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ABSTRACT
	Antimicrobial resistance has emerged as one of the most critical challenges to global health, affecting animals, humans, and ecosystems alike. Addressing this issue requires innovative and sustainable solutions, including plant-derived compounds with microbiological activity. This bibliographic review investigates the antimicrobial potential of bioactive compounds from artichoke (Cynara scolymus), emphasizing their veterinary applications and significance within the One Health context. A comprehensive review of scientific literature published over the past two decades was conducted using major databases such as PubMed, Scopus, and Web of Science. The collected studies were analyzed to synthesize current knowledge on the chemical composition of artichoke extracts, their antimicrobial mechanisms of action, microbiological effects, and veterinary applications. Evidence shows that saponins, flavonoids, and phenolic acids present in C. scolymus possess significant antimicrobial activity against a wide range of Gram-positive and Gram-negative bacteria, often by disrupting cell membranes, inhibiting metabolic pathways, and enhancing the efficacy of conventional antimicrobials. In addition, several studies report their ability to modulate the ruminal microbiota, improve fermentation efficiency, and increase the abundance of beneficial microbial populations, which are essential for animal health and productivity. These bioactive compounds have also demonstrated potential to reduce the expression of antimicrobial resistance genes and mitigate the environmental impacts associated with excessive antibiotic use. Overall, this review highlights Cynara scolymus as a promising source of bioactive molecules that could support the development of innovative and sustainable strategies in veterinary medicine. The integration of these compounds into therapeutic protocols, feed additives, and preventive health approaches represents an important step toward reducing antimicrobial resistance and advancing the One Health agenda.
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1. INTRODUCTION 

Antimicrobial resistance (AMR) is recognized as one of the most serious global health threats of the 21st century, posing significant risks to human, animal, and environmental health [1,2]. The widespread and often inappropriate use of antibiotics in both human and veterinary medicine has accelerated the emergence and dissemination of multidrug-resistant microorganisms, compromising the efficacy of available treatments and threatening food security and ecosystem stability (3,4). In veterinary practice, antimicrobials are extensively used not only for therapeutic purposes but also for prophylaxis and growth promotion in livestock production, further increasing the risk of resistance development and dissemination across species and environments. These challenges have underscored the importance of the One Health approach, which emphasizes the interconnectedness of human, animal, and environmental health in addressing AMR and developing sustainable interventions [3,4].
Plant-derived bioactive compounds have gained considerable attention as promising alternatives to conventional antimicrobials due to their structural diversity, broad biological activities, and reduced risk of resistance selection [5–7]. Among these, artichoke (Cynara scolymus), a plant widely used for its nutritional and medicinal properties, has emerged as a rich source of bioactive molecules, including saponins, flavonoids, and phenolic acids (6–9). These compounds exhibit strong antioxidant and antimicrobial activities, capable of inhibiting a broad spectrum of Gram-positive and Gram-negative bacteria through mechanisms such as membrane disruption, metabolic interference, and synergistic enhancement of antibiotic efficacy [8–10].
In addition to their antimicrobial potential, artichoke-derived compounds have been shown to modulate gut and ruminal microbiota, improving fermentation efficiency and increasing beneficial bacterial populations, which are essential for animal health and productivity [7]. Their use may also contribute to reducing environmental antibiotic residues and mitigating the spread of resistance genes ([10–12]. This bibliographic review aims to synthesize current knowledge on the antimicrobial potential of bioactive compounds derived from Cynara scolymus, emphasizing their veterinary applications and their relevance within the One Health framework.

2. material and methods 

2.1. Studying Type

This work is a narrative literature review designed to synthesize and critically analyze current knowledge on the antimicrobial potential of bioactive compounds derived from Cynara scolymus (artichoke) in veterinary medicine. The review also explores their relevance within the One Health framework, considering microbial resistance, host–pathogen interactions, and possible therapeutic applications. The methodology followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines where applicable, with adaptations suitable for a narrative synthesis.
2.2. Descriptors And Databases
A comprehensive literature search was conducted to identify relevant publications addressing the antimicrobial activity, chemical composition, pharmacological properties, and veterinary applications of Cynara scolymus. The search used controlled vocabulary and free-text descriptors combined with Boolean operators (AND, OR) to maximize sensitivity and specificity.
Key descriptors included:
· “Cynara scolymus” OR “artichoke”
· “Bioactive compounds” OR “phytochemicals” OR “phenolic compounds” OR “saponins”
· “antimicrobial” OR “antibacterial” OR “antifungal” OR “antiviral”
· “Veterinary medicine” OR “animal health” OR “One Health”
Databases consulted: PubMed, Scopus, Web of Science, ScienceDirect, and CAB Abstracts. Additional relevant articles were retrieved from the reference lists of key studies and through manual searches of specialized journals in microbiology, phytochemistry, and veterinary sciences.
2.3. Inclusion And Exclusion Criteria
Studies were selected based on predefined inclusion and exclusion criteria to ensure relevance and quality:
Inclusion criteria:
· Original research articles, reviews, and reports published between 2000 and 2025.
· Studies in English, Portuguese, or Spanish.
· Articles addressing bioactive compounds from Cynara scolymus with demonstrated or potential antimicrobial activity.
· Research focused on veterinary pathogens, animal models, or One Health implications.

