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Optimization of brewery’s spent grain processing for the cultivation of Clostridium butyricum

D. Doubkova?, J. Valentova?, P. Kastanek?, B. Branska®

1Department of Biotechnology, Faculty of Food and Biochemical Technology, University of Chemistry and Technology
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The brewing and agricultural industries today generate a significant amount of waste and by-products, including
brewers' spent grains (BSG). However, BSG is a raw material that can be used as a foodstuff and has great
biotechnological potential. Among other things, BSG is composed of lignocellulose and proteins, and these
compounds are a promising source of nutrients such as nitrogen or carbon for the cultivation of microorganisms.
The structure of lignocellulose is quite compact and difficult for microorganisms to access. It is therefore necessary
to disrupt its structure so that the carbohydrates present (glucose, arabinose, xylose) can be released and
subsequently utilised by the microorganisms. Lignocellulose can be degraded by several methods. One of the most
environmentally friendly methods for further use in the food industry is enzymatic hydrolysis, although a pre-
treatment step is often carried out before the hydrolysis itself to make the carbohydrates more accessible to the
enzyme. On the other hand, there is a risk that pre-treatment will produce inhibitors derived from lignocellulose,
which can subsequently have a negative effect on the growth of microorganisms.

We have optimised the hydrolysis of BSG from the point of cost-effective and efficient release of monosaccharides
while minimising the presence of inhibitors such as coumaric acid, ferulic acid, furfural or hydroxymethylfurfural.
After enzymatic hydrolysis, the liquid phase of the hydrolysate was used to grow Clostridium butyricum bacteria to
verify its potential as a cultivation media.

This work was supported from the grant of TACR No TN02000044.
Valorization of agricultural and food waste in microbial biotechnology

P.Patakoval, Z. Jandejsek?
1Department of Biotechnology, University of Chemistry and Technology, Prague, Czech Republic
2Rabbit a.s., Trhovy Stepanov, Czech Republic

We are facing a substrate crisis in industrial white biotechnology. Why? Because it is unethical to use agricultural
crops as substrates for the production of biofuels or bioplastic precursors when there are areas of the world where
there are critical food shortages. There is a way out of this crisis and that is to use the various types of waste, which
are currently undervalued, as substrates for cultivating microorganisms and obtaining value-added products.
However, the use of waste is associated with various types of challenges ranging from the cleavage of difficult to
use polymers into fermentable monomers (lignocellulosic complex is a typical example), to minimizing the formation
of inhibitory substances during waste pretreatment and the difficult separation and purification of products from
complex media. However, with knowledge of the metabolic capabilities of different types of microbial producers,
valorisation of specific wastes is possible. The presentation shows a general approach to solving the problem as well
as examples of specific solutions. The ideal option, which will also be discussed, would be to use raw materials in a
generally biorefinery-like manner. The concept of a second-generation biorefinery will also be presented.

This work was performed thanks to the financial support of the project TACR TN02000044.
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Valorization of
agricultural and food
waste in microbial
biotechnology
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Content of the presentation:

1)Crisis of substrates for industrial (white)
biotechnology

2)Waste as a feedstock and source of carbon and
nitrogen for biotechnologies

3)Which strategy to use for waste processing,
examples

4)ls biorefinery approach a solution?

Traditional industrial (white)
biotechnological processes

a) Yeast Saccharomyces cerevisiae based:
Ethanol production, food and feed biomass
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Processing of non-food biomass as a
feedstock

Agricultural and forestry waste - wheat and
rice straw, corn stover, bagasse, sawdust,
twigs...

Municipal waste, paper

Local processing of waste

Complex structure of waste,
Low concentration
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Pre-treatment approach to waste containing non-
digestible polymers (lignocellulose example)
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Inhibiters (degradation preducts)
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9 Paulova et al., Biotechnol. Adv. 2015, doi:10.1016/biotechadv.2014.12.002

Combined approaches toward substrate pre-
treatment and fermentation

SHF and - optimal
conditions for both hydrolysis and fermentation X time
consuming

SSF (simultaneous saccharification and fermentation) -
simultaneous application of enzymes and microorganisms
X compromised conditions for both processes

CBP (consolidated bio-processing) - use of microorganism
or microbial consortium able to decompose cellulose and
produce required metabolites
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Fed-batch delayed SSF (dSSF) for ethanol productiol

rom

FED-BATCH PROCESS - increase of sugar concentration by
feeding new (concentrated) substrate

Bioreactor A -fermentation Bioreactor B -
fermentation feddutch . hydrolysis
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1 1 yield from cellulose 0.37 g/g Paulova et al., Fuel 122, 294 (2014)

Fed-batch strategy to fully eliminate the negative effect of
lignocellulose derived inhibitors in ABE fermentation
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1 2 Branska 8 et al. Biotechnol Biofuels Bioprod. 2024 Jun 25;17(1):87. doi: 10.1186/513068-024-02520-6.

Animal Waste

blood, horns, hooves, bones, feather, skin, residues after
mechanical separation of meat.. - source of proteins (amino acids)
Nitrogen source for microbial culture

residues after mechanical

is and
separation of meat

13

Use of common carp waste for pigment production by
Monascus purpureus

Kolek et al. 2023
https://dol.org! 10. 18832/ kp2023.69.686
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Enterococcus faecium (how to avoid product separation)

To a bioreactor
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Probiotic preparate for dogs from animal waste
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1 9 Gharwalova et al., 2018 doi: 10.17221/461/2017.CIFS.
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Branska et al., 2017 Czech patent
No. 306795

Production of ABE from joint hydrolysate

ABE - total amount of aceton, butanol and ethanol

Acids - total amount of acetic and butyric acids

sugars (g/1)
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time (h)

Branska et al., 2020 https://dot.org/10.1016/].renene.2019.07.094 Clostridfum beiferinckil

Production of lactic acid using straw + feather

Source of carbon - hydrolysate of wheat straw

Limositactobacillus reuteri
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20
10
0

0 10 z'o t[h] Price of medium reduced in 60%

Yield 69%
Specific productivity 1.3 g/l/h ]

Is biorefinery a solution?
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Biorefinery Refinery

Unique feedstock
Unique approach.
High density of the feedstock
Sity Total amount of material is
most materials used
« Difficult to use all
components of the material
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http:/ /www.energybe.calprofiles/oil. html

Sugar beet biorefinery

2 3 Faraday Discuss., 207,202, 415431

Macroalgae Biomass

Green algae
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Next generation biorefinery
from steel off gases mixture

http:/ /wwwi.steelanol.eu/en
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