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Brewer’s Spent Grain

Brewer’s spent grain is the remaining solid fraction after lautering. It consists 
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of all BSG produced is sold at a market price of 35 €/t
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Brewer’s Spent Yeast

Brewer’s spent yeast is the yeast fraction not used for further beer fermentations. The cells are 
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Graphical representation of a brewer’s spent yeast cell and its organelles.
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or Sigma Aldrich (Steinheim, Germany) in a purity ≥ 98%. The gel used for electrophoresis of 

Brewer’s spent yeast was produced in 

Brewer’s spent grain was produced in the same 1 h  
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ݑܰ = 0.354 ∙ 𝑅𝑒0.714 ∙ 0.26ݎܲ

Temperature [°C] Solid-liquid ratio [w/v] Reaction time [min]
190 0.05 20
180 0.125 15
170 0.1 10
160 0.1 10

Temperature [°C] Solid-liquid ratio [w/v] Reaction time [min]
185 0.05 5
180 0.05 5
180 0.05 10
170 0.05 20
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stress strain curves, the Young’s modulus was determined as the slope of the linear portion of 

௒ܧ = ߝߪ
representing the Young’s modulus [  a], σ ε

௧ܧ = ߳݀ߪ݀
σ
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brewer’s spent grain and brewer’s spent yeast are summarized in the following chapters. Firs

Characterization of Brewer’s Spent Grain



Brewer’s spent grain

– Residual starch, if present, is contained in the sum parameter “others” 

ompositional profile of brewer’s spent grain.



Characterization of Brewer’s Spent Yeast





Compositional profile of brewer’s spent yeast.

summarized under the term “Other” are assumed to comprise mostly β
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Brewer’s Spent Yeast

Brewer’s spent yeast has been proposed for the production of peptide
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been previously published in the journal Foods by  D I under the title “From 
 aste to Value: Extraction of  rotease Enzymes from Brewer’s Spent Yeast” by 
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vary depending on the yeast’s metabolic state at harvest and differences between yeast 
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௉ݔ = 0.7977 + ܣ0.0543 − ܤ0.2119 − ܥ0.014 + ܦ0.0208 + ܤܣ0.0852 + ܥܣ0.0111 −0.0834AD − 0.0354BC − 0.0124BD + 0.0388CD − 0.0988A2 −0.2093B2 + 0.0962C2 − 2ܦ0.0175

















ுܻ = 0.4412 + ܣ0.0161 − ܤ0.0789 − ܥ0.0255 − ܤܣ0.551 − ܥܣ0.1871 +0.0655BC − 0.2215A2 + 0.0776B2 − 0.0113C2









BSG 0 min HS 2090 4422 6828
BSG 2 min HS 1274 4530 5233
BSG 5 min HS 668 1570 4018
BSG 10 min HS 415 1203 2768
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and supporting the model’s robustness and predictive capability. 
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extruder manufacturer’s

elastic deformation behavior according to Hooke’s law does not differ. The yield strength is 



ummarizes the parameters Young’s
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The Young’s modulus results show clearly, that the printing direction is the deciding factor on 
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Valorization approaches for brewer’s spent grain and brewer’s spent yeast have been intensely 
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Brewer’s Spent Yeast  Valorization as  ydrolytic E tract



Hielscher Ultrasonics GmbH (Teltow, Germany) or IncBio’s ultrasonic reactor ( aia,  ortugal).





Brewer’s Spent Grain  Valorization Through  ractionation 
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Response  redicted 
 ean

 redicted 
 edian Std  ev SE  red 9 %  I 

low
 ata 
 ean

9 %  I 
high

XOS Concentration 
[g/ ] 2.64072 2.64072 1.18929 1.43734 -0.61076 3.59052 5.8922

AOS Concentration 
[g/ ] 0.94884 0.94884 0.487113 0.549584 -0.24860 0.46813 2.14628

Combined Yield 0.482781 0.482781 0.0957778 0.115754 0.220927 0.65453 0.744636

Response  redicted 
 ean

 redicted 
 edian Std  ev SE  red 9 %  I 

low
 ata 
 ean

9 %  I 
high

XOS Concentration 
[g/ ] 4.92166 4.92166 1.18929 1.27876 2.02891 7.37671 7.81441

AOS Concentration 
[g/ ] 1.72404 1.72404 0.487113 0.505667 0.622287 2.00481 2.8258

Combined Yield 0.421171 0.421171 0.0957778 0.102983 0.188207 0.610495 0.654136

Response  redicted 
 ean

 redicted 
 edian Std  ev SE  red 9 %  I 

low
 ata 
 ean

9 %  I 
high

XOS Concentration 
[g/ ] 3.02929 3.02929 1.18929 1.28601 0.120123 0.629902 5.93846

AOS Concentration 
[g/ ] 1.54806 1.54806 0.487113 0.513308 0.429662 1.29406 2.66647

Combined Yield 0.340942 0.340942 0.0957778 0.103568 0.106656 0.155229 0.575229

Response  redicted 
 ean

 redicted 
 edian Std  ev SE  red 9 %  I 

low
 ata 
 ean

9 %  I 
high

XOS Concentration 
[g/ ] 0.702518 0.702518 1.18929 1.44842 -2.57402 0.880821 3.97906

AOS Concentration 
[g/ ] 1.51888 1.51888 0.487113 0.535577 0.351958 1.28038 2.6858