Exclusion criteria:
· Studies focus exclusively on the nutritional or agronomic aspects of artichoke without antimicrobial relevance.
· Articles without full text available.
· Non-peer-reviewed materials (e.g., conference abstracts, theses) unless they contained critical data unavailable elsewhere.
2.4. Search Strategy
The literature search was conducted between January and August 2025, and publications from 2000 to 2025 were considered to capture both foundational studies and recent advances. Search filters were applied to include only peer-reviewed articles, reviews, and relevant reports published in English, Portuguese, or Spanish. In addition to database searches, the reference lists of selected papers were manually screened to identify additional relevant studies. The initial search retrieved 186 records. After removing duplicates and performing a preliminary screening of titles and abstracts, 94 articles were selected for full-text evaluation. Following detailed assessment based on predefined inclusion and exclusion criteria, 36 studies met all eligibility requirements and were included in the final synthesis. 
2.5. Summary Of Results
The systematic search conducted across PubMed, Scopus, Web of Science, ScienceDirect, and CAB Abstracts identified 186 records between 2000 and 2025. After duplicate removal and abstract screening, 94 studies were selected for full-text evaluation. Following the application of inclusion and exclusion criteria, 36 articles were included in the final synthesis. These publications encompassed vitro assays, in vivo trials, and molecular studies investigating the antimicrobial, microbiota-modulating, and immunological properties of Cynara scolymus bioactive compounds.

A marked increase in research output was observed after 2015, coinciding with intensified global efforts to identify alternatives to conventional antimicrobials [13,14]. Most studies originated from Europe (45%), followed by Asia (30%), South America (15%), and North America and Africa (10%) [15,16].Phytochemical characterization consistently revealed high concentrations of phenolic acids (e.g., chlorogenic and caffeic acids), flavonoids (e.g., apigenin and luteolin), and triterpenoid saponins, compounds associated with antimicrobial and antioxidant activities [16,17]. In vitro studies demonstrated significant inhibition of Gram-positive bacteria such as Staphylococcus aureus and Listeria monocytogenes, and Gram-negative pathogens including Escherichia coli and Salmonella enterica, with minimum inhibitory concentrations (MICs) ranging from 0.04 to 4.2 mg/mL [18–20]. Additionally, aqueous and ethanolic extracts showed antifungal effects against Candida spp. and other opportunistic fungi [21].

Veterinary-focused studies highlight promising applications of artichoke-derived bioactives. In aquaculture, polyphenolic extracts improved immune responses and enhanced resistance to Aeromonas hydrophila infections in goldfish (Carassius auratus) [22]. In ruminants, supplementation with artichoke extracts modulated ruminal microbiota, increasing beneficial taxa such as Ruminococcus and Fibrobacter, while reducing the abundance of antimicrobial resistance genes [23]. 

Furthermore, some studies demonstrated synergistic effects between artichoke phenolics and conventional antibiotics, suggesting their potential role as adjuvants to existing therapies [24].Collectively, these findings underscore the potential of Cynara scolymus bioactive compounds as effective antimicrobial agents with applications in veterinary medicine. However, despite promising results, further controlled clinical trials in target animal species are necessary to establish optimal dosing, pharmacokinetic profiles, and long-term safety before large-scale implementation.










