IOCM
2025

Conference

Applying Material Science to Caffeine Delivery in Functional Drinks:
Targeted Release and Improved Bioaccessibility with
Nano-/Microcarriers

P. Barciela '; A. Perez-Vazquez '; M. Carpena '; M.A. Prieto "1

! Instituto de Agroecoloxia e Alimentacion (IAA), Universidade de Vigo, Nutrition and Food Group (NuFoG), Campus
Auga, 32004 Ourense, Spain.

UNIVERSIDADE
DE VIGO

(I) Introduction: Background on caffeine

Caffeine (1,3,7-trimethylxanthine), a purine alkaloid, is a white crystalline powder with a Oligodendrocyte
molar mass of 194.19 g/mol and a log P of about =0.07. It is moderately soluble in
H,O and classified as hydrophilic. It occurs naturally in coffee beans (Coffea arabica)
and tea leaves (Camellia sinensis).

Mechanism of action (Fiqure 1):
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inconsistent energy effects.
« Adverse effects: tachycardia, insomnia, anxiety, gastrointestinal discomfort.
« Variability: age, genetics, sex, body mass, habitual intake influence tolerance.
Materials science

Increase bioavailability, stability, and controlled release through encapsulation with
nano-/microcarriers.

Nanomaterial-Based encapsulation

It preserves caffeine from acidic gastric breakdown, allows for targeted intestinal
release, stabilizes plasma concentrations, prolongs the stimulatory effects, and
mitigates acute pharmacological spikes and systemic side effects.

Influence of the liquid matrix

« Macro-/micronutrients in functional drinks influence:
— Nanocarrier physicochemical stability
— Release kinetics (diffusion, dissolution, degradation) ) rom PHASE
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Figure 1 | Major mechanisms of caffeine within the central nervous system (CNS). adenosine receptor
antagonism (mainly ATR and A2aR), phosphodiesterase inhibition, and intracellular calcium mobilization.
Through these actions, caffeine influences neuronal activity, oligodendrocyte maturation, microglial activation, and
neurotransmitter release. Abbreviations: AR, A2aR, A2bR, A3R — adenosine receptors, AC — adenylate
cyclase; AMP — adenosine monophosphate; cAMP — cyclic adenosine monophosphate; Ca?" — calcium ion;
GABA — y-aminobutyric acid; GTP — guanosine triphosphate; PDE — phosphodiesterase. (Yang et al., 2021).

(lll) Techniques for encapsulation caffeine for
delivery in functional drinks
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It creates caffeine-loaded
fte B-Cyclodextrin forms inclusion complexes with caffeine,

nanofibres or nanoparticles
for controlled release
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(IV) Conclusions and future outlook

Nano- and microstructured encapsulation -based technologies, such as spray drying
and electrospinning, may offer a versatile and efficient approach to make safer, tastier,
and more beneficial functional drinks. When integrated into optimal liquid matrices, the
pharmacokinetic behavior and bioavailability of caffeine can be boosted, paving the way
for enhanced physiological performance and greater commercial acceptance.
Overall, cost, process control, and industrial upscaling remain key bottlenecks for
commercial applications.
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