Combined Yield 0.12001 0.12001 0.0957778 0.116646 -0.14386 0.174345 0.383882









No. Temperature [°C] Time [h] S/E [%w/v] p 
C  
yield 
[-]

C  
yield 
[-]

Arabinose 
conc. 
[g/L]

Xylose 
conc. 
[g/L]

Glucose 
conc. 
[g/L]

1 46. 8.88 5 4.5 1 0.23 0 2 5.04
2 51 11.61 5 5.5 1 0.16 0 3 3.57
3 45 6.89 10 5.5 1 0.21 0 2 4.67
4 45 12 1 5 1 0.16 0.73 3 2.93
5 45 12 10 4.5 1 0.21 0 2 4.58
6 51 11.65 10 4.5 1 0.4 0 4 8.96
7 53 6.47 1 4.5 1 0.31 0.3 3 5.7
8 54 10.6 10 5 0 0.17 0 2 3.78
9 47 10.35 1 5.5 1 0.38 0.76 4 6.89
10 47 10.32 10 5 1 0.21 0 2 4.74
11 52 7.1 10 5.5 1 0.25 0.03 3 5.59
12 47 10.35 1 5.5 1 0.38 0.76 4 6.89
13 55 12 5 4.5 0 0.02 0 0 0.5
14 52 10.35 1 4.5 1 0.3 0 3 5.53
15 49 5 10 4.5 1 0.18 0.14 2 4.09
16 55 5 5 4.5 1 0.21 0 2 4.67
17 53 11.86 10 5.5 0 0.06 0.54 1 1.39
18 52 10.28 5 5 1 0.31 0.39 4 6.87
19 55 9.2 10 4.5 1 0.2 0 2 4.45
20 55 5 1 5.5 1 0.24 0 3 4.33
21 51 6.05 1 5 1 0.31 0.35 3 5.55
22 45 5 1 4.5 1 0.24 0 3 4.33
23 46 8.85 5 4.5 1 0.23 0 2 5.04
24 55 5 10 5 1 0.18 0 2 4.04
25 47 10.32 10 5 1 0.21 0 2 4.74
26 45 5 5 5 1 0.18 5 2 4.04
27 55 9.2 5 5.5 0 0.08 0 1 1.79
28 49 5 5 5.5 1 0.19 0.11 2 4.15
29 52 10.28 5 5 1 0.23 0 2 5.04
30 51 6.05 1 5 1 0.31 0.39 4 6.87
31 55 12 1 5 1 0.31 0.35 3 5.55
32 45 12 5 5.5 0 0.01 0.01 0 0.31



No. Temperature [°C] Time [h] S/E [%w/v] p 
C  
yield 
[-]

C  
yield 
[-]

Arabinose 
conc. 
[g/L]

Xylose 
conc. 
[g/L]

Glucose 
conc. 
[g/L]

1 46. 8.88 5 4.5 0.59 0.25 0 2.44 5.53
2 51 11.61 5 5.5 0.95 0.17 0 3.93 3.75
3 45 6.89 10 5.5 0.59 0.22 0 2.46 4.81
4 45 12 1 5 1 0.54 0.34 4.34 9.76
5 45 12 10 4.5 0.56 0.21 0.02 2.27 4.63
6 51 11.65 10 4.5 0.76 0.34 0 3.14 7.46
7 53 6.47 1 4.5 1 0.64 0.04 3.94 11.63
8 54 10.6 10 5 0.73 0.42 0 3.01 9.33
9 47 10.35 1 5.5 1 0.81 0.5 5.98 14.77
10 47 10.32 10 5 0.72 0.32 0.02 2.94 7.03
11 52 7.1 10 5.5 1 0.26 1.02 2.51 5.87
12 47 10.35 1 5.5 1 0.81 0.5 5.98 14.77
13 55 12 5 4.5 0.08 0.05 0.01 0.33 1.08
14 52 10.35 1 4.5 0.97 0.49 0 3.28 8.92
15 49 5 10 4.5 0.63 0.19 0.15 2.35 4.27
16 55 5 5 4.5 0.6 0.22 0 2.46 4.81
17 53 11.86 10 5.5 0.75 0.19 0.52 2.26 4.13
18 52 10.28 5 5 1 0.63 0.36 5.44 13.87
19 55 9.2 10 4.5 0.67 0.29 0 2.79 6.54
20 55 5 1 5.5 1 0.62 0 3.76 11.28
21 51 6.05 1 5 1 0.65 0.01 3.73 11.77
22 45 5 1 4.5 1 0.62 0 3.76 11.28
23 46 8.85 5 4.5 0.59 0.25 0 2.44 5.53
24 55 5 10 5 0.61 0.23 0 2.54 5.01
25 47 10.32 10 5 0.72 0.32 0.02 2.94 7.03
26 45 5 5 5 0.62 0.23 0 2.54 5.01
27 55 9.2 5 5.5 0.66 0.16 0 2.73 3.64
28 49 5 5 5.5 0.69 0.26 0.16 2.58 5.69
29 52 10.28 5 5 1 0.63 0.36 5.44 13.87
30 51 6.05 1 5 1 0.65 0.01 3.73 11.77
31 55 12 1 5 1 0.54 0.34 4.34 9.76
32 45 12 5 5.5 0.51 0.06 0 2.12 1.26
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