Impact of organic loading rate on the monomer composition and molecular weight of
polyhydroxyalkanoates produced with mixed microbial cultures
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Introduction

Molecular weight (Mw) and monomer composition are crucial characteristics of PHA as they determine its
applicability in industrial sectors and consequently its commercialization purposes (Koller, 2020). Specifically,
these parameters affect melting point, thermal properties, and mechanical properties like tensile strength, elastic
module and crystallinity (Singh et al., 2015). Moreover, Mw and monomeric composition depend on many factors
during the PHA production process: substrate, feeding strategies, microbial population (Albuquerque et al. 2011).
This study aimed to evaluate changes in the polymer characteristics (Mw and monomer composition) under
increasing organic loading rate (OLR).

Material and Methods

A sequencing batch reactor (SBR) with working volume of 2 L. was operated to enrich a mixed microbial culture
(MMC) in PHA accumulating bacteria. It was employed a feeding strategy consisting in a carbon feast and famine
regime with uncoupled ammonia feeding. The SBR cycle was divided as follows: 11 hours of reaction phase, 50
minutes of settling phase, 5 minutes of withdrawal phase and 5 minutes of idle phase. In the first 5 minutes of
the reaction phase, the carbon source was fed together with a mineral solution. The carbon source was a mixture
of volatile fatty acids (VFA) consisting of 60 % butyric acid, 20 % valeric acid and 20 % hexanoic acid, in a Cmol
basis. A nitrogen and phosphorus solution was added after the depletion of the carbon source, imposing an overall
feeding ratio of C:N:P ratio of 100:7:1. The SBR was operated with an SRT of 4 days and an HRT of 1 day. Along
the operation, the OLR was increased in three steps: 2, 4 and 6 gCOD L™ d"'. The experimentation was carried out
at room temperature (20 + 1 °C), and the pH was controlled so as not to exceed 8.5 by automatic addition of 1 M
HCI as needed. Fed-batch PHA accumulation assays were performed for each OLR using the same feedstock of
the SBR, to evaluate the maximum storage capacity of the selected MMC and to determine any changes in the
composition and molecular weight of the polymers. The Feast to Famine (F/F) ratio was calculated by dividing
the length of the feast phase by that of the famine phase.

Results and Discussion

Along each operating condition, the F/F ratio presented values below 0.1, despite the increase in the OLR
parameter. This indicated the implementation in the SBR of a stable and strong selective pressure towards PHA
accumulating bacteria, across all conditions. As an example of the culture performance during an SBR cycle at
OLR 6 gCOD L d*, Figure 1a shows that the organic acids were fed at the beginning of the feast phase in the
absence of a nitrogen source. Under these conditions, the supplied carbon was mainly used for PHA synthesis and
storage, with no significant biomass growth observed. After approximately two hours, nitrogen and phosphorus
were added and were consumed together with the stored PHA, leading to active biomass growth.
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Figure 1: Profile of the MMC during the period with OLR 6 gCODY/L.d. a) Full cycle monitoring of the selection
reactor, b) Fed-batch PHA accumulation assay performed with biomass collected from the selection reactor.
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To evaluate the culture maximum PHA accumulation capacity and potential changes in the composition
and characteristics of the PHAs produced, fed-batch accumulation tests were performed (Figure 1b). The
maximum PHA content (PHAmax) obtained in the accumulation assays followed a similar trend, with values of
65.6 £ 4.3 wt.%, 52.1 £ 1.4 wt.% and 58.1 + 0.8 wt.% along the increasing OLR (Table 1). These results indicate
that, despite the different OLRs applied, the MMCs selected in the three experimental periods exhibited similar
capacities for PHA accumulation. As shown in Table 1, 3HB was consistently the predominant monomer,
accounting for 75% to 80% of the total composition reflecting the high proportion of butyric acid (60%) in the
substrate. The variations in 3HV and 3HHx across the three periods were relatively small, indicating that the
terpolymer composition remained consistent.

The polymers obtained in the accumulation assays had different Mw and PDI likely due to the varying
microbial composition, which changed based on the OLR of the enrichment reactor (Table 1). The Mw of the
polymers obtained from the Fed-Batch accumulation assays was 462.34 + 42.81 kDa, 295.91 + 10.24 kDa, and
396.94 + 1.24 kDa, along the increasing OLR. These values fall within the same range as those reported in previous
studies for PHA produced from MMCs using waste-based raw materials (220-650 kDa, respectively) (Matos et
al., 2021).

Table 1: Polymer composition, content, molecular weight (Mw) and polydispersity index (PDI) of fed-batch
accumulation assays with synthetic substrate comprising, on a Cmol basis, 80:20:20 of butyric, valeric and caproic
acid, respectively.

OLR
2 gCOD/L.d 4 gCOD/L.d 6 gCOD/L.d

HB:HV:HHx (wt. %) 75:19:6 76:19:5 80:17:3
PHA max (wt.%) 65.6 52.1 58.1
dev. st. 4.4 14 0.8

Polymer M,, (kDa) 462.34 296.91 396.94
dev. st. 42.81 10.24 1.24
Polymer PDI 3.01 2.35 3.57
dev. st. 0.05 0.23 0.00

Conclusions

The study demonstrated that feast—famine selection strategies can effectively enrich mixed microbial cultures in
PHA-storing microorganisms with the capacity to reliably produce PHA terpolymers comprising the medium chain
length monomer HHx. Moreover, results suggest that the implementation of different OLR, does not lead to
significant variations in polymer composition and Mw, supporting the delivery of a consistent polymer across
conditions. This consistency is crucial for the scale-up of PHA production processes, ensuring the predictability
of the polymer quality.
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