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1. Introduction – Due to social, economic, and environmental impacts, the management and disposal of 

the organic fraction of municipal solid waste (OFMSW) is one of the main collective challenges of the 21st 

century. In 2019, 931 million tonnes of food waste were generated in the world [1]. Currently, about 75% 

of food wastes are incinerated or landfilled, implying an associated cost of €143 billion and carbon and 

energy losses [2,3]. Hydrogen (H2) production via dark fermentation (DF) has been proposed to valorize 

various types of organic wastes, such as fruit and vegetable waste (FVW). However, the main drawback to 

efficiently produce H2 from FVW has been associated with the accumulation of lactic acid. Fortunately, the 

non-conventional lactate-driven DF has gained interest to cope with the overgrowth of lactate producers in 

DF reactors, but this promising remains poorly understood. In the quest of fostering the valorization of 

FVW within a circular economy approach, the present study aims at investigating the influence of pH, total 

solids (TS) concentration, and inoculum size on the production of H2 via the lactate-driven DF process. 

2. Experimental – FVW collected from a market was used as the substrate with a TS content of 95 ± 2 

g/L. The effect of culture parameters (pH, solid concentration and inoculum size) on the H2 production 

performance and organic acid profile was investigated under batch operation using an enriched H2-

producing inoculum (10% v/v). Batch fermentation tests were performed by duplicate in 1.25 L well-mixed 

plastic bioreactors (0.7 L working volume) agitated magnetically at ≈ 300 rpm. The DF were carried out at 

37 ± 1 °C. The pH values that were tested were 5.5, 6.0, 6.5, 7.0, and uncontrolled pH (initial pH of 4.6). 

Three different TS concentrations were assessed (i.e., 5%, 7% and 9%), keeping the pH constant at 7.0. 

Finally, the effect of inoculum size on the process was evaluated by fixing the pH and TS concentration 

while varying the inoculum size accordingly to 180, 1800, and 18000 mg VSS/L. The performance of the 

lactate-driven DF process was evaluated in terms of the H2 production yield (YH), the maximum volumetric 

H2 production rate (VHPR), and the organic acids profile. H2 production kinetics was also evaluated using 

the modified Gompertz model. 

 3. Results and Discussion – As expected, it was found that all culture parameters studied affected the 

lactate-driven DF of FVW. The best condition for each tested process parameter was pH 7.0, 5% TS and 

1800 mg/L inoculum size, enabling a VHPR of 536 ± 15, 688 ± 563, 1454 ± 220 NmL H2/L-h, respectively, 

which are relatively high compared to those reported in literature. Furthermore, lactate consumption was 

associated with the production of H2 and butyrate, which suggested the occurrence of the lactate-driven DF 

process. For the kinetic H2 production it was observed that the modified Gompertz model accurately 

described the H2 production behavior with R2 values higher than 0.9896.  

4. Conclusions – BioH2, up to 1454 ± 220 NmL H2/L-h with an associated YH of 41 ± 5 NmL H2/g VS 

fed, was produced from the lactate-type metabolic pathway using FVW as the substrate. This first proof-

of-concept study evidenced an effective H2 production from FVW despite the presence of lactate producers, 

which opens a new promising way to exploit the unwanted “Achilles heel” of DF. 
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