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Process development at DIL

Technology Examples

ELCRACK®
High Pressure Processing
Supercritical Fluid Extraction/Oxidation
Foaming and Emulsifying
Extrusion and Matrix Design

Challenges

Replacing existing technologies

Development of new processing tools: ready for industria l practice, safe, in 
compliance with regulations

To make a profit in doing so





Food Preservation

Food Preservation

physical chemical biological

Heat
· Blanching
· Pasteurisation
· Sterilisation

Cool
· Chill
· Freezing

Water removal
· Drying
· Concentration

Inhibition
· Preservatives
· Acids
· Soking
· Ethanol

aW-reduction
· Salt
· Sugar

Fermentation
· Lactic acid
· Alc. 

fermentation

Starter culturs

Enzymes

thermal mechanical electromagnetic

Pressure
· HPP

Shear
· Ultra-HP-

Homogenisation

Separation
· Sterile filtration
· Sterile 

centrifugation

Field effect
· Pulsed electric 

fields
· Pulsed magn. 

Fields
· Pulsed light
· � -Irradiation

Energy dissipation
· Infrared
· Microwave/RF
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Process design

UHTSterilisation



Process
impact

Process intensity
(T, t)

Excess process
intensity

t

T

Safety
Require

ments

Microbial Safety

Environmental
Effects

Product Quality
Nutritional Significance

Thermal Processes Limitations

Electric Resistance Heating Cooling

Direct Steam Injection

Microwave Heating Cooling

Ultrasonic Treatment Cooling

Combination Processes (MTS)

Non- Thermal Processes

Fermentation Biotransformation

Membrane Processes Liquids

High Hydrostatic Pressure Costs

High Intensity Electric aseptic filling
Field Pulses

Limitations



Heating of food material – modes of heat transfer

Erwärmung

Energieübertragung

Heating

Energy transfer

Conduction Convection Irradiation
Volumetric 

heating



Volumetric heating

Radio frequency heating
10 – 200 MHz

Microwave
915 MHz/2,45 GHz

Inductive heating
50 Hz – 10 MHz

dm

mm-cm

+

electromagnetic

cm

Volumetric Food Heating

-

Ohmic heating

Steam injection

Pressure

Pulsed
Electric Fields



Thermal Processing
Combination of temperature-time effects to eliminate a desired 
number of microorganisms

Non-thermal Processing
Ambient temperature processing
Processes where heat is not the dominant impact factor 

Advanced heating
Making use of quick heating techniques and combined 
processes



Food Food ProcessingProcessing
byby

InfraredInfrared HeatingHeating



Heraeus

Present Infrared applications in food industry



Pulsed IR Application for heat sensitive surface deconta mination

IR-Sources, 3 x 6 kW

Lab-scale prototype Lab-scale prototype



Pulsed IR Application for Surface Decontamination

Total count number and E. coli on pork skin after a IR-tr eatment

Total illumination time

Warning level

Guidance level

Detection limit



Changes in colour after IR application

dE colour distance after IR irradiation of pork rind

Total illumination timeDistinguishable for trained eye



Pulsed IR Application for Surface Decontamination

Pork rind, 100 x, 
control

Pork rind, 100 x, 
15 s illumination

Pork rind, 1000 x, 
15 s illumination

Pork rind, 1000 x, 
control



Economic Estimation

Rind surface per carcass 1,5 – 2 m²
Irradiation 2000 W, 3 cm distance
Surface area irradiated 0,015 m²
Specific power 133 kW/m2

For irradiation of a carcass 0,83 kWh are required

Total energy costs in a range of 20,34 Cent to 27,10 Cent

Comparison to thermal treatment
Gas consumption BF2 0,04 kg/s
Specific heat  14 kWh/kg  
Therm. energy 0,56 kWh/s

8,4 kWh per carcass
Energy costs 5,011 Cent/kWh 

Total energy costs of 42,09 Cent



Food Food ProcessingProcessing
byby

OhmicOhmic HeatingHeating



Ohmic heating electrode designs



Impact on of solid/liquid rate



Impact on textural properties of vegetables



Impact of slip
velocity

Impact of volume
fraction



Emmepiemme s.r.l.



Food Food ProcessingProcessing
byby

ElectricalElectrical FieldsFields



Key elements: Localized effect on cell membranes

Cell disintegration

Improvement of mass transport

Pulsed Electric Fields (PEF)

E < Ecrit

E > Ecrit

E >> Ecrit

Intact
cell

Reversible

Irreversible

E



Example:
PEF-Treatment of S. cervisiae in fruit juice 

Adding a non-thermal effect on 
microorganisms

Potential to achieve microbial 
decontamination at low thermal load

control

PEF-treated
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Specific Energy [kJ kg -1]

E. coli

 35°C
 45°C
 55°C

Inactivation of E. coli, L.innocua, S. cerevisae and B. megaterium in ringer solution with an electrical
conductivity of 1.25 mS cm-1 after PEF treatment with graphite anode and a field strength of 16 kV cm-1

Inactivation of different microorganisms
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E. sakazakii

15s
L. monocytogenes

Comparison
to thermal 
portion of 
inactivation

Protective
effect in 
comparison
to Ringer 
solution
(dotted lines)



Vitamin C % Reduction
(mg/100ml)

