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1. Introduction – Biogenic hydrogen (bioH2) production from food waste (FW) is a hot topic of research; 

however, the over proliferation of lactic acid bacteria (LAB) hinders the dark fermentation (DF) process 

efficiency. To overcome this bottleneck, this study aimed at evaluating the production of bioH2 with the 

concomitant formation of organic acids, including medium-chain carboxylates (MCCs), from FW through 

lactate-driven DF. Particular emphasis was paid on the effect of the operational pH and total solids (TS) 

content on the volumetric bioH2 production rate (VHPR) and yield (HY) and the titer and distribution of 

organic acids. 

 

2. Experimental - Simulated FW with the following composition modified from Danko et al. [1] was 

used as the substrate: potatoes, chicken breast, pork lard, and cabbage in a ratio of 78:14:4:4% w/w, 

respectively. A series of batch fermentations was carried out in magnetically stirred reactors (200 rpm) 

(with a total and working volume of 1 and 0.8 L, respectively) at 37 ± 1 °C. With the aim of maximizing 

bioH2 performance, different pHs were tested, namely, 5.5, 6.0, 6.5 and non-controlled pH, keeping an 

initial TS content of 5%. In a second approach, the impact of TS on the process was evaluated by varying 

the TS content, i.e., 5, 7.5 and 10%, while fixing the optimum pH of 6.5. Each operational condition was 

performed in duplicate. Gaseous and liquid samples were taken periodically along the process to assess 

the evolution of fermentation. The profile of organic acids was determined by HPLC-UV-Vis, whereas 

the off-gas composition (CO2, H2, CH4) was measured by GC-TCD. 

 

3. Results and Discussion - The operational pH markedly affected the HY. At 5% TS, the higher HY of 

81 mL/g-VSfed was achieved at fixed-pH of 6.5, which was 46 and 9.6% higher than that found at a 

constant pH of 5.5 and 6.0, respectively. The optimum pH condition sustained a bioH2 production of 3.9 

L/Lreactor with a maximum VHPR of 374 mL/L-h. Noted that no bioH2 was produced at non-controlled 

pH conditions due to an excessive acidification of the process. Keeping the pH at 6.5, a TS content of 

7.5% showed the highest bioH2 yield of 103.4 mL/g VSfed, which was around 29% higher than those 

exhibited at different TS concentrations. Regarding the profile of soluble intermediates, the pH value 

affected the titer of the organic acids produced. At the optimum pH (6.5) and TS content (7.5%), the main 

organic acid was lactate during the first 20 h of cultivation, but was totally consumed at 24 h cultivation. 

The consumption of lactate was associated to the production of bioH2 with the concomitant production of 

acetate and butyrate, highlighting the importance of the lactate-based DF. It is important to note that the 

production of MCCs and propionate was favoured after lactate depletion, except in the case of fixed-pH 

5.5 and the non-controlled pH condition. At a pH of 6.5 and 7.5% TS, the MCCs profile included mainly 

caproic acid 8.7 g/L (0.12 g/g VS), isocaproic acid 1.1 g/L (0.02 g/g VS), and valeric/isovaleric acid 1.4 

g/L (0.02 g/g VS), with a final VFA production of 0.49 g/g VSfed. Interestingly, no MCCs accumulation 

was observed at pH 5.5, while only lactate was produced without pH control.  

 

4. Conclusions - This work demonstrated that lactate-based acidogenesis is a feasible way for bioH2 and 

MCCs co-production from FW. A pH of 6.5 and a TS content of 7.5% resulted in the maximization of 

bioH2 production. High MCCs concentrations were also achieved, especially after the production of bioH2 

ceased, being heptanoic acid the most prevalent. The results obtained indicate that the lactate-driven DF 

may be an alternative approach to cope with the excessive growth of LAB in DF reactors fed with FW, 

thus allowing to achieve an enhanced bioH2 production performance. Different operational conditions as 

well as the microbiology involved in the process should be further investigated to improve the production 

of both the bioH2 and organic acids. 
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