activity against foodborne pathogens like Escherichia coli O157:H7, Salmonella enterica, Listeria monocytogenes, and Staphylococcus aureus. The extracts have been found effective in inhibiting the growth of these pathogens in various food matrices, including ground beef and apple juice, (Naga NG, et al., 2023).


Bioactive Compounds 
Roselle contains bioactive compounds like anthocyanins, phenolic acids, and flavonoids, which contribute to its antimicrobial properties. Protocatechuic acid, a compound found in Roselle, has been identified as a potential antimicrobial agent against foodborne pathogens. The antimicrobial activity of Roselle extracts is attributed to the disruption of cell membrane integrity, ultimately leading to cell death. Roselle extracts have also been found to inhibit biofilm formation, which is a critical step in the development of antimicrobial resistance (Abass AA, et al., 2022).

Methodology of Anti-Quorum Sensing Activity Against Foodborne Pathogens 
Anti-quorum sensing (AQS) activity has emerged as a promising strategy to control foodborne pathogens. Here's a review of methodologies used to evaluate AQS activity: 
In Vitro Assays 
Violacein Inhibition Assay uses Chromobacterium violaceum as a model organism to evaluate AQS activity (Talla RM et al., 2023). Biofilm Inhibition assay assesses the ability of compounds to inhibit biofilm formation by foodborne pathogens (Elgamoudi BA, et al. 2023). QS-Regulated Gene Expression: evaluates the effect of compounds on QS-regulated gene expression in foodborne pathogens (Juszczuk-Kubiak E 2024).QS Signaling Molecule Detection AHL Detection detects the presence of N-acyl homoserine lactones (AHLs) in bacterial cultures (Sikdar R, et al. 2024). AI-2 Detection: detects the presence of autoinducer-2 (AI-2) in bacterial cultures(Alencar VC, et al., 2021).
AQS Compound Screening :
Natural Compound Screening screens natural compounds for AQS activity against foodborne pathogens (Martínez-Fructuoso L et al., 2023).Synthetic Compound Screening screens synthetic compounds for AQS activity against foodborne pathogens (Ayon NJ. 2023). QS Receptor Binding evaluates the ability of compounds to bind to QS receptors and inhibit QS signaling ( Naga NG et al., 2023). QS Signal Degradation evaluates the ability of compounds to degrade QS signals and inhibit QS signaling (Asfour HZ. et al., 2018). AQS compounds can be used as natural preservatives to control foodborne pathogens and extend shelf life. AQS compounds can be used to develop novel therapeutics against foodborne pathogens (Łojewska E et al., 2021). 


