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Hurdle concept
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The Technology HillThe Technology Hill
High Pressure Pasteurisation
Mi P t i ti

Biotechnology - Extended Storage
Microwave Pasteurisation

Super Chill (1°C)

Irradiation (Raw Materials)

Robotic Assemble in Sterile
Environment

Microwave Sterilisation
Irradiation (Raw Materials)

Ohmic/Aseptic Processing
Chilling

Antimicrobials (Natural or
Engineered)

Freezing

Canning

Pressure Sterilisation
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Dehydration
Pickling/Curing

(Products)
Pulsed Technology

Pressure/Electrical/
Smoking Magnetic Fields
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P. F. Drucker
Harvard Bus. Rev. 1985
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The central meaning of innovation thus
relates to renewal or improvement, withp
novelty being a consequence of this
improvement. For an improvement to
take place it is necessary for people
to change the way they make decisions,
or make choices outside of their norm.

P. F. Drucker
H d BHarvard Bus.
Rev. 1985
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BIG INNOVATIONS

WATER ACTIVITY CONCEPT

ASEPTIC – SMART – PACKAGING

HYDROSTATIC PRESSURE (activation Volume)HYDROSTATIC PRESSURE (activation Volume)

COMBINATION PROCESSES / MINIMAL PROCESSING
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Open Innovation

• Nestle; JFS 76, R62, 2011
• GenMills; World Wide Innovation• GenMills; World Wide Innovation

Network (G-WIN)
K ft I t ith K ft• Kraft; Innovate with Kraft
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Timing

High Pressure:
1899 Hite, USA
1969 Gould et al, UK
1983 F k DK USA1983 Farkas, DK, USA
1986 Hayashi, JP

Food Biotechnology and Food Process Engineering

Timing
Pulsed electric fields:

1920 Pasteurization of milk „Electropure Process“1920 Pasteurization of milk „Electropure Process
Ohmic Heating and free radical formation

1949 Electroplasmolysis of plant material1949 Electroplasmolysis of plant material
B.L. Flaumenbaum, Odessa

1960 P t t H D k1960 Patent, H. Doevenspeck
Phase separation, non-thermal effects on microorganisms

1967 Sale & Hamilton
First systematic studies, Identification of main processing parameters.

Food Biotechnology and Food Process Engineering



Timing
Dietrich Knorr: • Organic foods 1982

A th 1985• Amaranth 1985
• Plant cell cultures 1984
• Chitin/ Chitosan 1984Chitin/ Chitosan 1984
• Waste recovery 1977
• Sustainable food systems 1983

Hi h h i ti 1990• High pressure homogenization 1990

• Food Biotechnology 1985Food Biotechnology 1985
• Non-Thermal Processes 1992

Food Biotechnology and Food Process Engineering

Timing
• Steam injection plus US 1993

Volker Heinz / DK:

j p
• HP/ electric shock waves 1995
• HP sterilization 1995
• HP prions viruses 1996• HP prions, viruses 1996
• HP process inhomogenieties 1994
• HP short time processing 1998p g
• PEF methodology/ equipment 1996
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Timing
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PATSPATS summarysummaryPATSPATS-- summarysummary
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Innovation climate + science

Universities: engage students
(concepts peers mentors)(concepts, peers, mentors)

change curicula

Industry: Mr Chocolate (Trophelia)Industry: Mr. Chocolate (Trophelia)
Open Innovation (Nestle, GenMills, 
SME´sSME s

Funding Bodies: deliverables g
high risk projects
long term funding

Food Biotechnology and Food Process Engineering

g g

Random walks
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152

Evolution of HPP industrial machines 
installed on continents

May 2010
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Industrial tandem high pressure processing New NC Hyperbaric i420 equipment installed 
in Millard Refrigerated, Pennsylvania

New industrial unit Wave 6000/55HT (Spain)

(Tonello Samson, C., 2008, NC Hyperbaric, Spain, personal communication)

Food Biotechnology and Food Process Engineering

CONCERTED ACTIONCONCERTED ACTION
EC project HP: 1992- 1996

Food Biotechnology and Food Process Engineering
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Some high pressure units:g p

Monovessel Multivessel
Microscope
cell

U4000 Simonazzi



CONCERTED ACTION
SAFE ICE Processing paths in HPLT domainSAFE ICE

Pressure assisted 
Freezing/thawingFreezing/thawing
Freezing/thawing 
to ice III, ice V...  
Storing food < 0 °C
Pressure Shift 
Freezing

Storing food < 0 C

Pressure Induced

Pressure Induced 
Freezing > 0 °C

Pressure Induced 
Thawing

g
Pressure Shift 
Thawing

CONCERTED ACTIONSAFE ICE
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Phase diagram of real foods (POTATO)
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CONCERTED ACTION
SAFE ICE

10 HPLT microscopic cell

SAFE ICE
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CONCERTED ACTION
SAFE ICE

Industrial process concept development
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HIGH ELECTRIC FIELD PULSES: FOOD SAFETY,HIGH ELECTRIC FIELD PULSES: FOOD SAFETY,
QUALITY, AND CRITICAL PROCESS PARAMETERS

