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Focus areas of Sustainable Food Processing: Food Safety, Novel Proteins, LCSA 

     Focus 1 

• Algae protein 

• Insect protein 
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Focus 3 
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Food Safety 

Novel Proteins 

Nutritional Life Cycle Assessment • Aligned with focus 1 & 2 

• Method development 

 

• Bacterial spore control 

• Multi hurdle technologies 
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Agenda of the presentation & objectives 
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Translation 

Benefits 

 Optimal lab-scale tool for thermal inactivation studies 60-160°C 

 Multi-applicable micro process line for pasteurization or sterilization 

 Continuous lab-scale equipment with standard connections for pilot 
scale modules  easier Up-scaling 

 Less sample volume necessary 

 Mobile and flexible 

from Micro to Pilot and Industrial 

Micro line at ETH (1 L/h) Industrial line  (20’000 L/h) 
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Pasteurization in micro and pilot scale-Different heat and mass transfers 
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Up-scaling in thermal preservation via micro process engineering approaches 

(Mathys 2010; Georget, Sauvageat, Burbidge & Mathys 2013; Mathys 2016; Nestlé PTC Singen Support) 
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Electroporation- Pulsed electric field processing for multi product applications 

(DIL, 2012; Elea mbH, 2014) 

Mathematical background 

𝑊𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 =
𝑊𝑝𝑢𝑙𝑠𝑒 ∙ 𝑓
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Results of trials when treating the raw milk with 12 kV/cm and 244 kJ/kg; start temperature 30 °C, pulse duration 20 μs, 

colinear treatment chamber (diameter= 10 mm, torpedo), 2 bar counter pressure, no intermediate cooling  

Pulsed electric field processing for healthy and high quality milk 

(Mathys, Töpfl, Siemer,  Favre, Benyacoup & Hansen, 2013) 
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Inactivation 

 Swelling 

 Disintegration 
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 Unfolding 

Ultra high pressure up to 1000 MPa - effects on biomaterials 



Alexander Mathys  |  ETH Zurich 9 | 23 

New mobile high pressure research unit up to 900 MPa at ETH Zurich 

New high pressure unit at ETH: 

• Double HPP vessels, a 6 ml 

• Complete T profile 

without injecting in sample 

• Pressure range 0-9000 bar 

• Temperature -40°C-150°C 

• Mobile system (fits in a car) 

(Unit modification by Prof. Mathys, ETH Zurich 2016) 
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Dynamic spore germination during alternative pressure preservation 

@150 MPa 

Holding time @150 MPa & 20ºC 

Killed Germinated Dormant 

(Setlow 2003, Mathys 2008) 

Spore germination as key step for innovative preservation 

Dormant 

Germination analysis performed by flow cytometry & FIB-SEM imaging 

Killed 

Germinated 

@150 MPa 

Outgrowth 

Unknown 

? 

(Mathys et al. 2007; Reineke , Mathys et al. 2011) 

(Mathys 2008;  Mathys  2010; Mathys 2016) 
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Killing @ 80ºC 

Killing @ 140ºC 

Bacterial spore life cycle- Mechanistic research based on flow cytometry, FIB-SEM and modelling 

http://www.google.de/imgres?imgurl=http://www.emc-net.eu/Elektronik/blitz2.jpg&imgrefurl=http://www.emc-net.eu/Elektronik/Grundlagen/Spannungsteiler/spannungsteiler.html&usg=__ozigm6wV3LeC8Vl_s1lDCv56EO0=&h=360&w=240&sz=25&hl=en&start=7&zoom=1&um=1&itbs=1&tbnid=P9MeafS-CqjerM:&tbnh=121&tbnw=81&prev=/search?q=blitz+zeichen&um=1&hl=en&safe=active&biw=1659&bih=904&tbm=isch&ei=F73wTfemDczsOZu9yfgC
http://www.google.de/imgres?imgurl=http://www.emc-net.eu/Elektronik/blitz2.jpg&imgrefurl=http://www.emc-net.eu/Elektronik/Grundlagen/Spannungsteiler/spannungsteiler.html&usg=__ozigm6wV3LeC8Vl_s1lDCv56EO0=&h=360&w=240&sz=25&hl=en&start=7&zoom=1&um=1&itbs=1&tbnid=P9MeafS-CqjerM:&tbnh=121&tbnw=81&prev=/search?q=blitz+zeichen&um=1&hl=en&safe=active&biw=1659&bih=904&tbm=isch&ei=F73wTfemDczsOZu9yfgC
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Killing @ 80ºC 

Killing @ 140ºC 

Bacterial spore germination and inactivation 
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Can we benefit from the combination of high pressure (HP), high temperatures (HT), shear forces and cavitation 

to disintegrate the product and inactivate bacterial spores in one step via a continuous process? 

Processed medium 

Flow direction 

Drawings from Stansted Fluid Power Ltd. Essex, UK 

(2005)  
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(Adapted  from  Donsì, F., Ferrari, G. & Maresca, P., (2009). High-pressure 

homogenization for food sanitization.) Stansted, Modell FPG 11300:350  

Physical  technique combinations- Conversion and stabilization in time with minimal foot print 

Continuous ultra high pressure homogenization UHPH up to 380 MPa and ultra high temperatures  

(Georget, Miller, Callanan, Heinz and Mathys, 2014) 



Alexander Mathys  |  ETH Zurich 14 | 23 



Alexander Mathys  |  ETH Zurich 15 | 23 



Alexander Mathys  |  ETH Zurich 16 | 23 

An integrated biorefinery approach by using algae and insects 

(Mathys, Smetana & Mathys, 2014) 
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(Smetana & Mathys, 2013) 

Life Cycle Sustainability Assessment LCSA 
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(Smetana, Mathys, Knoch and Heinz, 2015)  

LCA of meat and meat substitutes, 1 kg of ready to eat product, from cradle to plate 
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Conclusion 
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alexander.mathys@hest.ethz.ch 

www.sfp.ethz.ch 
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Open Positions: 

• PostDoc on  Advanced Life Cycle Assessment  combined  Food Process Development 

• Ph.D. Student on Nutritional combined Life Cycle Assessment  
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