
Proteins for Food,  
Feed and Biobased 

Applications 
  Biorefining of protein  

 containing biomass 









1. Introduction 

Background 

Figure 1. Schematic representation Circular BioEconomy (IEA Bioenergy Task42, 2015)



Problem definition 

Objective 

Report set-up 





2.Protein containing sources 



Figure 2. Production (million tons) of protein containing crops 



Table 1. Prices of protein crops for food (2011) 

Protein product Price [€/kg] 



Table 2. Protein sources classified according their protein content 
 Examples State of the art 





3.Proteins for food 

Table 3. Typical protein contents of major cereals, legumes, oil-seeds and vegetable sources 
(Day, 2013) 

Protein source Protein 
content 
[wt%] 

Other constituents [wt%] 

SOURCES PLANT-BASED PROTEINS  

Oilseed proteins 



Cereal proteins 

Legumes 

Leaf proteins 

“ New” sources 

Spirulina Chlorella

PROTEIN REQUIREMENTS 

Nutritional value and digestibility 





Table 4. Protein Digestibility Corrected Amino Acid Score (PDCAAS) values of individual plant 
proteins and examples when combined, compared with selected animal proteins (WHO/FAO, 1991) 

(Day, 2013) 

Protein PDCAAS value 

Examples of combined plant proteins 



Amino acid compositions of some typical plant-based proteins 

Table 5.  Amino acid composition (mg/g protein) of plant proteins from various cereal grains, 
legumes and oilseeds (Food and Agriculture Organisation, www.fao.org),  (Day, 2013) 

Amino acid composition [mg/g protein] of plant proteins from various cereal grains, 
legumes and oilseeds in relation to the adult indispensable amino acid requirements 

(WHO/FAO 2007) 
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APPLICTIONS AND MARKETS OF ISOLATED “ PURE”  PROTEINS 

Solubility 

Emulsification 



Foaming 

Gel forming 

COMMERCIALLY AVAILABLE “PURE” PROTEINS 



Table 6. Prices [€/kg] of isolated protein 

Vegetable proteins Animal derived proteins 

Table 7.  Worldwide use of isolated proteins in human nutrition 

Type of protein Amount [ktonne] 

 



PRODUCTION PROCESSES 

  
 

Soy protein 

Figure 3. Process scheme production soy beans 



Wheat gluten 

 

Figure 4. Flow chart of a type of gluten/starch separation and production process 

Pea proteins 



 

Figure 5. Preparation of a pea protein isolation, commercial operation,                                       
adapted from data provided for Nutralys® pea protein (Roquette, 2010) 

 

Potato and corn proteins 

MARKET TRENDS OF APPLICATIONS IN FOOD PRODUCTS 



Figure 6.  Number of newly launched products (worldwide) containing plant-based proteins in 
2014 (Innova Database, 2015) 

Figure 7. Growth in the use of pea proteins in newly launched food products (2010 -  2014) 
(Innova - Food and Beverage Innovation, 2015) 



CHALLENGES 

Solubility 



Table 8. Osborne fractions of plant storage proteins 

 

Table 9. Approximate distribution of the different classes of proteins from different plant sources, 
according to the Osborne classification (Osborne, 1924; Shewry & Casey, 1999) 

Allergenicity of proteins 





4.Protein products for compound feed 

PROTEIN CONTAINING CROPS USED IN FEED 

Figure 9. The European and global feed production from 2005 till 2012 (Fefac, 2013) 

Oil seeds 



Table 10. Main protein containing crops used in feed and potentially new protein sources 

Category Protein source 

Grain legumes 

Vicia faba

Vicia faba
Vicia faba

Cereals and pseudo cereals 



Leafs 

Forage legumes 

Aquatic biomass 



Insects 

Single cell proteins 

PRODUCTION AREA AND YIELD OF PROTEIN CONTAINING CROPS

Figure 10. Production yield of soybeans in Europa (source: Soy barometer 2014) 



Table 11. Production areas and production yield in the Netherlands and in Europe for the different 
protein containing crops (Van Krimpen et al., 2013) 

 

Area 
production 

in NL 

(ha x1000) 

Area 
production 

in EU 

(ha x1000) 

Yield in NL 

 

(tx1000) 

Yield in EU 

 

(tx1000) 



Table 12. Protein content, yield and protein yield of various protein sources                           
(Van Krimpen et al., 2013) 

 

Protein 
content 

[wt%] 

Possible yield EU 

[tons ds/ha/y] 

Possible 
protein yield 

[tons/ha/y] 



PRICES OF PROTEIN CONTAINING CROPS 

Figure11. Price development of soybeans from 2010 till 2015 
(www.indexmundi.com/commodities) 

Figure 12. Price development of soybeans compared to wheat from 2010 till 2015 
(www.indexmundi.com/commodities) 



Table 13. Delivered price [€/kg] of various protein sources from July 2014 till June 2015 
(www.voederwaarderprijzen.nl) 

Protein source Price [€/kg] 

USE OF AMINO ACIDS 



BOTTLENECKS IN USING PROTEIN CONTAINING CROPS IN FEED 

Anti-nutritional factors 



Table 14. Anti-nutritional factors in field bean, lupine, pea and quinoa (Helsper et al., 2006) 

