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Continuous anaerobic digesters treating manure and lignocellulosic residues frequently experience process
instability caused by ammonia toxicity and limited hydrolysis of fibrous material. Under such conditions, methane
production decreases, volatile fatty acids accumulate, and recovery may require extended operational changes.
Although bioaugmentation has shown promising results in batch experiments, demonstrations in continuously
operated systems remain limited (Fotidis et al., 2025; Li et al., 2023).

The novelty of this study is the application of a long-term stored composite microbial inoculum in a
continuously operated reactor under inhibitory conditions, demonstrating rapid recovery of methane production
and stable reactor performance. Such evidence is essential for translating bioaugmentation strategies into practical
operation. A mesophilic continuous stirred-tank reactor (working volume 4.5 L, HRT 30 days) co-digesting
manure and lignocellulosic biomass was operated through sequential phases including stable operation, induced
inhibition, bioaugmentation, and recovery. The applied inoculum consisted of acclimatised hydrolytic bacteria and
ammonia-tolerant methanogens preserved by lyophilisation and stored for extended periods prior to application.
During stable operation, methane production rates averaged approximately 241 mL CH4 L' d”!, indicating
balanced microbial activity. Following the increase of ammonia concentration to 5 g NH4-N L and the
introduction of lignocellulosic loading, methane production declined by nearly 67%, confirming severe inhibition.
After bioaugmentation, methane production recovered rapidly and reached a new steady state of approximately
354 mL CH4 L' d'!. This represented an increase of more than 145% compared to the inhibited phase and
approximately 48% higher methane production than during the initial stable period. Overall reactor productivity
increased by about 47%, while volatile fatty acid concentrations declined after a short transient increase associated
with accelerated hydrolysis. Stable pH and nitrogen conditions were re-established, confirming recovery of
syntrophic metabolism and methanogenic activity.
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Figure 1 Methane production rate of Rgio.



These results demonstrate that preserved composite consortia can retain high metabolic activity after
storage and can effectively restore performance in continuously operated anaerobic digestion systems. Such
demonstrations remain scarce and are crucial for bridging the gap between laboratory bioaugmentation research
and industrial implementation (van Wyk et al., 2025). The ability to rapidly stabilise inhibited reactors without
major operational changes offers clear advantages for full-scale biogas plants. Preserved bioaugmentation cultures
therefore represent a promising operational tool to improve process resilience, increase methane recovery, and
enable more reliable utilisation of complex and inhibitory substrates.
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