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BIOCHEM: A new methodology for designing mixed-culture bioprocesses
assisted with bioenergetics models

Alberte REGUEIRA1, Miguel MAURICIO-IGLESIAS1, Marta CARBALLA1, Juan M.
LEMA1

1 Universidade de Santiago de Compostela, Spain

Mixed culture fermentations (MCFs) are recognised as an inexpensive means to produce high-added-value-
products from low-grade biomass

However, developing a new bioprocess based on this technology is a challenging task. Although mixed
cultures are advantageous when treating complex substrates in a continuous operation they also pose a
fundamental challenge: they are complex and uncharacterized and we are not able to fully understand the
mechanisms that control these populations. In consequence, it is difficult to control the operation and to
foresee the outcome of the process.

In this context, we present ERA-NET IB project BIOCHEM project aiming at designing a methodology for
the development of a novel process using MCFs focusing on two aspects: reaching a high productivity and
achieving a high selectivity of the desired product(s).

 The optimisation of product selectivity is carried out by a bioenergetics-based model [1] , which can predict
 the most favoured metabolic routes with the operational conditions It is based on the assumption that in
energy-scarce environments, like an anaerobic fermentation, thermodynamic constraints select the products
being yield by the microbial consortia. Hence, changing the operational conditions (e.g. pH, temperature or
substrate) can shift the process to particular metabolic routes modifying thus the stoichiometry of the
fermentation. The increase of productivity is investigated by merging the bioenergetics model with a
kinetic-based model (e.g. ADM1, [2]), thereby adapting the operation conditions and substrate composition
that maximise the productivity of the desired product(s). The diagram in Figure 1 describes the methodology
and the information flow. As a final demonstration of the BIOCHEM methodology, the design of a
bioprocess for the production of volatile fatty acids (VFAs) by anaerobic fermentation of food waste is
proposed and experimentally validated.

[1] González-Cabaleiro, R., J.M. Lema, and J. Rodríguez, Metabolic Energy-Based Modelling Explains
Product Yielding in Anaerobic Mixed Culture Fermentations. PLoS ONE, 2015. 10(5): p. e0126739.

[2] Batstone, D.J., et al., The IWA Anaerobic Digestion Model No 1 (ADM1). Water Sci Technol, 2002.
45(10): p. 65-73.
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