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Scaling up new extraction technologies:

high-value protein extracts from industrial residues
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PROTEINS per capita range of 45 to 60 g per day the requirement spans 

about 133 to 177 million ton/year

PROTEINS FOR HUMAN CONSUMPTION

PROTEINS FOR MATERIALS

Global soybean production c.ca 350 million metric tonnes in 2022

The gelatin production c.ca 470,000 ton/year gives a concrete volume for a protein‐derived 

polymeric material

Total protein meals about 366 million ton/year

PROTEINS FOR ANIMALS FEEDING
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Wheat

Fava Bean

RiceYellow Pea

Broken/split beans (defect tolerance):

typical limits are about 2-4 % for top grades and up to 8 % for lower grades

Soy

LentilsHemp Chickpea

INDUSTRIAL PROTEIN SOURCES



TRADITION TECHNOLOGY?



SOCIETAL BARRIERS

… the bottleneck
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Food Upward 

Technologies
SEMI-INDUSTRIAL APPLICATIONS



ROW MATERIAL
BYPRODUCTS 

PRETREATMENTS
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MECHANOCHEMICAL

TREATMENTS



Solid / Solid Separation



Solid / Solid Separation

wheat bran whole wheat flour



Cocoa Bean Shell 

CYCLONS AND 

VIBRATING SIEVERS
GRINDING



CYCLONS AND 

OSCILLATING SCREENS

ENRICHED FRACTIONS

GRINDING

FLOW MODE

EXTRACTION

FLOW MODE EXTRACTION 

SOLID / LIQUID / LIQUID

SEPARATION

FILTRATION

CONCENTRATION

(50 L)

ANALYSIS



PROTEIN
DELIPIDATION
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COLD PRESS EXTRACTION

HEMP SEEDS
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PROTEIN CONTENT

HEMPSEEDS 20–25%

HEMPSEED CAKE  35–50%

DEHULLED SEED 30–40%

Methionine, phenylalanine, arginine, glutamic acid, leucine, 
isoleucine, valine, threonine, histidine, lysine, cysteine

Tryptophan in little concentration (0.22 g/100 g) 

AMINO ACIDS PROFILE

Hempseed protein mainly consist in globulins and albumins (60–80%) 

Higher digestibility (61%) when compared to lentil (52%) or whole wheat (40%) 
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SEEDS OILS

CURRENT INDUSTRIAL PRODUCTION
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Sc-CO2 and 
liquefied gases
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LIQUID BUTANE EXTRACTION



Solvay 18. 08. 2021 25



0. n-butane bottle;   1. valve;   2. manometer;   3. safety valve;   4. solvent storage tank; 

5, double jacketed stainless extractor;  6. thermometer; 7. double jacketed stainless evaporator; 

8. stainless condenser; 9. Heated bath circulator; 10, Cooling bath circulator
26

LIQUID BUTANE EXTRACTION

NECTACEL®
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SEMI-INDUSTRIAL

ULTRASOUND SC-CO2



ULTRASOUND-
ASSISTED EXTRACTION
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ACOUSTIC CAVITATION
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ULTRASOUND-ASSISTED EXTRACTION
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CONTINUOUS 
FLOW 

ULTRASOUND
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ULTRASONIC FLOW REACTOR

TWO MODULES - 3 KW - 25 kHz 
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Milk Protein Polymer





HIGH-SHEAR 
HOMOGENIZER

HYDRODYNAMIC 
CAVITATION UNITS
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HIGH-SHEAR HOMOGENIZERS 
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ROTOR-STATOR HYDRODYNAMIC CAVITATION 
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ROTOR-STATOR UNIT FOR 

HYDRODYNAMIC CAVITATION 



ROTOR-STATOR UNIT FOR HYDRODYNAMIC CAVITATION 



FLOW MODE 

1 m³/h
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HYDRODYNAMIC 

CAVITATION

+

ULTRASOUND



COUNTER - CURRENT

ROTOR / STATOR 

HYDRODYNAMIC CAVITATION 



A multirotor-multistator configuration 
where one or more discs of suitable 

geometry alternate each other connected to 
a motor shaft which rotating inside a 

confined chamber, generate high friction 
with the fluid with which they come into 

contact and therefore creating cavitation.  
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COUNTER – CURRENT HYDRODYNAMIC CAVITATION 
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FLOW-TURBINE TECHNOLOGY
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FLOW-TURBINE TECHNOLOGY



Grape Pomace & Seeds
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Proteins extraction in crushed grape seeds 

Milling process:
• Increases surface area

• Improves extraction yield

• Enhances mass transfer



25 kHz 80-120 kHz

From batch 
to flow-
reactors



Ultrasound flow-reactors
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ULTRASONIC FLOW REACTOR

TWO MODULES - 3 KW - 25 kHz 



Foto
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Pilot-scale precipitation of proteins at different pH



Raw Proteins Freeze-dried Extract 

DOI 10.1002/jsfa.13395



Raw proteins for wine clarification

RAW PROTEINS 



PURIFIED PROTEINS



PULSED ELECTRIC 
FIELDS
- PEF -

73



Antioxidants 2021, 10, 417

PULSED ELECTRIC FIELDS  ( PEF )

Non-thermal technology for cell wall 
electroporation.

The working principle of PEF is based on 
the application of pulses of high voltage 

(typically above 20 kV/cm up to 70 kV/cm) 
to liquid foods placed between two 

electrodes. 



a: Generator.

b: Double co-field flow chamber (where the high-voltage 

pulses change into applied electric fields to the processed 

material).

PULSED ELECTRIC FIELDS  ( PEF )
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INDUSTRIAL PEF 

2.0 kV/cm
5.1 kJ/kg
1.5 kW
30 µsec; 17Hz
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SUBCRITICAL 
WATER

EXTRACTION
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HIGHER POWER DENSITY: 1.5 kW / 1 L

HIGH TEMPERATURE:  300 °C

HIGH PRESSURE:  200 bar  (3 gas inlets)

FAST HEATING & COOLING (chiller)
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PRESSURE-RESISTANT MICROWAVE CAVITY   “subcritical H2O”
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DEIONIZED 

WATER TANK

HEAT 

EXCHANGER

UNITS

WATER TANK 

150°C EXTRACTOR 2 EXTRACTOR 1

CIRCULATING 

PUMP
TRANSFER 

VALVE

SUBCRITICAL 

WATER 

EXTRACTION
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EXTRACTION IN SUBCRITICAL WATER

C2FUT
Food Upward 
Technologies
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EXTRACTION
DOWNSTREAM
PURIFICATION

DRYING  
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SOLID/LIQUID SEPARATION F2000 DECANTER
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BAG FILTER   SKID 

RESIN SEPARATION  
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Ultra- micro- and nano- filtration



Ultra- micro- and nano- filtration
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SPRAY DRYERS



Scaling up new extraction technologies:

high-value protein extracts from 
industrial residues


