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HPP Market S13b - World Wide

Figure 6.3 Regional HPP Foods Markets Share Forecast (% Share), 2016

Figure 6.1 Regional HPP Foods Markets Forecasts ($bn, AGR%), 2016
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HPP Food Benefits

Gov. accepted food safety method
Longer shelf life (vs fresh)

No chemical additives “clean label”
Retain more sensory and nutrition

In package treatment
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Innovation potential



HPP Food Limitations

High process cost

Essentially only for refrigerated products
Does not inactivate spores

Will not work for air containing foods
Batch operation
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History HPP Science

» Started in late 18%0s.

» 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




High Pressure Liquid vs Gas

» Much less stored energy than gas, but forces are still high.
» PAV= Work Energy

Higher bulk modulus = lower energy

Pressure Medium Energy (cal/mol)
100 MPa Gas 3000
100 MPa Solid 1
1 GPa Solid 5
10 GPa Iron 20
10 GPa H-0 1000
0.1 MPa Chemical reaction 20,000

N. Ravalain et al. 2010




Safe and Longer Lasting




USDA New Technology Acceptance

fay United States Food Safety Washington, D.C.
g & Department of and Inspection 20250
ﬁ&-dlﬁ Agriculture _ Service )

unr 28 &0 MCIy 28, 2003

i Fd

Edmund Ting, Sc. D. FIRST USDA HPP ACCEPTANCE

Avure Technologies
Fresher Under Pressure
23500 64™ Ave South
Kent, WA 98032

Dear Dr. Ting:

We have reviewed your April 18, 2003, Notification of New Technology (Log number
(3-NT004-N-A) for use of High-Pressure Processing (HPP) as a post-lethality
intervention method for Listeria monocytogenes contamination in pre-packaged ready-to-
cat food such as deli sliced meats. Based on the information and data submitted, we have
no objection to the use of the new technology as described in your letter.

Sincerely,

_):m’iq /? 5&@«;{ :

arles Edwards
Director
Technology Program Devclopment Staff
Office of Policy Program and Development



HPP Equipment

e Avure

* Hyperbaric

 Uhde/Multivac

« SXSS (China)

« Wenzhou (China)
« BTFK (Chinaq)

+ “NextHpp”

* “FresherTech HPP"



Pressurize Equipment Problems

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

Aloha Airlines 243

B}g problem



HPP Pressure Vessel Essential

use autofrettage.

«~— ELASTIC RETURN ZONE

DURING AUTOFRETTAGE

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

MODERATE TENSILE HOOP STRESS

va HIGH COMPRESSIVE HOOP
STRESS AT BORE

AFTER AUTOFRETTAGE



HPP Equipment

BASIC COMPONENTS OF THE
Intensifiers HIPERBARIC EQUIPMENT
1 af_'d 2 Intensifiars.
. - ? a:| % Intensifiers
Intensifiers

