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Farmed  animals : 1.5 bn cattle, 1 bn pigs, 19 bn chicken

Slaughtered  per year : 69 bn chicken , 1.5 bn pigs, 302 million cattle

WEF, 2019; Our  World in Data, 2023

Pets  in the world:  470 million dogs, 370 million pet cats.

https://www.statista.com
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Food System Sustainability needs a holistic view
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PROCESS

S-PRO2

structure-property

functions

Multi

Scale

(1) Affordable Nutrition

(2) Consumer focused

organoleptic properties

(3) Improved three dimensional 

sustainability performance

S-PRO2 model from Windhab; adapted and modified

(1) Targeted (multiphase) structure

in different scales 

(nano, micro, meso, macro)

(2) Materials with targeted 

techno- and biofunctionalities

Which is the structure providing 

the target properties & which is 

the process to generate such 

structure

Reverse engineering approach
Structure-Process-Properties S-PRO2 relationships
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Prices and nutritional composition of ~2600 substitute products + ~7500 benchmark 
products in EU supermarkets. In Germany price parity has been reached

Benchmarks (BM) 

Substitutes (SUB)

Price ranges of meat and milk products:

DE=Germany

New Seafood Substitutes

from our StartUp
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Holistic protein determination in single cells such as microalgae 
Consider new nitrogen-to-protein conversion factors and non-protein nitrogen  

Sägesser, Kallfelz, Boulos, Hammer, Böcker, Portmann, Nyström & Mathys (2023). Bioresource Technology, 129849.
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Bioaccessibility, bioavailability, and bioactivity assessment of nutrients-
running cooperation with ETH Zurich Nutrition R&D

Gao et al, 2023. Collaboration with ETH Nutrition groups via Dr. Dr. F. Gao with Prof. F. von Meyenn, Prof. M. Zimmermann 
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Single Cells

Novel

Resources

Primary 

Production
Gentle Release Functional

Ingredients
Structure+Safety Consumption

Biological 

Response

Bioreactors Proteins & Lipids Quality Foods

Structure -Process

Properties Interactions

Disintegration

Emerging processing

(Structuring/Disintegration/Safety)

Processing Nutritive Foods

Cooperation

with nutrition, medicine, 

and consumer science 

Multi Indicator Sustainability Assessment - Method Development and Case Studies 

Microbial Ecosystem 

Control & Boost

Our value chain approach at the ETH Sustainable Food Processing Lab
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Food Processing Groups
Opportunities for emerging protein processing

thermal mechanical
electro-

magnetic
biotechnological chemical

Food Processing Groups & Combinations

Emerging Technologies for Optimizing Protein Production
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Food Processing Groups-
Emerging electro-magnetic Pulsed Electric Fields 

electro-

magnetic

Food Processing Groups & Combinations

Emerging Technologies for Optimizing Protein Production
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Increased cell proliferation by nanosecond Pulsed Electric Field PEF
1st commercial system worldwide based on ETH Zurich R&D

www. sec.ethz.ch Buchmann & Mathys (2019). Frontiers in Bioengineering and Biotechnology, vol. 7, pp. 1ï7.

Haberkorn, Buchmann, Hiestand & Mathys (2019). Bioresource Technology, vol. 293, pp. 122029. 

Haberkorn, Siegenthaler, Buchmann, Neutsch & Mathys (2021). Biotechnology Advances. 53, pp. 107780

Recent results >20%
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Pulsed Electric Field PEF-based process innovation supporting more efficient 
and affordable production

Buchmann & Mathys (2019). Frontiers in Bioengineering and Biotechnology, vol. 7, pp. 1ï7.

Buchmann, Bloch & Mathys (2018). Bioresource Technology, vol. 265, pp. 268-274.

Buchmann, Frey, Gusbeth, Ravaynia & Mathys (2019). Bioresource Technology, vol. 271, pp. 402ï408.

Haberkorn, Buchmann, Hiestand & Mathys (2019). Bioresource Technology, vol. 293, pp. 122029. 

Haberkorn, Buchmann, Häusermann & Mathys (2020). Bioresource Technology, vol. 319, pp. 124173.

Haberkorn, Siegenthaler, Buchmann, Neutsch & Mathys (2021). Biotechnology Advances. 53, pp. 107780

Perez, Azzari, Koller, Haberkorn, Fischer & Mathys (2024) Journal of Food Engineering, pp. 112427

Perez, Zermatten, Haberkorn & Mathys (2024). Bioresource Technology, vol. 407, pp. 131099

Perez*, Li*, Haberkorn, Dumpler, Mathys* & Desmond* (2025) Algal Research, pp. 104015

Recent results ~40%Recent results >20%
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Pulsed Electric Field PEF-based process innovation supporting more efficient 
and affordable production- recent R&D outcomes
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Food Processing Groups
Emerging chemical based Natural Deep Eutectic Solvents purification

chemical

Food Processing Groups & Combinations

Emerging Technologies for Optimizing Protein Production
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Dumpler, McMackin, Herren, Itschner, Szász & Mathys (2024)

Refining of pea and rapeseed protein using Natural Deep Eutectic Solvents
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Dumpler, McMackin, Herren, Itschner, Szász & Mathys (2024)

Refining of protein using Natural Deep Eutectic Solvents NADES
Dehulling and NADES extraction of yellow pea
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Food Processing Groups
Emerging mechanical/thermal based extrusion and structurization

thermal mechanical

Food Processing Groups & Combinations

Emerging Technologies for Optimizing Protein Production
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Zink, Zeneli & Windhab (2023), Current Research in Food Science 7,100580

Micro-foaming of plant protein based meat analogues for tailored textural 
properties
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Caporgno*, Böcker*, Müssner, Stirnemann, Haberkorn, Adelmann, Handschin, Windhab & Mathys (2020). Innovative Food Science and Emerging Technologies, vol. 59, pp. 102275

Sägesser, Kallfelz, Boulos, Dumpler, Böcker, Mair, Nyström & Mathys (2024). Food Hydrocolloids, pp.110290  

Recommended daily intake (RDI) of the selected vitamins in 100 g of 

unprocessed microalgae (MA) powder, extrudate with 50% MADW before and 

after extrusion, and soy protein concentrate powder according to FDA (2016). 

High moisture extrusion to produce 1st bright microalgae-based meat analogs 
worldwide, with increase of nutritional value and more micronutrients

50%
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Emerging high moisture extrusion of hybrid plant/single cell-based meat 
substitutes with increase of nutritional value and more micronutrients
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Targeted Implementation in Singapore via NRF supported CREATE Project
Urban Single-Cell Protein Production

Structure-Process-

Property Interactions

Heterotrophic 

Microalgae 

Cultivation

PEF-based Process 

Innovation

Side-Stream 

Valorization

Emerging 

Processing

Consumer-Centric 

Evaluation

Reverse Engineering (Structure -Process -Property Approach S -Pro2)

Urban Microalgae  Protein Production Food Concept Development

Tofu

Theme 1 Theme 2 Theme 3 Theme 4

E A
ffo

rd
a

b
le

 N
u
tritio

n
?



Alexander Mathys 23 | 23

Thank you very much- ETH-SEC Sustainable Food Processing Lab


