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HPP Market $13b – World Wide



HPP Food Benefits

1. Gov. accepted food safety method

2. Longer shelf life (vs fresh) 

3. No chemical additives “clean label”

4. Retain more sensory and nutrition

5. In package treatment 

6. Innovation potential



HPP Food Limitations

1. High process cost

2. Essentially only for refrigerated products

3. Does not inactivate spores

4. Will not work for air containing foods 

5. Batch operation

The most important slide! 



History HPP Science

Started in late 1890s.

Rebirth in the 1980s  Hayashi  
(Japan) (CIP equipment)

Commercialized in 1990’s  
Equipment R&D

Flow International>FUP+ABB> 
Avure,  

NC



ABB(PS)+Flow FUP >>> Avure

ABB PS

Flow Intl



High Pressure Liquid vs Gas

Much less stored energy than gas, but forces are still high.

 PDV= Work Energy
Higher bulk modulus = lower energy

N. Ravalain et al. 2010



Safe and Longer Lasting

Honey Ham

Extends shelf life (typically 3x)
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USDA New Technology Acceptance

FIRST USDA HPP ACCEPTANCE 
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May 28, 2003



HPP Equipment

• Avure

• Hyperbaric

• Uhde/Multivac

• SXSS (China)
• Wenzhou (China)
• BTFK (China)
• “NextHpp”
• “FresherTech HPP”



Pressurize Equipment Problems

Big problem

Aloha Airlines 243

Design, Materials, Maintenance, Training, Inspection,…..Regulations 



HPP Pressure Vessel Essential

• Pressure vessel materials are regulated under PED or ASME rules. 

• Large HPP vessel apply residual stress to resist metal fatigue.  
Both Hiperbaric and Avure uses wire winding, other components 
use autofrettage.

Avure



HPP Equipment

Pump(s),
Pressure Vessel,
Product Handling



Operating Cost $0.15 to $0.05 per pound



Larger Diameter is Good
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AV10

AV-30

AV-40X, AV-50X, AV-60X, AV-70X



Power is Good

AV-40X AV-50X AV-60X AV-70X
6.4 8.8 10 10.7
7.1 10.3 12 13.1

Speed - Processing Time
Cycles per hour - 3 min hold
Cycles per hour - 2 min hold

Machine Model



Intensifier Pump

Reciprocating intensifier

Flow Intl



Full is Good

OK Good Best 25Yrs ago!



Speed is Good  

Automatic 
Discharge

Auto Basket Tipper

Semi-Auto Discharge

Semi-Auto Loading

Basket Cart



HPP Future

• “BULK HPP?”

• HPP + Temperature (PATS)

• More than pasteurization: Value added 
applications (like meat tenderization, infusion, 
extraction,  accelerated flavor profile, etc..)

• Non-Food application (biopharma protein  
science and processing)



Back to the Future

2017,
Hiperbaric 1050 Bulk

“product-in-a-bladder system with a 
throughput of 10,000 L/2,640 gallons 
per hour”

Flow International Corp. 2003



Small HPP
 Quantitative proteomic analysis of tissue biopsy samples

 Australian Cancer Research Foundation International 
Centre for the Proteome of Cancer (ProCan) will 
generate proteomic profiles of roughly 70,000 cancer 
tumor samples 



Real Time HPP Scientific 
Instrumentation



Papainase summary

A.  papainase digestion of BAPNA                                                  B.  BAPNA negative control

Figure 1.   Papainase (a cysteine endopeptidase from Carica papaya) digestion of the 
synthetic substrate BAPNA.  Digestion rates (slopes) were measured over 0-60 kpsi at 
temperatures ranging from 22-60°C. 



Peroxidase conversion of substrate at high pressure and temperature in the optical cell

Figure 2.   Real time kinetics showing the rate of horseradish peroxidase conversion of synthetic substrate 
tetramethylbenzidine (TMB) showing the inactivation of the enzyme at high pressure and lower 
temperatures.  The rate of substrate conversion was measured over 100 seconds at each pressure interval.  
Longer reactions were not performed.  The recovery of enzyme activity upon return to atmospheric 
pressure was not determined in this experiment.

horseradish peroxidase conversion of synthetic substrate tetramethylbenzidine (TMB)



Thank you for your time

Special thanks to JBT for some slides

Questions?