In SilicoAnalysis :
In silico analysis has become a valuable tool in drug discovery, allowing researchers to predict the efficacy and potential of natural compounds against foodborne pathogens. Virtual Screening,
Molecular Docking predicts the binding affinity of plant compounds to target proteins involved in foodborne pathogen virulence and survival (Agu PC et al., 2023). Pharmacophore Modeling identifies potential binding sites and pharmacophoric features of plant compounds (Ntie-Kang F, et al. 2016). Absorption, Distribution, Metabolism, and Excretion (ADME) predicts the pharmacokinetic properties of plant compounds (Li Y et al., 2019). Toxicity Prediction predicts the potential toxicity of plant compounds (Bhat V et al., 2021). Anthocyanins and Phenolic Acids have been studied for their potential anti-foodborne pathogen properties using in silico analysis (Panche AN et al., 2016). Flavonoids and Terpenoids have been investigated for their potential anti-foodborne pathogen properties using in silico analysis (Wu HY et al., 2018). Natural food preservatives in silico analysis can aid in the discovery of natural compounds from Roselle and medicinal plants that can be used as food preservatives (Novais C et al., 2022). In silico analysis can aid in the discovery of natural compounds from Roselle and medicinal plants that can be used as therapeutic agents against foodborne pathogens (Riaz M et al., 2023). 
In Silico Analysis of Plant Compounds Against Foodborne Pathogens: 
In silico analysis is a computational approach used to predict the efficacy and potential of plant compounds against foodborne pathogens.  In first Step is the Compound Selection, plant compounds were selected from databases like PubChem, ChemSpider, or Dr. Duke's Phytochemical and Ethnobotanical Databases (Lans et al., 2020), in the next step plant compounds were identified with reported antimicrobial activity against foodborne pathogens (Thongphichai W et al., 2023). Second step is target selection, in this essential proteins were identified which are involved in foodborne pathogen survival and virulence (Hanes R, et al. 2024). Then the 3D structure of target proteins were predicted using tools like SWISS-MODEL or Phyre2 (Powell HR et al., 2025). In step three software like AutoDock, GOLD, or Glide were used to predict the binding affinity of plant compounds to target proteins (Agu PC et al., 2023). Then the binding site of plant compounds were predicted on target proteins (Fukunishi Y, et al. 2012). In step four software like QikProp or ADMET Predictor was used to predict the pharmacokinetic properties of plant compounds (Wu F et al., 2020).  Predicting the potential toxicity of plant compounds using tools like Toxtree or Derek Nexus(Bhat V et al., 2021). MD Simulation Software like GROMACS or AMBER used to evaluate the stability and flexibility of protein-ligand complexes(Hospital A et al., 2015). Then calculate the binding free energy of plant compounds to target proteins (Hata H et al., 2021). In step 6 visualize the results using tools like PyMOL or Chimera (Olson AJ., 2018).Then perform statistical analysis to identify significant correlations between plant compound properties and their anti-foodborne pathogen activity (Vaou N et al., 2022). By following this methodology, researchers can use in silico analysis to identify potential plant compounds with anti-foodborne pathogen activity and predict their efficacy and safety. This review highlights the methodology used in in silico analysis of plant compounds against foodborne pathogens, providing insights into the potential of computational approaches in drug discovery.
Future Perspectives of Roselle Against Foodborne Pathogens
Roselle, a plant rich in bioactive compounds, has shown significant promise as a natural preservative against foodborne pathogens, enhancing food safety. Future research directions and applications include (Jung E et al., 2013)Further studies are necessary to elucidate the precise mechanisms by which Roselle extracts inhibit foodborne pathogens, focusing on the roles of anthocyanins and phenolic acids. Investigating the effectiveness of Roselle-based preservatives in various food systems, such as Evaluating Roselle's antimicrobial properties against pathogens like Escherichia coli O157:H7 and Salmonella enterica on fruits and vegetables. Assessing Roselle's potential to control pathogens in meat and poultry products. Examining Roselle's efficacy in preventing spoilage and pathogenic microorganisms in dairy products. Exploring potential synergies between Roselle extracts and other natural preservatives to Improve the antimicrobial efficacy of Roselle-based preservatives (Pinto et al., 2023). Develop novel preservation strategies that combine Roselle with other natural preservatives. Developing optimized formulations and delivery systems, such as nano-emulsions or edible coatings, to enhance the stability and bioavailability of Roselle-based preservatives. Conducting comprehensive toxicological studies and navigating regulatory frameworks to ensure safe consumption and approval of Roselle-based preservatives.
Unlocking the Potential of Roselle: Innovative Applications in Food Safety and Preservation
Roselle, a plant rich in bioactive compounds, offers a wealth of opportunities for improving food safety and quality. Some potential applications of Roselle-based preservatives and extracts include:

1. Food Preservation
Roselle-based preservatives can be used to control foodborne pathogens, reduce spoilage, and enhance the safety of food products. Studies have shown that Roselle extracts exhibit antimicrobial activity against various pathogens, including Escherichia coli O157:H7 and Salmonella enteric (Homayouni Rad A et al., 2022 &Fullerton et al., 2011).By incorporating Roselle extracts into food formulations, manufacturers can extend shelf life, improve food safety, and enhance quality.

2. Antimicrobial Coatings
Roselle extracts can be incorporated into antimicrobial coatings for food packaging to prevent the growth of pathogens. Research has demonstrated the effectiveness of plant-based antimicrobial coatings in reducing microbial contamination on food packaging surfaces (Díaz-Montes, et al., 2021). Roselle-based coatings can provide an additional layer of protection against pathogens, ensuring the safety of food products during storage and transportation.