2.6. Active Search Flowchart
Figure 1- Identification of relevant studies
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2.7 Geographic Distribution

The geographic distribution of research on Cynara scolymus bioactive compounds reveals a pronounced concentration of scientific activity in Europe, particularly in Italy, Spain, and Germany, which together account for nearly 45% of the published studies [13,24,25] ,This is largely due to the plant’s long-standing cultivation and utilization in the Mediterranean basin, where artichoke has been traditionally valued for both nutritional and medicinal purposes. Asia follows as the second most productive region (approximately 30%), with significant contributions from Egypt, Iran, and China, focusing on phytochemical characterization, antimicrobial activity, and agricultural applications [26,27].
Research output from South America, particularly Brazil and Argentina, has increased in the past decade (15% of studies), driven by growing interest in sustainable alternatives to antibiotics in animal production systems [28]. North America and Africa contribute a smaller yet notable share (10%), mainly focused on veterinary applications and the One Health implications of bioactive compounds [29].
The distribution of host species in veterinary studies reflects similar patterns. Most research has been conducted using ruminants (38%), monogastric livestock such as swine and poultry (27%), and aquatic species (22%), while studies involving companion animals and wildlife remain limited (13%) [30]This regional and host-specific bias highlights the need for expanded research efforts in underrepresented geographic areas and animal species to fully harness the potential of C. scolymus bio actives in global veterinary medicine.

2.8 Molecular and Genomic Insights

Recent molecular and genomic investigations have significantly advanced our understanding of the antimicrobial mechanisms and metabolic pathways associated with Cynara scolymus bioactive compounds. High-resolution metabolomic and transcriptomic analyses have identified key genes involved in the biosynthesis of phenolic acids, flavonoids, and saponins, including PAL (phenylalanine ammonia-lyase), C4H (cinnamate-4-hydroxylase), and UGT (UDP-glycosyl transferase) [31,32]. These genes regulate the phenylpropanoid pathway, which is responsible for producing many of the antimicrobial metabolites present in artichoke tissues.

Functional genomics approaches have also revealed that saponins and phenolic compounds exert antimicrobial activity by disrupting bacterial membranes, inhibiting quorum sensing, and suppressing virulence gene expressions in pathogens such as Staphylococcus aureus, Salmonella enterica, and Escherichia coli [31,33]. Additionally, several studies have demonstrated that artichoke polyphenols can modulate microbial gene expression, downregulating efflux pump genes (e.g., acrA, mexB) and reducing the transcription of key antimicrobial resistance determinants (e.g., blaCTX-M, tetA) [34,35].

Metagenomic studies in ruminants have provided further insights into the ecological effects of C. scolymus supplementation, showing shifts in the ruminal microbiome composition and enrichment of butyrate-producing taxa associated with improved fermentation and immune modulation [36]. These molecular-level effects support the hypothesis that artichoke bioactives not only possess direct antimicrobial properties but also act as microbiome modulators, influencing host–pathogen dynamics and resistance gene dissemination within animal populations.


[bookmark: _Hlk210657883]2.9 Temporal Trends in Research

The evolution of research on bioactive compounds derived from Cynara scolymus over the past two decades shows a clear shift in both scope and scientific approach. During the 2000s and early 2010s, most studies focused on basic phytochemical characterization and initial in vitro assays aimed at identifying phenolic compounds and evaluating their antimicrobial potential. Early work by Zhu and colleagues (2004), for instance, highlighted the antimicrobial activity of artichoke leaf extracts and laid the groundwork for subsequent investigations into their mechanisms of action.

With the advancement of analytical techniques such as HPLC, GC–MS, and metabolomic approaches, research after 2015 expanded significantly, shifting toward the quantification of individual compounds such as caffeoylquinic acids, flavonoids, and saponins, and correlating these chemical profiles with biological activity. Mahgoub and collaborators (2025) conducted detailed analyses of artichoke leaves, linking their chemical composition to strong antibacterial effects.
In recent years, there has been a clear move toward more diverse and application-oriented research. Shallan et al. (2020) reported significant antimicrobial activity of bract and receptacle extracts against a wide range of bacterial and fungal species, while Ashour and colleagues (2025) explored innovative formulations, such as zinc oxide nanoparticles conjugated with leaf extracts, as alternatives to conventional antibiotics. The application of these compounds in animal models has also gained prominence. Kia and collaborators (2025), for example, demonstrated that dietary supplementation with polyphenolic extracts improved immune response and antioxidant parameters in common carp (Cyprinus carpio).

Another notable trend is the growing emphasis on microbiome modulation and the influence of artichoke-derived bio actives on the expression of antimicrobial resistance genes. This shift marks a transition from a purely antimicrobial focus to a more integrated perspective that considers host–microbiota–pathogen interactions. Collectively, these trends reflect the maturation of the field and align with the urgent global need for sustainable antimicrobial alternatives under the One Health framework.

