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Abstract

Leather, despite being recognised as a symbol of luxury and durability, carries a substantial
environmental and ethical footprint. Issues such as greenhouse-gas emissions from livestock
farming, harsh chemical usage, work environment safety, and animal welfare have led to
growing interest in sustainable alternative leather materials. Fungal-based materials are
considered promising alternatives to leather and are gaining interest from both researchers
and the public owing to their low environmental impact, and fully vegan nature. Fungi, known
as nature’s recyclers, can convert organic waste into valuable biomass, enhancing the
environmental sustainability, circularity, and economic potential of vegan leather production.

This thesis developed alternative leather materials using filamentous fungi cultivated on food
waste. Unsold bread waste from supermarkets and lemon peel residues from juice industry
were used to prepare substrates for submerged fungal cultivation. In the first approach,
Rhizopus delemar was cultivated in a media composed of bread waste, with or without starch
hydrolysation. In the second approach, a fungal—fungal co-culture was designed with Rhizopus
delemar and Aspergillus oryzae, and cultivation was conducted using a substrate prepared by
suspending bread powder in nutrient-rich liquid extracts from lemon peel. All cultivations were
scaled up until pilot scale using a 1300 L bubble column bioreactor. The harvested fungal
biomass was fractionated, with one fraction subjected to vegetable tanning, while the
remaining fraction was alkali-treated to isolate chitin-chitosan rich fungal cell wall material.
Solid residues from lemon peel were further processed with alkali treatment and bleaching to
purify the cellulose and subsequently treated mechanically to fibrillate cellulose. Single-layer
and multi-layer composite materials were fabricated using the tanned biomass, cell wall
material, and fibrillated cellulose via the wet-laid method. The materials were subjected to
plasticising post-treatments and finally coated with a biobased binder.

To the best of our knowledge, for the first time vegetable tanning of fungal biomass for fungal
leather materials production done in this thesis, resulted in stabilisation of fungal proteins thus
reduction of the brittleness of the material after drying. Additionally, a novel co-culture
approach was used to obtain hybrid fungal biomass for material production which resulted in
enhanced mechanical properties owing to the structural and functional properties of both
fungi. Overall, the results of this thesis highlight the potential of fungal biomass, produced
through submerged cultivation, as a sustainable material for leather while promoting waste
valorisation and opening new avenues for research into the development of fungal-based
materials.
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