RASO, U. Zaragozag
ALVAREZ, U. Zaragoza

Moissan H 1904 The electric furnance Edward Arnold London

Food Biotechnology and Food Process Engineering

Moissan,H. 1904. The electric furnance. Edward Arnold, London

Pilot Equipment PEF

Food Biotechnology and Food Process Engineering



CONCERTED ACTIONCONCERTED ACTION

Novel Q approx 25 PhD students
130 bli ti130 publications
TCD Network

HP P i h iti S i Pl tfHP Process inhomogenities
PEF Modeling
Packaging

Science Platform
Industry Platform
95 companiesPackaging

HP- HT
HP Structure engineering

95 companies
Consumer Platform

HP Structure engineering
PEF Mechanisms

Food Biotechnology and Food Process Engineering

EQUIPMENT MANUFACTURINGEQUIPMENT MANUFACTURING

HP
T, and 
P distribution

Postitive impact of metall grids
on electric field distributionon electric field distribution

PEF
T, and 
E distribution

Icrease of turbulence due to 
insertion of static mixing devices
(grids)

Food Biotechnology and Food Process Engineering

(grids).



CONSUMER PLATFORMCONSUMER PLATFORM
CONSUMER ACCEPTANCE

“…there seems to be good reason for doing further work on the development of 
PEF and HP, as consumers see potential in these products “

Banati et al.
Boel Nielsen et al. 2009

(1) “C “ HP 9% / PEF 12%(1) “Concern“: HP: 9% / PEF: 12%
“Uncertainty: HP: 24% / PEF: 41% Cardello, 2003

(2) “High pressure processing was acceptable to the majority of consumers
interviewed in France and Germany…“ Butz 2003, Fair CT96-1113

(3) “Health professionals hold a positive attitude toward HP, OH and PEF“
Delgardo-Gutiercerrez& Brühn 2008

(4) “As a rule of thumb the less familiar a technology the more skeptical people(4) As a rule of thumb, the less familiar a technology, the more skeptical people
are about it “

Lyndhurst 2009, FSA

Food Biotechnology and Food Process Engineering
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TCD NetworkTCD Network

1st ti 2007 t t f th t i tifi i f ti1st meeting 2007 state of the art scientific information

2nd meeting 2007 communication and presenting yourself

3rd meeting 2008 communication and presenting yourself 

4th meeting 2008 PhD advisory board (science platform)

5th meeting 2009 EFFoST conference Novel Q sessions5 meeting 2009 EFFoST conference Novel Q sessions

6th meeting 2010 European Food Science PhD conference
_____________________________________________________________

Awards: Tara Grauwet, KUL: EFFoST/ IFT (“meeting the real dinosaurs in
the field…”)

Nicolas Meneses, TUB: EFFoST/ IFT

Food Biotechnology and Food Process Engineering

New Novel Q Professors

Inneke Oey, University of Otago

Stephan Töpfl, U. Applied Science, Osnabrück

Albert Baers U Applied Science BremenAlbert Baers, U. Applied Science, Bremen

Food Biotechnology and Food Process Engineering
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THE FUTURE
YOUNG SCIENTISTS

EFFOST, IUFOST

NOVEL Q TCD Network
PhD conference BerlinPhD conference Berlin

EFCE PhD workshopsEFCE PhD workshops
EFFOST Mentors

Food Biotechnology and Food Process Engineering



THE FUTURE

C Factor (communication)C Factor (communication)

don´t read (google)don t read (google)
don´t talk (EU proposals)

NEW TOOLS BLOG- LINKE DIN,
FACEBOOK
MENTORS

Food Biotechnology and Food Process Engineering

THE FUTURE

N- Factor (Narrowness)N Factor (Narrowness)

HPHT HPLTHPHT     - HPLT

NEW TOOLS: internet forum
alumni clubs
MENTORS

Food Biotechnology and Food Process Engineering



Googling MarcusGoogling Marcus
1.0 Normalized Google DistanceFood physics g

NASA

Nestlé
P. Vitanyi, 2006

Occupations
Chemical Engineering

0.5 Affiliations

MIT

Pillsbury

g g

Food Science

Material science

Rutgers University

TU Munich

MITFood Science

Food Engineering

1.0 0.5 0.5 1.0

Ted Labuza

Daryl B. Lund
Dietrich Knorr

Food preservation

Lipid oxidation

0.5

Ted Labuza
Sam Saguy

J. Aguilera

Water activity

Glass transition
Flavour release

Science Areas
0.5

12 billion pages indexed by Google

Sandy Miller

Werner BauerPeople Kinetics/foods
Maillard

1.0

12 billion pages indexed by Google
1570 pages about « Marcus Karel »

Heribert Watzke
Flavour analytics
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Food Quality & ManufacturingFood Quality & Manufacturing
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The European Food Industry today

Europe’s global export market share declined from 24 to 20% over 10 years, making 
Europe a net importer instead of exporter since 2004. 
The food sector’s share of R&D investments is only 1% (rank 15)
– The pharmaceutical and biotechnology sector is ranked nr 3 with a– The pharmaceutical and biotechnology sector is ranked nr 3 with a

share of 18%. 
Business expenditure on R&D as a percentage of total output is 0.24%, far below e.g. 
Japan (1.2%). 

