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e First research in 1890s — milk pathogens

e Non-thermal processing technology (combination
with heat possible)

e First commercialised in Japan in the early 1990s for
pasteurisation of acid foods for chilled storage

 High pressure treated foodstuffs have been
marketed in Japan since 1990, in Europe and the
United States since 1996 & Australia since 2001

e Rapid commercialisation since 2000
e Market size - US$2-3b
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High pressure —how much pressure?

Mariana Trench
- deepest part of the world's oceans

-11.03 km deep

-Water column pressure at the bottom
— 108.6 Mpa (15,750 psi)

- 1000 times atmospheric pressure
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Pressure comparison & o oumaian
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http://foodsci.rutgers.edu/103/CFPA%20POWERPOINT/Almermal%20Food%20Processing%202008%20KarwePDF.pdf




Number of HPP machine installation around the world —Jan
2011
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HPP product-wise application B oo
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Product-wise HPP application

® Vegetable products

® Meat products
Seafood & fish

® Juices & beverages

® Other products

NC Hyperbaric 2010 'IOO
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HPP machines & products
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Distribution by Country
_Canada

usS

Mexico

Spain
Installs
B Australia B Canada B Chile
M Finland M France W Germany
M Greece [ italy M Japan
W Mexico B New Zealand W Peru
M Portugal M Korea M Spain
MUK mUuUS

Distribution by Product Category

Installs
M Fruit M Juice M Meat
M Milk B Research M Rice

[l Ready meals M Seafood M Vegetables

AVURE 2010

AVURE 2010- http://www.shellfish.org.uk/files/52909Rogers.pdf
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product in/out
Processed product out Unprocessed product in

Vertical Horizontal

Trend is towards horizontal machines
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HPP process
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PRODUCT LOADING VESSEL PRE-FILLING

Low
PRESSURE

PRODUCT UNLOADING PRESSURIZING

PR(RE_%SED — PREISgSRE
Water Circuit
Taps J ‘ Pressure Vessel
NC Hyperbaric B
Lt , O il
Pump 1 EUD.<
20 MPa 20 MFa
Low Pressure Pump Low Prassure Pump
www.prosafebeef.eu/images/site/.../hhp%20system%20preseiation. -| O O

YEARS AHEAD



HPP commercial machines
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Capacity, L NC Hyperbaric, Avure, US/Sweden
Spain
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Smaller, more affordable machines targeting small
manufacturers introduced

Feb 2010 May 2010

—Avure launched QFP100 horizontal
100 L HPP machine (price under US
$1 million)

NC Hyperbaric launched Wave 6000/120; 120L
machine (price under US $1 million

----------
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Equipment cost
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HPP processing costs & o oumaian

AUSTRALIA

Processing cost based on 300L machine
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Shellfish & Mollusks RTE trays RTE pouches

* Including 5 year depreciation, 300 working days/years, 16 h/day

Product Shellfish & Maollusks RTE trays RTE pouches

Pressure (MPa) 300 00 &00

Holding time (min)) 1 3 3

Filling ratio 70% 50% 80% NC Hyperbaric
Production/h 2800 Kq 1100 Kg 1800 Kg
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Attractive for consumers - meets demand for freshness
and minimal processings it helps in avoiding chemical
additivesor hightemperatures

No consumer negativite.g irradiation and GM

Extended shelf life wider product distribution and
results in fewer product returns

Uses less energihence greenhouse gases) than other
technologies and has the highest processing efficiency for
pumpable foods

Processing can be done in final packaging which avoids
post-processing contamination and tempering

Reogjired processing times are also reduced and there are
no by-products

Permits the inactivation of microorganismand enzymes
at low temperatures, while valuable low molecular
constituents, such as bioactives vitamins, colours and
flavourings, remain largely unaffected
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HPP —Key food safety challenge

Challenge:

* Inability of HPP to inactivate spores

Solution:

e Combination of HPP and heat — High Pressure Sterilisation
(HPS) or Pressure assisted temperature sterilisation (PATS)
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High Pressure Sterilisation (HPS)

Principle of PATS/HPS

Start HPP processing at an elevated
temperature —70-90° C

Use heat generated by applying

pressure for uniform rapid increase of

temperature, and vice versa cooling
at pressure decrease

Spores inactivated by combination of
Pand T

Maximum temperatureis5-10° C
lower than normal sterilisation
temperature

Lower heat input compared to retort
=> higher quality

AGROTECHNDOLOGY &
FOOD SCIENCES GROUP

Wl = WAGENINGEN

http://download.dlg.org/anugafoodtec/prl2_matser.pdf
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Retort
sterilisation

