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approach to improving biopolymer barrier properties. Nanoclays, for
example, increase the tortuosity of di usion pathways due to their
layered structure, signi cantly reducing gas and vapor permeability.
Similarly, cellulose nanocrystals and nano bers can reinforce the
biopolymer matrix while enhancing its mechanical and barrier
properties. However, achieving uniform dispersion of nano llers
remains a challenge, o en requiring advanced processing techniques or
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