Control 52.2 n.a
PEF 50.9 2,5

(Yeom et al ., 2002)
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control PEF
Juice colour:
Slight increase, unsignificant
change.
(Ayhan et al ., 2002)

Impact on product quality
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PEF 240 µs

PEF 480 µs

Heat

Flavour profile orange 
juice

Less drastic impact in 
comparison to heat
treatment

Possibly flavour loss by
degassing (not required
anymore, nowadays
backpressure)

Shelf life of 35 days
(Jia et al., 1999)

Impact on product quality



5 and 30 kW systems
Capacity up to 15 t/h
Rectangular pulses, bipolar 
Peak voltage 25 kV 
Pulse width 4 to 30 µs
Pulse repetition 0 to 1.000 Hz
Detection of peak voltage and current
Titanium electrodes
Al 2O3 insulator



Different treatment chamber modulls available





((TemperatureTemperature AssistedAssisted ) ) 
High High PressurePressure ProcessingProcessing
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High Pressure Preservation



High Pressure Preservation



Industrial HPP Equipment Installations

Source: Carole Tonello, NC Hyperbaric

� 128 equipments used by 61 companies

� Total production in 2008 : ~180 000 tons

1990
1991

1992
1993

1994
1995

1996
1997

1998
1999

2000
2001
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2004
2005

2006
2007
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Total

128

112

93

79

64

49

37
28

19

1197777
5

321

71

8
11

7610
787

5
11

0

31

7
336

33
12

11

1

21

0
34

2
12

3

12
111

5
1

2
11

Oceania
Asia
Europa
America
Total

Juices and 
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12%

Meat products
30%

Seafood and fish
16%

Other products
6%

Vegetable
products

35%



Product Examples



55l technical scale system
600 MPa
ambient



Calculations:
•including depreciation (5 years, 280 days/year, 16 h/day), 
wear parts and energy costs 
•based on a processing time of 3 min at 600 MPa (600 0 bar)

ECONOMIC MODEL FOR READY-TO-EAT PRODUCTS

0,076 €/kg105 KWh1750 Kg /h9,1 min63 % 420 l380 mm6000/420

0,103 €/kg150 KWh2000 Kg /h9,0 min50 %600 l2 x 300 mm6000/300T

0,119 €/kg60 KWh800 Kg /h11,3 min50 %300 l300 mm6000/300

0,167 €/kg30 KWh400 Kg /h10,3 min50 %135 l300 mm6000/135

0,221 €/kg14 KWh150 Kg /h9,1 min43 %55 l200 mm6000/55

Processing 
cost

€ per kg

Energy
Consumption

per hour

Production
capacity

Total
cycle time

Vessel
filling ratio

Vessel
Volume

Vessel
Diameter

MODEL



25°C

Ref.       100        200       300        400      500 MPa

Ref.       100         200       300        400      500      600 MPa

Change of turkey meat after 1 min at 0.1-500 MPa an d 25°C.

Change of pork meat after 1 min at 0.1-600 MPa and 25°C.

Ref.      100        200        300        400       500     600 MPa 

Change of chicken meat after 1 min at 0.1-600 MPa an d 25°C.

Red and White MeatRed and White Meat
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 Lactic acid bacteria treated
 Enterobact untreated
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High pressure treated chicken fillet

6000 bar, 5min
Shelf life > 30 days



Liver sausage



Liver sausage



Cold processed liver sausage

•Time and energy saving
•No cooking loss
•Fresher product
•No nitrite added



High pressure MDM turkey 
sausages

Ingredients Weight

Raw materials:

Turkey MDM meat 6.000 kg

Ice 2.000 kg

Extenders:

Wheat fibre 160 g

Additives:

Nitrite curing salt 120 g

Phosphate 18 g

Ascorbic acid 30 g

Seasonings 50 g

Monosodium
glutamate (E-621)

30 g

Cutting Filling Smoking     HPP
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Firmness and benefits of HP-treated sausages

•Low-cost, safe product

•Saving time and energy

•No cooking – no drip loss

•Reduced salt content



HPP Product

Cold production of pork chop (Kassler)

Pickling/Curing

Tumbling

Smoking

High pressure treatment



HPP Product

Cold production of pork chop (Kassler)

• Cold processing – no heat
• Saving energy
• Saving time
• No cook loss, no cooking

damage



Is high pressure an alternative to heat for

food preservation? 

It can be – but still the efficiency of HP processing is large ly
determined by the temperature level – combination!



Core temperature in a cylindrical package (R = 5 cm), l = 0.4 W/Km, r = 0.975 kg/L
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Spore Inactivation by High Pressure
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Comparison of different spores



NC Hyperbaric
Wave 6000/55HT
600 MPa
200 mm diameter
55 l volume
5 to 95°C

HPT Equipment – present state



Uhde
150 l HAT
700 MPa
300 mm diameter
150 l volume
5 to 140°C

HPT Equipment – present state



Parameters for selection of a process

• Product and packaging type
• Batch or continuous processing

• Heat transfer mechanism
• Treatment capacity required

• Costs of operation/energy
requirements
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Specific energy requirements and costs of thermal proce ssing
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Conclusions

Making use of driving forces other than heat product
structure design and preservation is possible

Dependent on product type and goal various techniques are
available

Their application allows product innovation, quality and 
safety improvement

All techniques ready for industrial use, test equipment i s
available


