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Solid-state fermentation (SSF) is a robust biotechnology for biotransforming heterogeneous food-service residues into 

high-value agronomic products (Couto & Sanromán, 2006). HORECA food waste represents a major environmental 

challenge, with one‑third of food produced globally—around 1.3 billion tonnes—lost or discarded each year 

(Gustavsson et al., 2011). The present work develops and optimises a fungal SSF process to convert HORECA waste 

into nutrient‑enriched biofertilizer ingredient. 

Throughout the study, critical parameters governing substrate preparation, microbial selection, aeration, 

moisture, and process control were systematically optimized to ensure consistent performance under realistic industrial 

conditions. HORECA residues were characterized by elevated protein (18.8–19.4%), moderate fat (10.9–17.2%), low 

C/N ratio (15.6–16.4) and approximately 80% moisture. To achieve adequate porosity and carbon balance, rice husk 

was incorporated as bulking agent-BA (7.5%), improving aeration and structural stability (Webb, 2017). Moisture was 

standardised to 70% using centrifugation and controlled hydration, while microbial safety was ensured via thermal 

treatment at ≥85 °C for 60 minutes. 

A panel of filamentous fungi—Aspergillus oryzae, Rhizopus oryzae, Aspergillus niger, Trichoderma harzianum 

and Purpureocillium sp.—was screened for their capacity to produce enzymes, organic acids and bioactive metabolites 

of agronomic interest (Kumar et al., 2021). Strain‑dependent differences were observed in amino‑acid liberation, 

phosphorus solubilisation and phytohormone synthesis. Multifactorial optimisation revealed that BA improved 

physical performance at scale despite reducing some organic acid yields. 

The optimal configuration identified was the use of A. oryzae as fermentative agent, addition of 7.5% BA and 

fermentation time of 7 days. This condition increased protein content from 15.3% to 32.3%, free amino acids from 

0.45% to 2.59% and total amino acids by 8.6%. Carbohydrates declined by ~29%, reducing C/N from 19.4 to 9.4 and 

indicating a more mature and nitrogen‑enriched matrix. Significant mineral enrichment was achieved: soluble 

phosphorus (+1,204 mg/kg), total phosphorus (+3,142 mg/kg), calcium (+7.38 g/kg), magnesium (+331 mg/kg) and 

potassium (+1.94 g/kg). 

Organic acids such as succinic, glutamic and lactic acids were produced, contributing to phosphorus 

solubilisation and nutrient mobilisation (Lizardi‑Jiménez & Hernández‑Martínez, 2017). A. oryzae also synthesised 

indole‑3‑acetic acid, enhancing the biostimulant potential of the final product.  

These improvements confirm the capacity of SSF to enhance nutrient density through fungal enzymatic activity, 

biomass formation, and mineral solubilization. In parallel, reductions in carbohydrate content and C/N ratio indicate a 

more mature and agronomically balanced product, with enhanced bioavailability of nutrients. Additionally, the process 

demonstrated the production of phyto-active compounds such as indole-3-acetic acid, further supporting the bio-

stimulant potential of the final ingredient. 

Overall, these preliminary results indicate that HORECA waste can be effectively valorized into a stable, 

nutrient-rich, and functionally enhanced biofertilizer ingredient using fungal SSF. Validation of results at pilot (30 kg) 

and semi-industrial (300 kg) scale will be further developed in the framework of the LandFeed project 

(https://www.landfeed.eu/) 
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