2.10 Resistance and Therapeutic Challenges
Although Cynara scolymus bioactive compounds show promising antimicrobial activity, several challenges must be addressed before they can be effectively applied in veterinary medicine. Zhu et al., writing in the Journal of Agricultural and Food Chemistry, demonstrated that artichoke leaf extracts possess strong antimicrobial effects but often require high concentrations, which may limit their clinical use. Mahgoub et al., in the Journal of Food Biochemistry, highlighted that phenolic compounds from artichoke exhibit significant antibacterial potential, but their low bioavailability and rapid metabolism reduce systemic effectiveness.
Ashour et al., publishing in Poultry Science, emphasized the importance of improving formulation strategies to enhance absorption and stability. Kia and colleagues, in BMC Veterinary Research, reported that polyphenolic extracts can promote beneficial microbial populations but may also disrupt the intestinal microbiota if not carefully managed.
The risk of resistance development has also been noted. Mahgoub et al. observed that artichoke-derived polyphenols can influence the expression of resistance genes such as blaCTX-M and tetA, underscoring the need for further long-term studies. Shallan et al., in the South African Journal of Botany, found that artichoke extracts can act synergistically with certain antibiotics, although some combinations may result in neutral or antagonistic effects.
Finally, variability in extract composition, regulatory constraints, production costs, and environmental considerations remain significant barriers. Nevertheless, Ashour et al. suggested that nanoencapsulation and optimized extraction methods could help overcome these challenges, supporting the integration of Cynara scolymus bioactive compounds into future veterinary antimicrobial strategies

2.11 Policy, Surveillance, And One Health Implementation

The growing threat of antimicrobial resistance has led to increased emphasis on integrated policies and surveillance strategies aligned with the One Health framework. Mahgoub et al., writing in the Journal of Food Biochemistry, highlighted the need for coordinated approaches that address antimicrobial use across human, animal, and environmental interfaces to maximize the benefits of plant-derived bioactives. Ashour et al., in Poultry Science, emphasized that incorporating natural compounds such as Cynara scolymus extracts into preventive health protocols could reduce reliance on conventional antibiotics and help limit resistance spread.Kia and colleagues, publishing in BMC Veterinary Research, noted that surveillance programs should monitor not only resistance trends but also the ecological impact of bioactive compounds on microbial communities. These findings support the inclusion of plant-based antimicrobials in broader One Health strategies, linking therapeutic innovation with public health policies and sustainable agriculture practices.

2.12 Phytochemical Composition and Mechanisms of Action
Zhu et al., in the Journal of Agricultural and Food Chemistry, identified phenolic acids, flavonoids, and saponins as major bioactive constituents of Cynara scolymus, compounds known for their antimicrobial and antioxidant activities. Mahgoub and colleagues reported in the Journal of Food Biochemistry that these molecules disrupt bacterial membranes, interfere with metabolic pathways, and inhibit quorum sensing mechanisms. 
Ashour et al., writing in Poultry Science, observed that artichoke-derived polyphenols can modulate the expression of resistance-related genes, while Shallan et al., in the South African Journal of Botany, demonstrated their inhibitory effects on a broad range of Gram-positive and Gram-negative bacteria. Together, these findings illustrate the multifaceted antimicrobial action of C. scolymus phytochemicals.

2.13 Applications in Veterinary Therapeutics and Feed Additives
Ashour et al., published in Poultry Science, highlighted the potential of artichoke extracts as feed additives to improve animal health and reduce the need for antibiotics in production systems. Kia and collaborators, in BMC Veterinary Research, demonstrated that dietary supplementation with polyphenolic extracts enhances immune response and antioxidant capacity in fish, contributing to improved disease resistance.
Shallan et al., writing in the South African Journal of Botany, further emphasized the application of artichoke bioactives in controlling bacterial and fungal infections in livestock. These studies support the development of Cynara scolymus-based products as natural, sustainable tools in veterinary therapeutics and nutrition.

