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1. Introduction

Antimicrobial resistance is increasingly recognized as a major threat to the prevention
and treatment of a growing number of infections. Therefore, there is an urgent need to
promote the discovery and development of new therapeutic antibacterial agents to com-
bat the ongoing antibiotic resistance crisis [1,2]. In parallel, significant progress has been
achieved in the synthesis and structural optimization of natural antimicrobial compounds,
enabling the development of derivatives with improved efficacy, enhanced stability, and
reduced toxicity. Modern analytical techniques, including mass spectrometry (MS), nuclear
magnetic resonance (NMR), and next-generation sequencing (NGS), have greatly advanced
the characterization of these bioactive molecules and their mechanisms of action [3-5].
Natural antimicrobials have demonstrated activity not only against planktonic microor-
ganisms but also against biofilms and virulence-associated pathways, offering promising
alternatives to conventional antibiotics [6]. Furthermore, the application of natural antimi-
crobial compounds extends beyond clinical medicine to food preservation, agriculture,
environmental protection, and the One Health framework, highlighting their potential
contribution to sustainable strategies for controlling microbial contamination and infectious
diseases [7—10]. Advances in the discovery, synthesis, characterization, and application
of natural antimicrobial compounds are expected to play a crucial role in addressing the
growing threat of antimicrobial resistance and fostering the development of innovative
therapeutic solutions.

2. An Overview of Published Articles

This Special Issue brings together original research articles and reviews that highlight
recent advances in the identification, characterization, and application of natural antimi-
crobial agents. A comprehensive review examined the potential of essential oils as natural
antibiofilm agents to combat biofilm-associated infections, a major challenge in the era
of antimicrobial resistance. The ability of essential oils and their bioactive constituents to
alter microbial membranes, interfere with quorum sensing, and inhibit biofilm formation
in a wide range of bacterial pathogens was highlighted. Particular attention was given to
their synergistic interactions with conventional antibiotics, which can improve therapeutic
efficacy while reducing antibiotic use. Overall, the review emphasized the potential of es-
sential oils as complementary strategies for the prevention and control of biofilm-mediated
infections, while also highlighting the need for further research to support their safe and
effective clinical application (contribution 1).

Regarding essential oils, Hristova et al. evaluated the antifungal activity of Origanum
heracleoticum L. essential oil against clinical Candida isolates, including fluconazole-resistant
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strains. The essential oil showed significant antifungal activity against all isolates tested
and was shown to influence fungal membrane integrity and virulence-related traits, such
as germination and filamentation. These results highlight the potential of O. heracleoticum L.
essential oil as a promising natural source of antifungal agents for the management of drug-
resistant Candida infections, warranting further investigation of its clinical applicability
(contribution 2).

Another contribution evaluated the antibacterial activity of carvacrol against multidrug-
resistant Gram-negative clinical isolates recovered from chronic wound infections, includ-
ing carbapenemase-producing strains. Carvacrol treatment increased the production of
reactive oxygen species (ROS), suggesting that oxidative stress may contribute to its an-
timicrobial activity (contribution 3). ROS were also implicated in the antibacterial activity
observed against Staphylococcus aureus and Escherichia coli when grapevine leaf extracts
are subjected to photodynamic (PDT) and sonodynamic (SDT) treatments. Among the
identified bioactive constituents, quercetin 3’-O-glucuronide and pheophorbide a were
indicated as potentially playing a key role in the observed effects. The results highlight the
potential of combining plant-derived extracts with PDT and SDT technologies as innovative
and sustainable approaches for microbial control in food, environmental, and healthcare
applications (contribution 4).

Continuing the exploration of plant-derived antimicrobials, a study evaluated the
antibacterial potential of extracts and epifriedelanol isolated from Synadenium glaucescens
against S. aureus. In addition to confirming the antimicrobial activity of these plant-derived
compounds, the study identified bacterial fitness genes associated with natural resistance,
highlighting the role of gene hemB in modulating bacterial susceptibility. These findings fur-
ther support the potential of medicinal plants as sources of novel antimicrobial agents, while
also providing new insights into bacterial responses to natural products (contribution 5).

An additional application of essential oils is their incorporation into food-packaging
materials to extend product shelf life. Jankowski et al. evaluated the antimicrobial and
antiviral activity of tea tree oil (TTO)-based coatings applied to polypropylene films before
and after Q-SUN accelerated aging. The coatings showed antibacterial effects against
several pathogens and strong antiviral activity against bacteriophage ®6, maintaining
their efficacy even after the aging treatment. These results support the potential of essen-
tial oil-based active packaging materials to improve microbiological safety in food and
environmental applications (contribution 6).

In the context of sustainable bioeconomy approaches, a study examined the use of
agro-industrial residues as substrates for the cultivation of Epicoccum nigrum. Various
lignocellulosic by-products successfully supported fungal growth and the production of
bioactive extracts exhibiting both enzymatic (x-amylase and cellulase) and antifungal
activities. The extracts demonstrated inhibitory effects against several phytopathogenic
fungi, highlighting the potential of E. nigrum as a source of biologically active compounds.
These findings emphasize the feasibility of converting agricultural waste into value-added
products, supporting circular economy strategies and the development of sustainable
biotechnological and agricultural applications (contribution 7).

Finally, a comprehensive review examined the potential of natural antimicrobial com-
pounds in companion animal medicine as alternative or complementary tools to address
antimicrobial resistance within the One Health framework. The authors discussed a wide
range of bioactive agents, including antimicrobial peptides, phytochemicals, enzymatic
proteins, probiotics, prebiotics, and nutraceuticals, highlighting their mechanisms of action,
therapeutic applications, and current limitations. The review emphasized the growing rele-
vance of natural compounds in reducing antibiotic use in dogs and cats, while underscoring
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the need for further clinical validation, safety assessments, and standardized formulations
to support their broader implementation in veterinary practice (contribution 8).

3. Conclusions

The contributions collected in this Special Issue demonstrate the growing importance
of natural antimicrobial compounds as valuable resources for combating antimicrobial
resistance and improving microbial control in clinical, veterinary, agricultural, environmen-
tal, and food-related settings. Collectively, these studies highlight the diversity of natural
bioactive molecules, their mechanisms of action, and their wide range of applications.
The findings presented herein further support the development of innovative, sustainable,
and effective antimicrobial strategies based on natural products and encourage future
interdisciplinary research in this rapidly evolving field.
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