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Achieving a controlled antimicrobial effect with unstable bioactive compounds remains a major 
limitation of delivery strategies, particularly when evaluated against highly adaptable pathogens. 
Pseudomonas aeruginosa represents a challenging model system as its metabolic flexibility and 
tolerance mechanisms allow it to maintain growth even under inhibitory conditions. Among the 
substances that could overcome this tolerance, allicin has attracted attention due to its broad-
spectrum antimicrobial activity. However, its application is limited by chemical instability, which 
complicates its formulation and controlled release. Particle-based systems have therefore been 
developed that enable the formation of allicin in situ from separately encapsulated alliin and 
alliinase, with the aim of mimicking its natural formation and increasing its stability. Although 
this approach is effective, it relies on enzymatic activation, which introduces variability and 
limits precise control over the final dose. Building on these limitations, two complementary 
delivery strategies are explored. The first approach retains the established concept of enzymatic 
in situ formation using lactose–leucine microparticles containing separately encapsulated alliin 
and alliinase. The second strategy replaces enzymatic activation by direct incorporation of pre-
synthesized allicin, stabilized through inclusion complexation with β-cyclodextrin and formulated 
into lactose–β-cyclodextrin–leucine microparticles via spray drying. The formulations are 
evaluated for aerodynamic behaviour and antimicrobial efficacy by tracking growth dynamics of 
Pseudomonas aeruginosa PA01. Preliminary results suggest comparable antimicrobial effects for 
both approaches, indicating that direct delivery of stabilized allicin may provide an alternative to 
enzymatic in situ formation while allowing control over formulation design. 
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