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Pulp extraction
and filtration

L2 S
Different
types of fruits /—
'@ ™
Conventional
thermal
processing
techniques
\ J

l

E.g. Pasteurisation,
Sterilisation

¢ Extended shelf life

e Loss in bioactive
compounds

¢ Change in sensory
properties

-

hermal or Non-thermal technologies?

.

Green non-
thermal
processing

techniques

~

J

l

li

E.g. Pulsed electric field, Pulsed

ght, Cold plasma, Hydrodynamic

cavitation, UV light

v

l

¢ Extended shelf life

¢ Better retention of
bioactive compounds

¢ High quality and
stable product

Emerging Green Processing Technologies for Beverages. DOI: https://doi.org/10.1016/B978-0-443-15732-5.00001-0



Thermal preservation processes

e Pasteurization

Mild temperature (~70-100°C)
Inactivation of disease-producing organisms

Destruction or reduction in the number of
spoilage organisms in certain foods

No effect on spores
Short-term stability

Additional preserving factors such as
refrigeration or low pH for long-term
effectiveness.

Minimal changes of the sensory
characteristics or nutritive value.

Process Controls

v HACCP plans — a minimum, a 5 log
reduction in a “pertinent
microorganism.”

v The “pertinent microorganism” is
the most resistant microorganism
of public health significance that is
likely to occur in the juice.

v LACF & ALACF exempt

AGRO-INDUSTRY



Thermal preservation processes

Sterilization
A,>0.85 A,<0.85
* High temperature (above 100°C)
>4.6 High heat No heating . !nacti\{ation of all forms of microorganisms
ired including spores
treatment require * Long-term preservation
to destroy spores
<4.6 Mild heat No heating
treatment required
to destroy
vegetative

cells

AGRO-INDUSTRY

Kasetsart University




Novel
Non-thermal Processing

g

PRESSURIZING

e High pressure processing ° (HPP)
Pulsed electric field ® (PEF)

e Ultraviolet light °

e Ultrasound (US)

* Cold or non-thermal plasma (NTP)

* High pressure homogenization ° (HPH)
« Membrane filtration °

e Ozone®

[
e

% In use by the Food Industry

Cell lyses
Protein unfolding

// Electroporation

Inactivates
pathogenic or
food spoilage

microorganisms

Contributes to food
safety

Safe and nutritious

. \ food
Cell wall
damage
DNA

Source: modified from Khan et al. (2017) Cell

Barbosa-Canovas (2022) =
Source: modified from Khan et al. (2017) Sh‘nnkage

denaturation

&)

1}

Mild temperature short time (MTST)
Mild temperature long time (MTLT)
High temperature short time (HTST)
High temperature long time (HTLT)

=

Conventional
Thermal Processing

Green technology: trends, advances, and future outlook in beverages

Heating

Novel
Thermal Processing

| Sample product to
be heating

« Ohmic heating (OH)°
« Microwave heating°

|
AGRO-INDUSTRY
Kasetsart University 6



Legislative consideration

Novel nonthermal processing Novel Foods

(NTP)

HPP

HPP/PEF/Ultrasound

Irradiation, UV radiation and
pulsed light (US FDA 2021).

Cold plasma

EU Regulation 258/97

EU Regulation 2015/2283

Since 2018, at the EU level,
HPP is no longer considered a

novel process.
EU Regulation 2073/2005

Pasteurization

Food additive
UV radiation: 21 CFR 179.39
Pulsed UV light: 21CFR179.41

No approved legislation or
regulatory guidance

Assoc.Prof.Pitiya Kamonpatana

European Union
https://food.ec.europa.eu/saf

ety/novel-food en

Great Britain, Canada,
Australia, New Zealand and
China

European Union

USA
USA

USA

> E
ot R I AGRO-INDUSTRY
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https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32005R2073&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32005R2073&from=EN
https://food.ec.europa.eu/safety/novel-food_en
https://food.ec.europa.eu/safety/novel-food_en
https://food.ec.europa.eu/safety/novel-food_en
https://food.ec.europa.eu/safety/novel-food_en
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Novel food processing techniques

PRESSURIZING

®

Tightening of
government
regulation

anwzilure991M3 WY dnwasUsng edula pH

Environment @
[ o |

gl wazszagIalunIsuinw
U540

SYAUNITAUNYD: Pasteurization 1158 Sterilization

|
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High-Pressure Processing (HPP)

H
AGRO-INDUSTRY
Kasetsart University



High-Pressure Processing (HPP)
Higch Hydrostatic Pressure (HHP) Processing

Ultra-High Pressure (UHP) Processing

MPa
0,08 ” Everest
0,1 Sea Level : { i ———
100 Mariana Trench
—Pressures between 100 and 800 MPa
HHP in Food -Short period, typically ranging from a
1000 Treatment - . :
millisecond pulse to several minutes (3-5 min)
—Temperature <45°C (khalig et al., 2021)
ﬂ
s I Rebetants Uniataty:
Centre of
360000 Earth

Assoc.Pitiya Kamonpatana ,
https://www.thyssenkrupp-industrial-solutions.com/high-pressure-processing/en/what-is-hpp Go mez et al. (2021) 10



HPP in-pack processing

End Closures Packed foods

1. Baskets loading 2. Low pressure water filling

.