HP sterilisation

30 | |

0 50 100
Time [min]
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High Pressure Sterilisation (HPS) & o oumaian
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Pressure-assisted thermal sterilisation (PATS)

NC Hyperbaric
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High Pressure Sterilisation & o oumaian
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Flavour of fresh basil Firmness of green beans

120

Basil

il

Fresh Dried Frozen Retort HPS
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Fresh Frozen Retort HPS

http://download.dlg.org/anugafoodtec/prl2_matser.pdf
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Inactivation of spores

Total count |Spore count

Initial [HPS |Initial |HPS
Green beans |6.1 |<CT (3.5 <CT
Spinach 82 |[<CT |35 <CT
Asparagus |6.9 |<CT |4.7 <CT
Milk 44 [<CT |0.7 <CT
Basil 4.8 [<CT |3.9 <CT

http://download.dlg.org/anugafoodtec/prl2_matser.pdf
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Low-medium moisture, semi-solid/solid foods, vacuum packaged

®* Dry-cured or cooked meat products

e Cheeses
 Fish, seafood, marinated products
e Ready to eat meals, sauces

High moisture, solid foods, vacuum packaged

®*  Fruits, marmalades/jams

e Vegetables

High moisture, liquid foods in plastic bottle/flexible packaging
® Dairy products

* Fruitjuices

 Bioactive beverages
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Foods unsuitable for HPP

Solid foods with air included

e Bread and cakes
e Mousse

Packaged foods in completely rigid packaging

e Glass packaging
e Canned foods

Foods with a very low water content
* Spices

e Dry fruits

e Powders
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Physico-chemical effects of HPP b=
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Effects on food colour & flavour

 Fresh or marinated meat: iron in the myoglobin changes from ferrous to
ferric and globin is denatured - the red colour is lost

e Cooked meat colour is largely unaffected
 Cooked meals are not affected

* Fruits and vegetables: Slight modification
e Fruit juices —little or no effect

* Flavours are mostly unaffected
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HPP — Fresh vs cooked meat
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Control 200MPa 300MPa 400MPa 500MPa 600 MPa

Fresh =

Frozen =

Control 200MPa 300MPa 400MPa 500MPa 600 MPa

Fresh samples

F res h Cooked samples

www.prosafebeef.eu/images/site/.../hhp%20system%20presentgion.

Pressure

Fresh samples

Cooked samples

Y

Cooked

(@)

Pressure

YEARS AHEAD
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HPP — effect on sensory & quality @B‘S%‘JE&‘S‘S&E
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RTE meat and poultry - sensory and quality attributes
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|+Standard Process wipreservatives —#8—HPP

Avure, 1987; http://www.avure.com/archive/documents/Faadducts/meaapplicatiorbrief-
-letteremailversion.pdf
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Physico-chemical effects of HPP
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Effects on proteins and enzymes

Inhibition or stimulation of the enzymatic activity (depending
on processing conditions)

Proteins are partially denatured in products where proteins
have not been previously modified by other process: heating,
drying, fermentation etc.

Pressures affects hydrophobic bonds and electrostatic
interactions

Pressure denaturation is complex; at pressures >200 MPa
denaturation usually irreversible.
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Residual
Activity PPO ™

Residual
Activity LOX =

Yo

INACTIVATION OF POLYPHENOLOXIDASE AND LIPOXIGENASE
ACTIVITIES IN GUACAMOLE
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| | | ]
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Day 0 Day 5 Day 10 Day 15 Day 20

NC Hyperbaric
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Effects on food texture
e Slight softening in foods with cell wall structures

Effects on fats and lipids

e Reversible crystallization
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Fresh diced apple - hardness

120
100 1
80 -
60 -
40 -
20 -

U .

% Relative Hardness

Fresh 1 minute 5 minutes
Diced 87,000 psi 87,000 psi
Apple (600 MPa) (600 MPa)

http://www.avure.com/archive/documents/Food-products/fruit-data-sheet.pdf




HPP application - seafood =
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Time / pressure range for HPP seafood

Holding

Nonthermal pasteurisation
Time (min)

N

Mollusk shucking /

5 deshelling &
Crustacean meat

4 extraction

3

=

1

0

300 400 500 600 700 800 900 (MPa)

> Pressure

NC Hyperbaric
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HPP application - molluscs & o oumaian
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Molluscs — Oysters,
mussels, clams, scallops
— Easy shell opening

— Minimal labour
requirement

— Reduced product loss - -
Increased yield Traditional - ppp

— Inactivation of virus and
bacteria (Vibro)

http://foodsci.rutgers.edu/103/CFPA%20POWERPOINT/ANon
thermal%20Fo00d%20Processing%202008%20KarweP DF.pdf

