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1. Introduction – Biogas is an environmentally friendly fuel used to produce energy. The major substrates 

used for obtaining biogas are raw substrates as animal manure, organic waste, and wastewater. Biogas 

production process lasts for 30 days and is composed of 4 major steps: hydrolysis, acidogenesis, 

acetogenesis and methanogenesis. Hydrolysis of large organic compounds plays an essential role that drives 

the overall quantity and quality of the biogas produced. This first step lasts for no longer than the 4th day of 

the process, during which hydrolytic (e.g., proteolytic, cellulolytic) microorganisms exert their role and the 

product generated can sustain the establishment of microbial consortia in charge of biogas production [1]. 

Additive materials, as zeolites, are used to reduce operative costs and improve biogas quality by increasing 

the yield of methane [2]. The use of such materials enhances the establishment of beneficial conditions for 

high-quality fermentation where zeolites regulate ammonia balance, support bacterial immobilization and 

due to their porous crystalline structure, they exhibit adsorbent properties useful in heavy metals 

removal[3]. 

The aim of this research is to study how the use of zeolites affects the capture of heavy metals and how this 

phenomenon influences the structure and activity of the proteolytic consortia present in wastewater during 

biogas production. To determine the structure of bacterial population, we are also developing a state-of-

the-art droplet microfluidic workflow. Picolitres droplets of equal volume allow performing assays in a 

quantitative manner on a clonal population originating from single cells, enabling unprecedented ultra-

high-throughput screening capabilities. In our project, single cells are encapsulated in droplets and after 

bacterial growth, enrichment of droplets containing exclusively proteolytic microorganisms is executed 

upon an optical assay.  

 

2. Experimental - Wastewaters are stored in glass bottles in presence of heavy metals such as Zn, Cu, Cd, 

Fe, As in an equimolar concentration and zeolites. Aliquots for droplet generation are taken during the first 

4 days of the experiment. After bacterial growth sorting of droplets containing proteolytic strains is 

performed. The enriched emulsions are broken and sequenced to assess the presence and diversity of active 

proteolytic microbes.  

Physicochemical characterization of wastewater is carried out for the whole length of the experiment for a 

total of 30 days. On the 30th day the volume and composition of the biogas will be measured.  

 

3. Results and Discussion - Our data will shed light on the composition of proteolytic consortia that 

actively participate in the hydrolysis of biomasses inside wastewater. Heavy metals adsorption effect of 

zeolites influences the hydrolytic communities in terms of taxa diversity and proteolytic efficiency. As a 

result of efficient hydrolysis improved biogas production is achieved, obtaining an increased volume with 

a higher percentage of methane as the major component. 

 

4. Conclusions – My research is focused on the development of high-throughput assays for microfluidic 

enrichment of bacteria useful in bioremediation. Currently, I am developing a new absorbance-based assay 

to study the active proteolytic microorganisms found in wastewater. Our technology is intended for 

academic research and industrial application, enabling for characterization and use of valuable proteolytic 

strains or the enzymes they produce. The knowledge acquired during this study support monitoring of large-

scale anaerobic digesters and, via biobanking future applications could be fulfilled with the development 

of high-efficient proteolytic biopreparation. 
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