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Advancing technology demands a balance between miniaturization and sustainable electronics where, 

beyond recyclability, energy self-sufficiency is desired. A promising route integrates energy harvesting with 
biopolymers to create nanosensors and nanogenerators [1]. Cellulose, Earth’s most abundant polymer, is a 
strong candidate, with bacterial nanocellulose (BC) offering a more sustainable, biosynthesized alternative to 
wood-derived cellulose. BC is highly pure and is reported to exhibit the piezoelectric behaviour, with increased 
performance when combined with inorganic materials [2]. However, as a biopolymer, BC can show diverse 
electromechanical behaviours, requiring differentiation between piezoelectricity, electrostriction and other 
possible phenomena. Atomic force microscopy (AFM) and piezoresponse force microscopy (PFM) help to 
characterize these by analysing first and second harmonic signals: a linear first harmonic indicates 
piezoelectricity, while an exponential second harmonic suggests a non-piezoelectric response. 

In this study, we investigated the electromechanical properties of porous BC (Komagataeibacter 
xylinus) thin films and BC-ZnO composites synthesized via in-situ growth of the nanoparticles within the matrix 
porosity. We also analysed Nata de Coco (NC), a commercial BC-based material, and its ZnO composite. 
Structural and morphological characterization was conducted using X-ray diffraction, scanning electron 
microscopy, and nuclear magnetic resonance. Electromechanical responses were assessed through shaker-
induced signal generation, with AFM and PFM used to evaluate surface topography and voltage-dependent 
harmonic behaviour. We present a detailed discussion on the origins of electromechanical mechanisms in BC-
based materials and their potential in functional bioelectronics. 
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Figures 

Figure 1: AFM tapping mode height scans of BC (A), BC ZnO (B), NC (C) and NC ZnO (D) and respective deflections (E, 
F, G, H). 