Therefore “a radical change in the policies related to research development andTherefore, a radical change in the policies related to research, development and
innovation in the food sector is needed in Europe”

Research Agenda 

The most important issues for policy makers in the coming decades are:
– cross sector activities like food-technology, food-transport, and food-

health.
At the interface of sectors advances will be achieved– At the interface of sectors, advances will be achieved.

– R&D intensity is substantially higher in sectors outside the food 
domain.domain.

Policy makers should emphasize the competitive role of Europe in world food systems. 
– The rich and diverse European Cuisine;
– Cultural differences in Europe;
– Europe as a global cultural playing ground for development of new 

food concepts (e.g. food concepts for and tested by the Indian, 
Chinese, Brazilian, etc consumer groups); 
The leading role in sustainable– The leading role in sustainable



CHALLENGES / OPPORTUNITIES

HYGIENE / SAFETY• HYGIENE / SAFETY
• ROBUST / SCALABLE TECHNOLOGIES

AUTOMATION / ROBOTICS / SENSORS• AUTOMATION / ROBOTICS / SENSORS
• NEW TECHNOLOGIES / TECHNOLOGY TRANSFER
• COMBINATION PROCESSES• COMBINATION PROCESSES
• UNDERSTANDING NEW TECHNOLOGIES
• PROCESS INTEGRATIONPROCESS INTEGRATION
• SUSTAINABILITY & TRANSPARENCY

Food Biotechnology and Food Process Engineering
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TRANS DANUBEAN CONFERENCE
ON WATER AND FOOD SAFETYON WATER AND FOOD SAFETY

Food Biotechnology and Food Process Engineering
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Evolution of HPP industrial machines 
i t ll d ti t
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Year

Temperature-time-profile of PEF-treatment of Apple Juice with an
i l t t t f 55°C d ifi i t f 40kJ/kinlet temperature of 55°C and a specific energy input of 40kJ/kg
comparded to a thermal treatment with the effect of one
pasteurisation unit (PE).

Food Biotechnology and Food Process Engineering
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CONTROL HELP EXTRACTION HELP PRESSING

SUGAR BEET JUICE EXTRACTION

SIZE
REDUCTION

SIZE
REDUCTION

HELP
   SIZE
REDUCTION

HELP
THERMAL

TREATMENT
80°C, 10min

HELP
45°C

 SIZE
 REDUCTION

PRESSING

EXTRACTION
75°C, 65 min

EXTRACTION
45°C, 65min

PULP
H20

H20 H20

JUICE
PURIFICATION

PRESSING

JUICE PULP

PULP

CONCENTRATION PRESSING

DEHYDRATION

CONCENTRATION

JUICE PULP

CRYSTALLIZATION

DEHYDRATION

CRYSTALLIZATION

Food Biotechnology and Food Process Engineering

PEF and juice production – adaptation of processing steps

Process integration
PEF and juice production – adaptation of processing steps

Apples Carrots

Mechanical disintegration

PEFPEF

Belt press Bucher hydraulic press DecanterPacking press Belt press Bucher hydraulic press DecanterPacking press

Food Biotechnology and Food Process Engineering



PROCESS INTEGRATION
Cell disintegration index

No mechanical disintegration without changing of particle size

Electroporation: disintegration and particle size are independent

Influence on water transfer

Ultrasound

Although visible cell damage limited to ~ 1 mm, water transfer is influenced
in samples of 1 cm thickness

UltrasoundUltrasound

Vibration effects more important than cell damage

Improved evaporation at sonicated side



Non thermal atmospheric plasma jetp p j
Inactivation of bacteria and enzymes
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PROCESS STRUCTURE FUNCTIONPROCESS- STRUCTURE- FUNCTION
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PROCESS- STRUCTURE- FUNCTION

PHYSICAL MODIFICATION OF PREBIOTICSPHYSICAL MODIFICATION OF PREBIOTICS

3 fP,T-3D map of
starch

gelatinization

Food Biotechnology and Food Process Engineering

PROCESS- STRUCTURE- FUNCTION
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PROCESS STRUCTURE FUNCTIONPROCESS- STRUCTURE- FUNCTION
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TAI�OR �A�E FOO� CONCEPTS

Selective extraction
Blueberry mash pretreatment and anthocyanin content  and profile in the juice
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TAI�OR �A�E FOO� CONCEPTS

Cell disintegration �or tiss�e so�tening and red�ction o� c�tting 
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TAILOR MADE FOOD CONCEPTS
PEF cell permeabilisation

Concepts:

cleaning

p

- Increased release of sugars during blanching

peeling - Increased infusion of glucose oxidase followed by 
enzymatic conversion of glucose 
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