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Introduction

Agri-food residues represent a major underutilised source of renewable carbon whose valorisation could support
the circular bioeconomy and reduce environmental impacts (Gontard et al, 2018). Among possible bioproducts,
polyhydroxyalkanoates (PHA) are biodegradable microbial polymers with tunable properties, ranging from rigid
PHB to more flexible copolymers such as poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) (Arcos-
Hernéandez et al, 2013). Although industrial PHA production mainly relies on pure cultures, mixed microbial
cultures (MMC) enable the use of complex waste streams and reduce process costs (Chouhan and Tiwari, 2025).
However, agri-food residues present challenges due to their compositional variability, despite fermentation-derived
carboxylic acids (CA) being suitable PHA precursors. This study investigates the production of PHBV from agri-
food residues using MMC, focusing on the influence of feedstock composition on hydroxyvalerate (HV)
incorporation. The work builds on previous results obtained with synthetic media (Magonara et al, 2025) and
evaluates real residues within the EU AgriL.oop project framework.

Material and methods

In this study, a three-stage process was investigated to produce PHBV from agri-food residues. The
experimentation included a laboratory-based phase designed to plan and assist the subsequent pilot-scale
production of PHBV. The pilot plant was conveniently located within an agricultural cooperative near Verona,
Italy, providing easy access to agri-food feedstocks. The process consisted of: (i) acidogenic fermentation of cattle
slurry and corn residues to generate a CA-rich stream; (ii) microbial selection under feast—famine conditions to
enrich PHA-accumulating microorganisms; and (iii) PHA accumulation in a fed-batch reactor. The lab-based work
was divided into two setups, where the second one included the filtration of the CA-rich fermentation fluid at 0.22
pm prior to its utilisation for bacterial growth, to eliminate suspended solids, bacteria and the non-biodegradable
particulated carbon fraction. The PHA content and monomer composition of the obtained microbial biomass were
determined by gas chromatography, and the molecular weight distribution of the extracted PHBV was assessed by
gel permeation chromatography. Polymer extraction and purification were performed chemically using 0.3 M
NaOH, applied to a biomass with a final concentration of 20 gTS/L. Enzymatic purification involved the use of
the enzymes alcalase, lysozyme, and phospholipase A2, and their combinations. Combined chemical and
enzymatic extraction and purification were also performed. Changes in the bacterial community within the reactors
were monitored by 16S rRNA gene amplicon sequencing.

Results and discussion

At laboratory scale, the acidogenic fermentation of the agri-food residues produced up to 18.6 g COD/L of CAs,
mainly acetic, butyric and propionic acids, with production strongly influenced by substrate ratio, hydraulic
retention time and pH. The CA-rich fermented liquid was used to select MMC enriched with PHBV-accumulating
microorganisms and to tune the PHBV composition during the subsequent accumulation phase.
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Figure 1. PHA storage yield, intracellular PHA and HV content of the biomass obtained from the accumulation bioreactor.
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During the accumulation phase, two operational setups were compared. In setup 1, intracellular PHA contents
remained relatively low (4.0-21.0% w/w of cell dry weight), likely due to the use of unfiltered fermentation



effluent. In setup 2, the introduction of a filtration step and improved microbial selection led to higher and more
stable PHA accumulation, reaching up to 57% w/w. The HV fraction showed temporal variability, ranging from
14-32% w/w in setup 1 and from 13-35% w/w in setup 2, with values generally within or close to the target range
required to improve polymer flexibility and processability. Microbial community analysis revealed a marked
reduction in genus richness following feedstock filtration and the progressive dominance of specialised PHA-
storing genera, indicating effective selection pressure under feast—famine operation and supporting the observed
improvements in polymer accumulation.
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Figure 2. Bacterial community analysis at the genus level in the selection bioreactor across the study period.

At pilot-scale, 14 production batches - the last two were obtained using cow manure and corn silage - allowed to
obtain around 10 kg of PHBV-rich biomass. The PHBV intracellular content after purification with NaOH and
acetic acid reached 65% w/w, and the HV content was mostly within the set range of 20-30% w7w. Combined
purification with chemicals and enzymes resulted in PHBV purity up to 86.4% w/w, when NaOH was used in
combination with the enzyme alcalase.
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Figure 3. Results of the purification of PHBV obtained at pilot-scale through chemical and/or enzymatic treatments.

Conclusions

This study demonstrates the feasibility of producing PHA-rich bacterial biomass with high intracellular
accumulation and tailored HV content using mixed microbial cultures fed with carboxylic acids derived from the
acidogenic fermentation of agri-food residues. At the same time, HV fractions largely aligned with the target range
required to obtain PHBV with suitable thermochemical and mechanical properties for downstream applications,
such as biodegradable agricultural films. The results highlight the critical role of substrate quality and composition,
particularly the presence of odd-carbon CAs, in steering both polymer accumulation and monomer distribution.
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