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Bacterial cellulose (BC), synthesized by Acetobacter species, is a versatile polysaccharide with exceptional mechanical strength, thermal stability, high crystallinity, and barrier properties against water vapor, oxygen, and ultraviolet radiation. These features make BC a promising candidate for applications in food, pharmaceutical, and biomedical sectors1. To enhance its functionality, this study employed in-situ modification by incorporating alginate, a polysaccharide derived from brown seaweed, into the BC culture medium (HS). Alginate, comprising β-D-mannuronic acid (M) and α-L-guluronic acid (G), exhibits physicochemical properties influenced by its M/G ratio and block distribution, which impact behaviors such as gelation and mechanical performance2.

BC–alginate hydrogels were synthesized by integrating alginates with varying M/G ratios during BC biosynthesis. Advanced characterization techniques were used to analyze these composites. Fourier-transform infrared spectroscopy with attenuated total reflectance (ATR-FTIR) identified molecular interactions, small-angle X-ray scattering (SAXS) provided nanoscale structural information, and scanning electron microscopy (SEM) facilitated surface morphology examination. Mechanical and rheological properties were assessed through uniaxial compression tests and small-amplitude oscillatory rheology.
The results demonstrated that the interaction between BC and alginate led to modifications in the structure and properties of the composite, with these changes being dependent on the M/G ratio. Variations in the M/G ratio appeared to influence the mechanical and rheological characteristics of the hydrogels, suggesting a role of the M/G distribution in determining the final material properties.
This research highlights the potential of BC–alginate hydrogels as customizable biomaterials, offering valuable insights into their structural interactions and functional properties.
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