Electrical cabinet

Product
autlet line

Relief valves
Plugs and

Pump(s),
Pressure Vessel,

Enclosur

Product Handling i

Panel

Yoke .
Product
inlet line



. [=Hiperbaric
OpeI’OTIﬂg COS $0.15 to $0.05 per pound

Models 55 120 135 135 300 300 200 200 420 420 525 ]
Ic [ SC [ SC [ SC Ic Ic
CYCLE Urits
Yessel filling ratio = = 50.0% 50,02 50.0% 50.0% S0.0% 50.0% 50.0% 50,02 50.0% 55.0% 55.0%
Lbs. per cicle Lbs 5 132 143 143 33 331 EET 331 453 509 637
Machine time * min 14 1.75] 115 1.15] 150 1.50 1.50 1.50) 1.72 172 I.q
Fressure build up time min Z.3 z.50| 310 30| Z.95 295 Z.05 Z.05 Z.35 Z.35 Z35
Holding time min 3| 3 3| 3 3 E] 3| 3 3| 3|
Total cycle duration min 6.70] 7.25| 7.25 7.25] 7.45 7.45 6.55 6.55] 7.07 7.07] 7.07]|
EQUIPMENT
Vessel[z] volume litre= ] | 120 T35] 138] 300] 300] 300] 300] 420] 421 525
Number of intensifiers (45 kW] | 1| 2| 2| 2] 4| 4| 3 6] 8| 2 10
OPERATING DURATION
Daily operating duration hours 16 16 16 16 0 i 16 16 [ 16 i
Hours per shift hours
Yearly operating duration hours 420 420 [E 480 450 420 420 420 450 480 480
Yearly operating duration days 30 30 30 30 30 30 30 30 30 30 30
Shifts per day shifts 2 2 2 2 2 2 2 2
COSTS AND COMSUMPTIONS
Inuestment cost™ =3 $E21,000] $908,500) $1.138500 $1,242,000 $1633,000 $1771,000 $1.520,500 $1.920,500) $2,242500 $2,380,500] $2217.500
Exchange rate 1S 115 115 115 115 1.1 1.5 115 i15] 115] 115] 1.1
Investment cost™ 1 1540,000) | 730,000 1330,000 11,050,000 11,420,000 11540,000 1 1E70,000) 11,670,000 11,350,000 12,070,000 12,450,000
Depreciation period year 7 7] 7 7 7| 7 7| 7] 7 7 T
Energy consumption KW/ hibour 28] 43| 43 43 B 34| 07| 107 135 135 135
LABOR
Equipment operatars
Guantity 1 1 1 1 1 1 1 1 1 1 1
Shifts B B z z B B B B z z Z
Annual wagesiPerson $30.000] $30.000 $30.000 $30.000 $30.000 $30.000 $30.000] $30.000] $30.000 F30.000 $30.000
Total Annual Cast $£0,000] $£0,000 $£0,000 $E0,000 $80,000 $E0,000 $£0,000] $£0,000] $£0,000 $80,000 $80,000
Maintenance Fersonnel
Guantity 0 0 [ [ [ [ [0 [ [ [ [
Shifts |
Annual WagesiPerson FE0,001 FE0,001 350,001 F50,001 $50,001 $50.00 FE0,001 FE0,001 $50,001 F50,001 350,000
Total Annual Cast $25,001 $25,001 340,001 440,001 $50,001 $50,00 $50,001 $50,001 450,001 450,001 450,001
Froduct Handlers
Cuantity 1
Shifts |
Annual WagesiPerson F25,001 $25,001 325,001 $25,001 $25,001 $2500 F25,001 $25,001 $25,001 $25,001 $25,000|
Total Annual Cast $50,001 $100,001 $100,00 $100,00 $100,001 $100,001 $100,001 $100,001 $100,00 $100,00 $100,001
Total Labor cost Annual $135.00 $185.00: $200,00 $200,00 $210,00 $210.00 $210.00 $210.00; $210.00 $210,00 $210,000 |
PRODUCTION
umber of ayeles { b 3.0] 53] 8.3 81 8.1 39.2] 3.2} 2.5] 55|
jumber of cycles { da 143 13_2I 132 123 23 147 147] 1% T3]
jumber of cycles { year 42965 39724 FE J6653 J6658 43969 4396 40755 40755,
Hourly production Ka 246 437 559 1208 1208 374 1374 | 2452]
Hourly production pounds 543 1095 1232 2664 2BE4 3030 3030 3932 5408
Daily production pounds 968 1751 19708 42620 42620 43476 43478 62305 643
‘@ arly production pounds 605507 5,255,507 5 31z441 12,726,040 12,786,040 14,542,501 14,542,390 16,71472 75,348,27
Diaily production tons K] [E| 6.3 B3 3 22.0 22, 285 3.
early production tons Tiaz] FRER | 2681 5733 5733 (| 6535} E553 TI7E:
TREATMENT COST PER LB
Depreciation charge U $0.025 023 I | 73] 13} $0.017 1E] $0.01]
Wear parts U $0.013 023 = | BB 01 $0.013 H $0.003)
Eneray U $0.002 002 002 I 0] $0.001 00 $0.001
Labor cost per Lb. U $0.025 03] 034 014] T | $0.01] 0| $0.002]
Total processing cost per LB uss ;l].l]sll 0.086 §l].l188| 0.050 0.050 $0.042 0.040 $0.034




Larger Diameter is Good

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

420L, 525L

Vessel Diameters




Power is Good

Machine Model

Speed - Processing Time AV-40X | AV-50X | AV-60X | AV-70X
Cycles per hour - 3 min hold 6.4 8.8 10 10.7
Cycles per hour - 2 min hold 7.1 10.3 12 13.1




Intensifier Pump

Reciprocating intensifier

Flow Infl



Full is Good

25Yrs ago!



Speed is Good

Automatic
Discharge

Semi-Avuto Loading

Auto Basket Tipper

Basket Cart (@,




HPP Future

"BULK HPP?2"

HPP + Temperature (PATS)

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

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”




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

PCT-SWATH

Biopsy tissue  PCT- PCT- Batch SWATH-MS

(0. 2—-2mg} MicroTube MicroPestle processmg
¥ N .

Barocycler
(Pressure Biosciences) (ABSciex)

TripleTOF g6oo

<12 hrs



Real Time HPP Scientific
Instrumentation

.............

Pressure
PB BioSciences

Inc.

Starting at
Atmospheric
pressure

.?H_Final5



Pressure
Papainase summary PB IBioScience
nc.

A. papainase digestion of BAPNA B. BAPNA negative control
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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

horseradish peroxidase conversion of synthetic substrate tetramethylbenzidine (TMB)
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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.



Thank you for your time

»Special thanks to JBT for some slides

Questions?e