Crop species Field bean Lupine Pea Quinoa 

 



Cultivation 



Legislation and costs 





5.Proteins in biobased applications 

PROTEINS USED IN BIO-BASED APPLICATIIONS – REQUIREMENTS 



Table 15. Technical applications of industrial proteins 

Product Protein Example Functionality 



SUSTAINABLE PROTEIN SUPPLY 

CURRENT BIO-BASED APPLICATIONS 

ASPECTS FOR FUTURE BIO-BASED APPLICATIONS 



Table 16.  Non-food applications of proteins (partly, according to Eurostat) 

Product Remark Amount [ktonne] 



BIOREFINING AND PROTEIN BASED RESEARCH TOPICS 





6.Biorefining of protein containing biomass 

OIL CROPS 

Figure 13. Conventional oil crop refinery [Wageningen UR] 



Table 17. Total worldwide and European production of protein-rich press cakes                   
[Million tonnes, source OilWorld] 

Meal World production European production 



Figure 14. Advanced oil crop refinery [Wageningen UR] 

STARCH CROPS 



Figure 15. Conventional starch crop refineries  [Wageningen UR] 



Figure 16. Advanced potato refinery process (Solanic) producing                                            
proteins for food applications  [Wageningen UR] 



Figure 17. Refinery process for zein, bioethanol, power and minerals                                           
from corn [Wageningen UR/Byosis] 

HERBACEOUS BIOMASS 



Figure 18. Herbaceous biomass refinery scheme  [Wageningen UR] 

AQUATIC BIOMASS 

Figure 19. Aquatic biomass refinery scheme  [Wageningen UR] 



DRIED DISTILLERS GRAINS WITH SOLUBLES (DDGS) 



BIOEFINERY FACT SHEETS (BFSs) 

BFS1 – Two-platform (C6 sugar, DGS) biorefinery producing bioethanol, feed, 
amino acids, phosphate and electricity from starch crops 
 
Part A: Biorefinery plant 

 

 
Figure 20. Two-platform (C6 sugar, DGS) biorefinery producing bioethanol, feed, amino acids, 

phosphate and electricity from starch crops (IEA Bioenergy Task42) 



Table 18. Key characteristics biorefinery plant 

 
 

 
Figure 21. Annual mass and energy balance of biorefinery plant; Share of costs and revenues of 

biorefinery plant
 

y y p



Figure 22. Comparison biorefinery with conventional reference-system on full value chain       
(incl. “end of life treatment”) 

 
Table 19. Key characteristics biorefinery value chain

Part B: Full Value Chain Sustainability Assessment 



 
Figure 23. Annual GHG emission, cumulated primary energy demand, cost and revenues of the 

full value chain 
 
 
BFS2 – Two-platform (biogas, electricity & heat) biorefinery producing protein, 
fertilizer, electricity from pasture & verge grass 
 
Part A: Biorefinery plant 

 
 

Figure 24. 

y p



Table 20. Key characteristics biorefinery plant 

Figure 25. Annual mass and energy balance of biorefinery plant; Share of costs and revenues of 
biorefinery plant



Part B: Full Value Chain Sustainability Assessment 

 
Figure 26. Comparison biorefinery with conventional reference-system on full value chain       

(incl. “end of life treatment”)

Table 21. Key characteristics biorefinery value chain

y



Figure 27. Annual GHG emission, cumulated primary energy demand, cost and revenues of the 
full value chain 
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Annex 1. The twenty alpha amino acids that occur 
in proteins 

Name Abbreviation R Isoelectric point
(pI)

Apolar side chain

Glycine Gly 5.97

Alanine Ala 6.00

Valine Val 5.96

Leucine Leu 5.98

Isoleucine Ile 6.02

Phenylalanine Phe 5.48

Tryptophan Trp 5.89

Proline Pro 6.30

(whole structure)
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I
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W

P



Serine Ser 5.68

Threonine Thr 5.64

Tyrosine Tyr 5.66

Glutamic acid Glu 3.22

Side chains with a hydroxyl group

Side chains with a carboxyl group

Aspartic acid Asp 2.77

Glutamine Gln 5.65

Side chains with an amide group

Asparagine Asn 5.41

Histidine His 7.59

Side chains with a basic group

Lysine Lys 9.74

Arginine Arg 10.76

Methionine Met 5.74

Side chains with a sulfur containing group

Cysteine Cys 5.07

S

T

Y

D

E

N

Q

K

H

R

C

M



Annex 2. The structure of proteins 

Primary structure:
sequence of amino acids in the chain

Secondary structure:
the fold of the polypeptide chain which is maintained by
the hydrogen bonds between the amide groups

Tertiary structure:
the fold of the individual secondary structures in 3D,
mainly maintained by interactions between the
amino acid side chains

Quaternary structure:
the 3D-structure of several polypeptide chains
(and nonproteinaceous parts)



Secondary structure 

Trans orientation of the chain around the peptide bond



Example of a secondary structure 

the antiparallel -sheet structure



Example of tertiary structure  

Example of quaternary structure 
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