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Abstract

Bacterial cellulose is an important natural biopolymer produced mainly by aerobic bacteria of the
genus Komagataeibacter. Owing to its high purity and lack of lignin and hemicellulose, bacterial cellulose
possesses a more uniform and highly organized structure and distinct functional properties compared with
plant-derived cellulose. It consists of a three-dimensional network of cellulose nanofibres with a high
degree of crystallinity, contributing to its distinctive mechanical, physicochemical and biological
properties. The hierarchical structure of bacterial cellulose, ranging from the molecular to the nanoscale,
is a key determinant of its surface characteristics, water-holding capacity, porosity, mechanical strength
and ability to interact with cells. Its biosynthesis is governed by metabolic pathways, the activity of the
cellulose synthase enzyme complex, cultivation conditions, medium composition, and the type and
concentration of the carbon source. Despite its desirable properties, the large-scale production of bacterial
cellulose still faces several limitations, including high raw material costs, reliance on refined carbon
sources, relatively low yields, long production cycles and challenges in scaling up production. The use of
agricultural residues as alternative substrates can reduce production costs while promoting waste
valorisation, improving resource efficiency and supporting the development of a circular economy. In
addition, physical, chemical and biological modification approaches enable the regulation of bacterial
cellulose's structural and surface properties, thereby enhancing its adsorption capacity, biological activity
and potential for the loading and controlled release of active compounds. Owing to its biocompatibility,
biodegradability, porosity, water-holding capacity and versatility for surface modification, bacterial
cellulose has attracted considerable attention as a biomaterial for various biomedical applications,
including wound dressings, tissue engineering, drug delivery and biosensors. This review examines the
relationships between the structure and properties of bacterial cellulose, its biosynthetic mechanisms and
production using renewable carbon sources. It also discusses strategies for improving production and
modifying its structure, biomedical applications, current challenges, recent advances and future
perspectives for the development and use of this versatile biomaterial.
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