-----------
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Crustacean products —
Lobster & crabs
— Easy meat extraction
— Increased meat yield -20-
40%

— No los of nutritional
quality compared with
cooked product

— Retention of flavour

-----------
YEARS AHEAD
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HPP application —crustacean products ¥ oot
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Increased yield

% Meat Recivery

Hard Shell Soft Shell

Maine Lobster

‘I EPF B Cooked |

http://www.avure.com/archive/documents/Fgadducts/seafocavhite-paper.pdf
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HPP application —crustacean products ¥ oot
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Increased yield
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King Golden Dungeness Blue
Crab Species

| HPP B Cooked |

http://www.avure.com/archive/documents/Fguducts/seafocavhite-paper.pdf
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New HPP products —2010-11 B oot

Mousse & Spreads

Zwanenberg, The Netherlands

Meat toppings

AUSTRALIA

All Natural gazpachdtypical Spanish cold
soup based on tomato, cucumber, pepper,
onion, garlic, olive oil) in 330ml and 1litre
PET bottles

----------



New HPP products —2010-11 & o oumaian
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Australian Grape Juice
Cold water high pressure processed:

* 85% vitamin retention
 Not heat pasturized

« Not from concentrate
© No sweeteners ® No colours

Avocados and guacamole
(Fressure Foods, NZ)

Sliced meat
(Infantis, Greece/Germany)

Red & white grape juice
DGG Marketing - Australia/Singapore

Moira Mac s ready to eat

Wholly Queso Chicken breasts - Australia
Fresherized Foods, US
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HPP market opportunities —sandwich fillings @‘35593’;?5“*\“

Sandwich fillings

* Food safety —inactivation of g8
pathogens R

* Increased shelf life without
chemicals

* No effect on physico-
chemical properties such
emulsion state

takaways and delis

----------
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® fnitssveggies (2 Na® TR ﬁrmt & Vegetable options \

Y more E ;.&@4' With HPP
matters. THE COLOR waY Gofor2&5 "
Whole

Authorities fail to achieve targets Sliced

for eating fruits and vegetables in piced

adults (US) Coulis

Smoothie

Consumption target (%)
Consumption Target 2010 Nice to have Sauces
2010 target

Fruits 32.5 75 100 Juices

Vegetables | 26.3 50 100

CDC, 2010 K /

--------
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BREAD READYE meats usi ngHoret ued
/

Ham, Turkey, Beef Dry Sausage

BREAD READY® sliced meats now deliver truer, cleaner meat
flavour without the use of chemical preservatives

Hormel® Natural Choice®Meats
Deli sandwich meats, Smoked dinner ham, carved chicken breast, bacon, /& _—_—

f I|
| NATURAL CHOICE" |

Canadian bacon, pepperoni, hard salami and pork loin filet \ 1o% NaTURAL®

M FRESEEY. ATIVES

Have zero preservatives and are 100 percent natural with no artificial colours
or flavours, and no added nitrites or nitrates, leaving only great taste

Employing a cuttingedge watebased pasteurization procedsrmel® Natural Choice®roducts are sliced,
sealed and packaged, and then placed in a TRUETAS
inch of water pressure are exerted, protecting against harmful bacteria. The processusal/l[USDA

approved and doeshcompromise the meat great taste, texture, appearance or nutritional value.

.........


http://www.hormelfoodservice.com/products/Default.aspx?prodid=536
http://www.hormelfoodservice.com/products/default.aspx?brandid=4
http://www.hormelfoodservice.com/products/default.aspx?brandid=4
http://www.hormelfoodservice.com/products/default.aspx?brandid=4

THE UNIVERSITY

Opportunities - Branding HPP for premium returns Q’OFQUEENSLAND
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Ready-to-eat meals

e Home made quality

e Long shelf life

e Food safety

* No chemical additives

.........
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Immunoglobulins (% )
150

100
50 -

0 .

Unprocessed Pasteurised HPP 600 MPa, 3
(83.5C, 3 min) min

Protecting your immunity,
the way Mother Nature intended...

Patent WO/2006/096074 (Fonterra)

HPP will help deliver health claims

-----------
YEARS AHEAD
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Distributors

Consumers

 Quality, natural, additive-free,
convenience, variety, health
benefits, trust, safety & security

e Long shelf life \

Companies

* Technology, R+D Ideas,
Innovation

Share holders

e Return on investment,
growth, benefits

Regulators

* Minimal processing

o Safety

Governments

e Safety

e Environmental friendly

..........



