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Anaerobic digestion (AD) is widely used for renewable energy production; however, the efficient conversion of 

lignocellulosic and nitrogen-rich substrates remains challenging. Lignocellulose slows hydrolysis, while elevated 

ammonia concentrations inhibit methanogenesis, often leading to volatile fatty acid accumulation and reduced 

methane yields (Ferri da Silva et al., 2025; Li et al., 2021). Although bioaugmentation has been proposed as a 

strategy to improve AD performance, most studies address single limitations rather than multiple inhibitory 

mechanisms simultaneously (Jiang et al., 2020). 

 The novelty of this study lies in the development of acclimatised composite microbial consortia capable of 

simultaneously enhancing hydrolysis and methanogenesis and retaining activity after long-term preservation, 

enabling their use as ready-to-apply bioaugmentation agents. Composite inocula were prepared by combining 

mixed anaerobic cultures with the hydrolytic bacterium Ruminococcus albus and the ammonia-tolerant 

methanogen Methanoculleus bourgensis. The cultures were gradually acclimatised to increasing lignocellulose (3 

g VS L-1) and ammonia concentrations (4 g NH4
+-N L-1) in order to promote tolerance and stable syntrophic 

interactions. After acclimatisation, the inocula were preserved either by lyophilisation or by anaerobic gel 

immobilisation and subsequently evaluated in batch anaerobic digestion experiments operated under inhibitory 

conditions. 

Bioaugmentation with lyophilised composite inocula resulted in significantly higher methane production 

compared to gel-immobilised systems. The best-performing treatment reached methane yields of approximately 

195 mL CH4 g-1 VS, corresponding to several-fold higher methane production than immobilised inocula. In 

addition to increased cumulative methane production, lyophilised cultures exhibited higher methane production 

rates and shorter lag phases, indicating faster establishment of active microbial populations. 

Figure 1 Total methane production (CH4 mL g-1 VS) for lyophilised treatments using a) cow manure and glucose 

as substrates b) cow manure and wheat straw as substrates. 



Figure 2 Total cumulative methane production (CH4 mL g-1 VS) for gel-immobilised treatments using a) cow 

manure and glucose as substrates b) cow manure and wheat straw as substrates. Error bars represent standard 

deviations of triplicates (n = 3) 

 Process monitoring showed more stable digestion performance in the lyophilised treatments, including 

faster conversion of intermediates and improved process stability. The enhanced performance is attributed to 

preserved syntrophic interactions between hydrolytic bacteria and ammonia-tolerant methanogens, which enabled 

simultaneous fibre degradation and methane formation under inhibitory conditions, a functionality that remains 

rarely demonstrated with preserved consortia (van Wyk et al., 2025). These results demonstrate that acclimatised 

and preserved composite inocula can significantly improve digestion performance under conditions that typically 

cause inhibition. The ability to store active microbial consortia and apply them when needed represents an 

important step toward practical microbial resource management in anaerobic digestion and is expected to be of 

strong interest to researchers and engineers working on robust biogas production systems. 
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