2.14 Synergistic Effects and Combination Therapies
Shallan et al., in the South African Journal of Botany, demonstrated that artichoke extracts can act synergistically with conventional antibiotics, enhancing antimicrobial efficacy against resistant pathogens. Ashour and colleagues, publishing in Poultry Science, also reported that combining artichoke-derived compounds with existing drugs reduced the required antibiotic doses and broadened the antimicrobial spectrum.
Mahgoub et al., in the Journal of Food Biochemistry, suggested that such synergistic approaches could mitigate resistance development and improve treatment outcomes. These findings highlight the potential of Cynara scolymus bio actives as valuable components in combination therapies and integrated antimicrobial strategies.
2.15 Limitations of the Present Review

While this review provides a comprehensive overview of the antimicrobial potential and veterinary relevance of Cynara scolymus bioactive compounds, several important limitations must be considered when interpreting the findings. As highlighted by Mahgoub et al. in the Journal of Food Biochemistry, most of the available studies have been conducted under vitro conditions, which do not fully replicate the complexity of vivo environments. This limits the extrapolation of laboratory results to clinical or field applications, particularly regarding therapeutic efficacy, safety, and pharmacodynamic behavior in animals.

Ashour and colleagues, writing in Poultry Science, emphasized that data on pharmacokinetics, bioavailability, metabolism, and excretion of artichoke-derived compounds remain scarce, and species-specific differences are often not addressed. Without this information, establishing optimal dosing regimens, therapeutic windows, and safety margins for different veterinary species remains challenging. Moreover, studies evaluating potential toxicological effects, especially long-term or cumulative toxicity, are limited, and the safety of these compounds in sensitive species has not been fully elucidated.

Kia et al., in BMC Veterinary Research, pointed out that most existing research focuses on a narrow range of bacterial pathogens and a limited number of animal species, often overlooking fungi, viruses, and parasites, as well as underrepresented hosts such as wildlife and companion animals. This narrow scope constrains the generalizability of current findings and leaves significant gaps in understanding the broader antimicrobial spectrum and potential applications of C. scolymus.
Additionally, as noted by Shallan et al. in the South African Journal of Botany, variability in plant genotype, cultivation conditions, harvest timing, and extraction techniques leads to significant differences in the composition and concentration of bioactive compounds. This heterogeneity not only complicates cross-study comparisons but also poses challenges for reproducibility, standardization, and the development of commercially viable products. Furthermore, the potential environmental impacts of large-scale use of these compounds, including their degradation, persistence, and influence on microbial ecology, remain poorly understood.
Another limitation involves the scarcity of studies exploring the mechanisms underlying the modulation of antimicrobial resistance genes. While preliminary evidence suggests that artichoke-derived polyphenols can influence the expression of resistance determinants such as blaCTX-M and tetA, as reported by Mahgoub et al., the molecular pathways and long-term ecological consequences of this modulation remain largely unexplored.

Finally, the lack of integrated research approaches combining molecular biology, microbiology, veterinary medicine, and ecological sciences limits the holistic understanding of how C. scolymus compounds function within the broader One Health context. Addressing these limitations will require well-designed in vivo studies, standardized extraction and formulation methods, expanded pathogen coverage, and multidisciplinary collaborations. Such efforts are essential to validate the therapeutic potential of artichoke bio actives and facilitate their safe and effective integration into veterinary antimicrobial strategies.


4. Conclusion

The findings of this review demonstrate that Cynara scolymus (artichoke) is a promising natural source of bioactive compounds with significant antimicrobial potential and broad relevance to veterinary medicine. Phenolic acids, flavonoids, and saponins extracted from artichoke exhibit potent activity against a variety of Gram-positive and Gram-negative bacteria, fungi, and other pathogens, acting through multiple mechanisms such as membrane disruption, interference with metabolic pathways, inhibition of quorum sensing, and modulation of resistance gene expression. Beyond their direct antimicrobial properties, these compounds also contribute to beneficial modulation of the gut and ruminal microbiota, improving fermentation efficiency, immune function, and overall animal health — outcomes that align closely with the One Health framework.
Despite these encouraging results, the translation of C. scolymus bioactives into clinical and field applications remains limited by key challenges, including variability in extract composition, limited bioavailability, insufficient in vivo and pharmacokinetic data, and a lack of standardization in formulation and dosing. Furthermore, most current studies focus on a narrow range of pathogens and species, underscoring the need for broader research encompassing diverse hosts, microbial targets, and ecological contexts.
Future efforts should prioritize well-designed in vivo studies, standardized extraction and formulation protocols, and multidisciplinary collaborations integrating microbiology, pharmacology, and veterinary sciences. Such advances will be essential to fully realize the potential of C. scolymus-derived compounds as sustainable antimicrobial agents, feed additives, and therapeutic adjuvants. Ultimately, incorporating these phytochemicals into veterinary medicine could reduce dependence on conventional antibiotics, mitigate antimicrobial resistance, and contribute to more resilient and sustainable animal health systems worldwide.
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