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Fruit wastes are generally rich in carbohydrates, proteins and other organic compounds, making them prone to valorization 
through biotechnological processes (Lee et al., 2014). Added-value compounds, such as volatile fatty acids (VFAs), can 
be produced by acidogenic fermentation (AF) of fruit waste. On the other hand, wastewater treatment plants produce high 
volumes of sewage sludge (SS), with its treatment and disposal representing 11-60% of total operating costs Montiel-
Jarillo et al., 2021). SS rich content in carbohydrates and proteins makes it a suitable feedstock for VFAs production via  
AF. Co-fermenting fruit waste and nutrient-exhausted SS (treated SS) can lead to better management of both wastes and 
potentially increase VFA production yields. These waste-derived VFAs can be used for polyhydroxyalkanoates (PHAs)  
production, therefore increasing their sustainability and economic value (Lee et al., 2014). Therefore, this work aimed to 
valorize treated SS and fruit waste streams through the production of VFAs using mixed microbial cultures. The impact  
of using one or multiple fruit wastes as co-substrates was assessed for VFA and PHA composition tailoring.

To assess the co-fermentation potential of multiple fruit waste streams (tomato, kiwi, and orange) and treated SS 
as feedstocks, preliminary acidogenic batch fermentation tests in serum flasks were performed. A Design of Experiments 
(DoE) approach in serum flasks was also performed to determine the optimal operational conditions for scaling-up. Based 
on the preliminary acidogenic fermentation, tomato waste achieved the highest acidification degree (71.7 ± 0.4 %COD). 
For this reason, and due to its general availability throughout the year, tomato waste was selected for subsequent co-
digestion with treated SS. The optimal conditions obtained in the DoE assays were a substrate to inoculum ratio (S/I) of  
2.5  gVSresidue/gVSinoculum and  a  tomato/treated  SS  content  of  80/20  (%gVS).  To  determine  the  performance  of  co-
fermentation of a mixture of tomato/treated SS under the optimal conditions in a larger scale, AF assays were carried out 
in a 2-L sequencing-batch reactor (SBR) with a Hydraulic Retention Time (HRT) of 10 days (Figure 1). Although tomato 
waste was the preferred primary feedstock, it was also relevant to understand the impact of using a mixture of fruits  
(tomato, kiwi and orange - 1:1:1 mass basis) with the treated SS. Additionally, AF of exclusively treated SS as feedstock 
was also performed. 

Figure 1. SBR assays experimental setup (created in https://BioRender.com).

For the tomato/treated SS mixture, a VFA concentration of 209.8 ± 17.7 Cmmol/L (5.4 ± 0.5 gVFA/L) was  
attained after 10 days of operation, corresponding to an acidification degree of 41.6 ± 3.0% (%COD) (Figure 2). In terms 
of VFA profile, acetic acid (H.Acet, 45 ± 8%) and butyric acid (H.But, 36 ± 1%) were the most abundant fermentation  
products (Figure 3). Based on the obtained fermentation product profile, it is predicted that PHA will be mainly composed 
by 3-hydroxybutyrate (HB) (87 ± 7%) and 3-hydroxyvalerate (HV) (17 ± 6%) monomers, with a residual content of 3-
hydroxyhexanoate (HHx) monomer (1%) (Rodrigues et al., 2024). 
When co-fermenting the mixture of fruits/treated SS, a VFA concentration of 257.2 ± 9.6 Cmmol/L (6.2 ± 0.4 gVFA/L) 
was attained after 10 days of operation, corresponding to an acidification degree of 56.6 ± 2.7% (%COD). The fermented 
stream was mostly composed of H.Acet (25-28 %) and H.But (28-34%) and propionic acid (H.Prop, 31%). The resulting 
PHA would be composed of HB (61-67%), HV (21-29%), and HHx (5-15%). 



For the AF of exclusively treated SS, the VFA concentration was only 53.2 ± 3.4 Cmmol/L on day 10, corresponding to 
an acidification degree of 9.7 ± 1.3% (%COD). The main VFA produced were H.Acet (39 ± 3%) and H.Prop (15 ± 2%), 
corresponding to a PHA rich in HB (55.9 ± 2.1%) and HV (41.4 ± 0.4%) monomers.

Figure 2: Average total VFA concentration (Cmmol/L) throughout SBR operation of each assay.

The stabilization of VFA production after approximately seven days suggests that the HRT could be reduced,  
improving process efficiency and productivity yields of the co-fermentations: Productivity was 29% higher at day 7 for 
both tomato (0.76 gVFA/L.d) and mixture of fruits (0.89 gVFA/L.d) as co-substrates, when comparing to day 10.
In terms of feedstock, the use of a mixture of fruits as a co-substrate, compared to using just tomato, benefited VFA 
production yield (an increase of  approx.  47 Cmmol/L),  acidification degree  (approx.  15% more)  and productivity 
(increase of 0.1 gVFA/L.d) (at operational day 10). By having multiple fruits available for co-fermentation, a more diverse 
carbon source is provided, potentially providing sugars that are metabolized at different rates, and activating different  
metabolic pathways, which can lead to a more resilient and diverse microbial community and consequently increase VFA 
production (Vidal-Antich et al., 2022). In terms of PHA composition, the presence of multiple fruits as carbon source  
resulted in a more versatile monomeric profile, possibly due to the more varied VFA profile. Therefore, having various 
fruits available for AF enables the adjustment of treated SS/fruits blending ratios to tailor specific VFA profiles. This  
approach allows the customization of PHA properties through the modulation of the monomeric composition. Future  
work will explore the effect of using lower HRTs to optimize VFA production under batch mode and also the use of a  
fed-batch regimen in the acidogenic fermentation of the fruits and treated sludge SS to enhance the acidification degree.

Figure 3: Average VFA composition (%Cmmol) and acidification degree (%COD) at day 10 of each assay.
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