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Abstract

Background: The emergence of multidrug-resistant bacteria, especially within biofilms, poses a
serious public health threat and represents a major challenge for effective infection management.
Traditional antibiotics often fail to effectively treat bacteria and biofilm-associated infections,
prompting the need for novel strategies to combat bacterial resistance and biofilm formation. Natural
compounds, such as phytochemicals and natural deep eutectic solvents (NADES), have emerged as
promising candidates due to their diverse bioactive properties and potential synergistic effects with
existing antibiotics. Objective: This study aimed to evaluate the antibiofilm and antibiotic resistance-
modifying activities of selected natural compounds, including phytochemicals and NADES, in
combination with antibiotics. Methods: In vitro assays were performed using two monoterpenes
(menthol and linalool) and a choline chloride-raffinose NADES, combined with ten antibiotics
(methicillin, amoxicillin, oxacillin, erythromycin, ciprofloxacin, mupirocin, fusidic acid, tetracycline,
tobramycin, and gentamicin). The effects were tested on Escherichia coli CETC 102 and
Staphylococcus epidermidis ATCC 35984. Minimum inhibitory and bactericidal concentrations (MIC
and MBC, respectively) of the phytochemicals were determined. Antibiotic susceptibility was
evaluated via disc diffusion, and biofilm control was assessed by biomass and metabolic activity
quantification, and cell culturability. Results: Menthol displayed a MIC and MBC of 800 pg/mL
against E. coli and MIC against S. epidermidis. Linalool exhibited a MIC of 800 and 400 ug/mL
against E. coli and S. epidermidis, respectively. Disc diffusion indicated a potentiation effect of both
molecules on erythromycin against E. coli, and of menthol on amoxicillin against S. epidermidis.
Biofilm control studies showed that both molecules applied individually reduced more than 90% of
the biofilm’s metabolic activity, yielding, in some cases, a total reduction of culturable cells.
Moreover, the dual combinations with antibiotics enhanced their activity up to 40% in biofilm
metabolic inactivation, 13% in biomass removal, and 2.8 logs in culturability reduction. Conclusions:
This study has revealed promising results, showing the potential of these monoterpenes and NADES
as antibiotic resistance modifiers, and supporting menthol and linalool as strong antibiofilm agents.
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