3. Natural Food Additives
Roselle extracts can be used as natural food additives to enhance the safety and quality of food products. As a natural additive, Roselle can replace synthetic preservatives, aligning with consumer preferences for cleaner labels (Novais et al., 2022). Roselle extracts have been shown to possess antioxidant and antimicrobial properties, making them a promising natural food additive (Wu et al., 2018).

Challenges and Opportunities in Harnessing the Potential of Roselle-Based Preservatives:  The use of Roselle-based preservatives in food products has shown promise in improving food safety and quality. However, several challenges and opportunities must be addressed to fully harness the potential of Roselle:
Challenges:
1. Standardization of Extracts: Standardization of Roselle extracts is crucial to ensure consistent antimicrobial activity and efficacy (Fullerton et al., 2011). Variations in extract composition and potency can impact their effectiveness and reliability. Developing standardized protocols for extract preparation and quality control is essential.
2. Regulatory Framework: Establishing a regulatory framework for the use of Roselle-based preservatives in food products is essential for their widespread adoption (Díaz-Montes & Castro-Muñoz, 2021). Regulatory agencies must evaluate the safety and efficacy of Roselle-based preservatives and establish clear guidelines for their use.
3. Consumer Acceptance: Educating consumers about the benefits and safety of Roselle-based preservatives is vital for their acceptance and adoption (Novais et al., 2022). Effective communication strategies must be developed to inform consumers about the advantages of Roselle-based preservatives and address any concerns they may have.
Opportunities:
1. Innovative Applications: Exploring novel applications of Roselle-based preservatives in various food systems can expand their potential uses and benefits (Teshome et al., 2022). Researchers can investigate the use of Roselle-based preservatives in fresh produce, meat, dairy products, and other food categories.
2. Sustainable Food Production: Roselle-based preservatives can contribute to sustainable food production by reducing food waste, improving food safety, and promoting environmentally friendly practices (Riaz et al., 2023). By adopting Roselle-based preservatives, food manufacturers can reduce their environmental footprint and improve their sustainability profile.
3. Natural and Sustainable Food Preservation: Roselle-based preservatives offer a natural and sustainable alternative to synthetic preservatives, aligning with consumer preferences for cleaner labels and sustainable food products (Wu et al., 2018).
Conclusion
Roselle (Hibiscus sabdariffa) has emerged as a promising natural preservative against foodborne pathogens, offering a potential solution to improve food safety and quality. Future research directions should prioritize understanding the mechanism of action, efficacy in different food systems, and potential synergies with other preservatives (Fullerton et al., 2011)& (Díaz-Montes & Castro-Muñoz 2021).The development of Roselle-based preservatives, antimicrobial coatings, and natural food additives could provide innovative solutions for the food industry, promoting sustainable food systems and reducing the risk of foodborne illnesses(Teshome et al. 2022&Riaz et al., 2023). However, several challenges must be addressed to ensure the widespread adoption of Roselle-based preservatives, including standardization of extracts, regulatory frameworks, and consumer acceptance (Novais et al., 2022). 
[bookmark: _gjdgxs]By exploring these opportunities, researchers and industry professionals can harness the potential of Roselle to Improving the food Safety and reduce the risk of foodborne illnesses and promote public health (World Health Organization. 2018).Support sustainable food Systems: Provide natural and effective preservation solutions, aligning with consumer preferences for sustainable and environmentally friendly food products (Food and Agriculture Organization of the United Nations. 2019). Educate consumers about the benefits and safety of Roselle-based preservatives, promoting transparency and trust in the food industry (United States Department of Agriculture. 2020). 
By leveraging the potential of Roselle, we can create a safer, more sustainable food system that benefits both consumers and the environment. Further research and collaboration between industry stakeholders, researchers, and regulatory agencies are necessary to fully realize the potential of Roselle-based preservatives.
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