





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Beer ethanol and iso-α-acid level affect microbial community establishment and beer chemistry throughout wood maturation of beer
  
      Sofie Bossaert, Tin Kocijan, Valérie Winne, Johanna Schlich, Beatriz Herrera-Malaver, Kevin J. Verstrepen, Filip Van Opstaele, Gert De Rouck, Sam Crauwels, Bart Lievens

  
      doi: https://doi.org/10.1101/2022.03.07.483260 

  
  
  

Sofie Bossaert 
aLaboratory for Process Microbial Ecology and Bioinspirational Management (PME&BIM), Center of Microbial and Plant Genetics (CMPG), Department of Microbial and Molecular Systems (M2S), KU Leuven, Leuven, Belgium
bLeuven Institute for Beer Research (LIBR), KU Leuven, Leuven, Belgium

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Tin Kocijan 
aLaboratory for Process Microbial Ecology and Bioinspirational Management (PME&BIM), Center of Microbial and Plant Genetics (CMPG), Department of Microbial and Molecular Systems (M2S), KU Leuven, Leuven, Belgium
bLeuven Institute for Beer Research (LIBR), KU Leuven, Leuven, Belgium

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Valérie Winne 
bLeuven Institute for Beer Research (LIBR), KU Leuven, Leuven, Belgium
cLaboratory of Enzyme, Fermentation and Brewing Technology (EFBT), Center for Food and Microbial Technology (CLM), M2S, KU Leuven, Ghent, Belgium

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Johanna Schlich 
bLeuven Institute for Beer Research (LIBR), KU Leuven, Leuven, Belgium
cLaboratory of Enzyme, Fermentation and Brewing Technology (EFBT), Center for Food and Microbial Technology (CLM), M2S, KU Leuven, Ghent, Belgium

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Beatriz Herrera-Malaver 
bLeuven Institute for Beer Research (LIBR), KU Leuven, Leuven, Belgium
dFlanders Institute for Biotechnology (VIB) – KU Leuven Center for Microbiology, Leuven, Belgium
eLaboratory of Genetics and Genomics, CMPG, M2S, KU Leuven, Leuven, Belgium

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Kevin J. Verstrepen 
bLeuven Institute for Beer Research (LIBR), KU Leuven, Leuven, Belgium
dFlanders Institute for Biotechnology (VIB) – KU Leuven Center for Microbiology, Leuven, Belgium
eLaboratory of Genetics and Genomics, CMPG, M2S, KU Leuven, Leuven, Belgium

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Filip Van Opstaele 
bLeuven Institute for Beer Research (LIBR), KU Leuven, Leuven, Belgium
cLaboratory of Enzyme, Fermentation and Brewing Technology (EFBT), Center for Food and Microbial Technology (CLM), M2S, KU Leuven, Ghent, Belgium

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Gert De Rouck 
bLeuven Institute for Beer Research (LIBR), KU Leuven, Leuven, Belgium
cLaboratory of Enzyme, Fermentation and Brewing Technology (EFBT), Center for Food and Microbial Technology (CLM), M2S, KU Leuven, Ghent, Belgium

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Sam Crauwels 
aLaboratory for Process Microbial Ecology and Bioinspirational Management (PME&BIM), Center of Microbial and Plant Genetics (CMPG), Department of Microbial and Molecular Systems (M2S), KU Leuven, Leuven, Belgium
bLeuven Institute for Beer Research (LIBR), KU Leuven, Leuven, Belgium

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Bart Lievens 
aLaboratory for Process Microbial Ecology and Bioinspirational Management (PME&BIM), Center of Microbial and Plant Genetics (CMPG), Department of Microbial and Molecular Systems (M2S), KU Leuven, Leuven, Belgium
bLeuven Institute for Beer Research (LIBR), KU Leuven, Leuven, Belgium

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
bart.lievens@kuleuven.be




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Supplementary material
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Sour beers produced by barrel-aging of conventionally fermented beers are becoming increasingly popular. However, as the intricate interactions between the wood, the microbes and the beer are still unclear, wood maturation often leads to inconsistent end products with undesired sensory properties. Previous research on industrial barrel-aging of beer suggests that beer parameters like the ethanol content and bitterness play an important role in the microbial community composition and beer chemistry, but their exact impact still remains to be investigated. In this study, an experimentally tractable lab-scale system based on an in-vitro community of four key bacteria (Acetobacter malorum, Gluconobacter oxydans, Lactobacillus brevis and Pediococcus damnosus) and four key yeasts (Brettanomyces bruxellensis, Candida friedrichii, Pichia membranifaciens and Saccharomyces cerevisiae) that are consistently associated with barrel-aging of beer, was used to test the hypotheses that beer ethanol and bitterness impact microbial community composition and beer chemistry. Experiments were performed using different levels of ethanol (5.2 v/v%, 8 v/v% and 11 v/v%) and bitterness (13 ppm, 35 ppm and 170 ppm iso-α-acids), and beers were matured for 60 days. Samples were taken after 0, 10, 20, 30 and 60 days to monitor population densities and beer chemistry. Results revealed that all treatments and the maturation time significantly affected the microbial community composition and beer chemistry. More specifically, the ethanol treatments obstructed growth of L. brevis and G. oxydans and delayed fungal growth. The iso-α-acid treatments hindered growth of L. brevis and stimulated growth of P. membranifaciens, while the other strains remained unaffected. Beer chemistry was found to be affected by higher ethanol levels, which led to an increased extraction of wood-derived compounds. Furthermore, the distinct microbial communities also induced changes in the chemical composition of the beer samples, leading to concentration differences in beer- and wood-derived compounds like 4-ethyl guaiacol, 4-ethyl phenol, cis-oak lactone, vanillin, furfural and 5-methyl furfural. Altogether, our results indicate that wood-aging of beer is affected by biotic and abiotic parameters, influencing the quality of the final product. Additionally, this work provides a new, cost-effective approach to study the production of barrel-aged beers based on a simplified microbial community model.
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