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Re ve nue  of the  be e r m arke t worldwide  from  2012 to 2021

Not e: Beer includes fermented beverages made from malt with an alcohol 
content of more than 0.5% as well as beer mix drinks.
Source(s): Stat ista Consumer Market Outlook; Stat ista; ID 1232738

Note: Be e r inc lude s fe rm e nte d be ve rage s m ade  from  m alt with an 
alcohol conte nt of m ore  than 0 .5% as we ll as be e r m ix drinks.
Source(s): Statista Consum e r Marke t Outlook; Statista; ID 1232745
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Volum e  of the  be e r m arke t worldwide  from  2012 to 2021

http://www.statista.com/statistics/1232738/beer-revenue-by-sales-channel-worldwide
http://www.statista.com/statistics/1232745/beer-volume-by-sales-channel-worldwide


● Czech republic 135 lite rs

● Austria 100  lite rs

● Ge rm any 95 lite rs

● Poland 93 lite rs

● Rom ania 87 lite rs

The highest per capita consumption 
of beer in Europe in 2021



Brewer s̀ Spent Grains (BSG)

• It  is the main by-product  of the 

brewing indust ry

• 180 bil l ion l iters beer were produced 

worldwide in 2021

• around 36 mil l ion metric tons 

BSG produced worldwide.

https://moonshiners.club/wp-content/uploads/2016/08/Beer-production-scheme-2.jpg
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▪ Low market  value

▪ Limited appl icat ion as animal 

feed

Problem



▪ BSG has nutrient  rich content

▪ High-volume low-cost

Opportunity

Component BSG1 BSG2 BSG3

Cellulose 17.5 17.2 18.9

Hemicellulose 25.5 28.6 29.24

Lignin 15.7 15.4 17.4

Starch 20.9 19.4 19.1

Protein 22.7 18.9 17.9

Components are reported as the percentage of BSG dry weight

✔ Food-grade by-product



Fungi st rains

Submerged Fungal Cultivation on BSG

Aspergil lus oryzae Rhizopus delemarNeurospora intermedia



• Fungal Strain
• Medium Supplementation (salts, 

trace metals, and vitamins)
• Cellulase Addition

▪ Substrate condition

• 30 g/ L BSG without 
pretreatment

▪ Studied Factors

Submerged Fungal Cultivation on BSG



Submerged Fungal Cultivation on BSG

Increase in protein content of biomass after fermentation 
compared to initial substrate



Submerged Fungal Cultivation on BSG

Concentrat ion of Recovered Sol ids and Protein Content  
after fungal cul t ivat ion



Submerged Fungal Cultivation on BSG

Increase in protein content of biomass after fermentation 
compared to initial substrate



Submerged Fungal Cultivation on BSG

Concentrat ion of Recovered Sol ids and Protein Content  
after fungal cul t ivat ion



Submerged Fungal Cultivation on BSG

Ethanol yield of fermentat ion w ith dif ferent  fungi at  
dif ferent  condit ions



• Submerged fungal cult ivat ion increased BSG’s protein content by up to 
40% and reduced sol id weights up to 47%.

• Higher process output  by medium supplementat ion 

• medium supplementat ion resulted in similar concentrat ion of 
recovered sol ids (~24 g/ L) and protein content (~31%) from the 
cult ivat ion w ith three invest igated fungal strains

• The addit ion of cel lulase cocktail  reduced the concentrat ion of 
recovered sol ids by 24 to 32%, and it  was more favorable for ethanol 
product ion.

Conclusions
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