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Research question 

•How do the wheat gluten protein structure steer the 
functionality? 
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Plant protein structure is a key for function   
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Plant protein systems 
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Synchrotron light: SAXS and WAXS 

Light 
(monochromatic beam) 

 
High X-ray flux 

(highest 1012 ph/s)  

2 Ɵ  

Detector 

SAXS: 1 micron to 1 nm - Molecules 

WAXS: 10 nm to 0.1 nm - Atoms 

Food and Non-Food 



X-rays to monitor gluten protein nano-structure 

WGG+NH4OH+SA  

Hexagonal structure,  a = 70 Å 

a 

Kuktaite et al. 2011. 

The strongest, patented WG + additive material =  
unique supramolecular structure! 

Example 1 

1: 3 : 4  

𝑎 =
4𝜋   

3 𝑞1
 



Why the protein structure for design of functionality? 

Young’s 
modulus (MPa) 

Max stress 
(MPa) 

Strain at max 
stress (%) 
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control WGG+NH4OH+SA 

alfa-helix 

Hydrogen bond 
 

 
 
 
 
 
4.45 Å 
 
 
1 Å 

Beta sheet H-cluster 

Kuktaite et al. 2011 

beta-sheets 
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Figure 6 
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WG processing: nano-structure and mechanical properties 

Rasheed et al. 2016 

q = 4π/λ sin(θ), where 2θ is the scattering angle  

a 

Hexagonal 

Lamellar 



Composites: a “new” approach to explore new 
functional properties 

• Materials made from few constituents with different physical or chemical properties. 

Wheat gluten + potato protein by FT-IR 

Muneer et al. unpublished 
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Example 3 



Composites from novel potato starch and wheat 
proteins  

Example 4 

Muneer et al. 2015 and Muneer et al. 2016 

CRISPR-Cas9 

Protein Starch 

Extrusion processing 



Gliadin-potato starch nano-structure 

Glia protein keeps  
a hierarchical 

structure 

Muneer et al. 2016 

Glia protein 

Glia protein-starch composite  
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Gliadin nano-
fibers  
by 
electrospinning 
and extrusion 
melting 

Example 5 



Food: Gliadin snack macro-structure 

= 

 No enzyme Enzyme treated 

Ceresino et al. (unpublished results)  

Example 6 
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Non-Food: Molecular motions Glia/Glu processed 
films by 13C Solid State and 1H Time-Domain NMR 

Andrade et al. 2018. Journal of 
Polymer Science, Part B: Polymer 
Physics  

Example 7 



Gliadin and glutenin molecular dynamics 



Conclusions and future prospects 

• WG proteins are THE sustainable alternative. 

 

• Protein structure-function understanding will offer improved 
bio-products. 

 

• The new techniques bring a novel approach to explore 
protein food and bio-based materials. 

 

• Addressing sustainability, lower consumption of meat etc., 
wheat protein can become even more attractive source 
(caution: for celiac people) for innovative food and bio-based 
plastics – benefits to society and the planet. 

 

 

3D printed protein 
materials 



Acknowledgements 

• Colleagues from the Plant Product Quality group  

• PhD students: Faraz Muneer and Elaine Anderssen  

• PostDocs: Bill Newson, Faiza Rasheed; Prof. Eva Johansson & Marisa 

• Colleagues at the Department of Plant Breeding 

• Horizon 2020, Partnerskap Alnarp, TC4F and FORMAS 



•Reality leaves a lot to the imagination (John Lennon) 
....and to act 

Thank you for your attention! 