Pressure Vessel e 2
Pressure Transmitting Liquid

(water)

Carrier Basket
3. Rising pressure

Containers with packed Water filling and pumping into Few minutes treatment inactivates System is decompressed and
products loaded into vessel vessel up to 6000 bar microorganisms safe product is ready for you!

Assoc.Pitiya Kamonpatana m

Houska et al. (2022)




High-Pressure Processing (HPP)

Adiabatic heating (compression heating)

Pressure
Temperature

&

o
s .|
I AGRO-INDUSTRY tS t1

Kasetsart University

Bigi et al. (2023) Come-Up Holding

Decompression

https://foodsafetytech.com/feature_article/hpp-achieve-high-standards-food-safety-without-compromising-food-quality/

https://apfoodonline.com/industry/high-pressure-processing-a-powerful-tool-for-the-food-beverage-industry/ Assoc. Pitiya Kamon patana

https://www.profoodworld.com/home/article/21114106/juice-maker-expands-with-high-pressure-processing 12
12 https://www.intechopen.com/books/fuel-ethanol-production-from-sugarcane/high-hydrostatic-pressure-process-to-improve-ethanol-production




HPP food products
Worldwide distribution of industrial HPP

Liquid Sold Paste-like machines by food sectors (updated: 2020)

Dairy products Pet food
2% 1%

R&D
5%

Ready-meals
2%

Dips, Salsa & Salads
4%

Fruit & Vegetable
products
6%

AGRO-INDUSTRY .,
I KaGsegan LJ:\J\/ermty Gonza |eZ-Angu|0 et al (2021)

Assoc.Pitiya Kamonpatana 13

http://functionalfoods.biz/wp-content/uploads/2014/09/High-Pressure-Processing-Market-Trends-2011-Dr-Ranjan-Sharma.pdf


https://www.thyssenkrupp-industrial-solutions.com/high-pressure-processing/en/what-is-hpp
https://www.thyssenkrupp-industrial-solutions.com/high-pressure-processing/en/what-is-hpp
https://www.thyssenkrupp-industrial-solutions.com/high-pressure-processing/en/what-is-hpp
https://www.thyssenkrupp-industrial-solutions.com/high-pressure-processing/en/what-is-hpp
https://www.thyssenkrupp-industrial-solutions.com/high-pressure-processing/en/what-is-hpp
https://www.thyssenkrupp-industrial-solutions.com/high-pressure-processing/en/what-is-hpp
https://www.thyssenkrupp-industrial-solutions.com/high-pressure-processing/en/what-is-hpp
https://www.thyssenkrupp-industrial-solutions.com/high-pressure-processing/en/what-is-hpp
https://www.thyssenkrupp-industrial-solutions.com/high-pressure-processing/en/what-is-hpp

HPP in-bulk processing

1- Filling freshly squeeze juice 2- Filling juice in processing pouch
into pre-processed juice tank inside high pressure vessel

3- Pressurization up to 87,000 psi 4- Inactivation of microorganisms
(600 MPa) during few minutes during pressurization

Inactivation of microorganisms

5- Unloading HPP juice from processing 6- HPP juice send to filling / bottling
pouch to the aseptic / ESL tank line

mimm; m

Kasetsart University

I AGRO-INDUSTRY

Houska et al. (2022)



Cold Pressure Council

a “Cold Pressure Council” was established in the United States
with the mission statement “to lead, facilitate, and promote
industry standardization, user education, and consumer
awareness of high pressure processing.”
https://www.coldpressurecouncil.org/

High Pressure Processing (HPP) Benefits

PRESSUR

ColdPressureCouncil.org
571.612.3190 |info@coldpressurecouncil.org

’ Assoc.Pitiya Kamonpatana I
Barbosa-Ca'novas et al. (2022) @ [§] ==
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HPP: Commercial application worldwide

ORANGES
PRESSEES

France chooses HPP technology to serve refrigerated and

Coca_C0|a and Suia announce an agreement to expand Organic SUStaInab|e IUICGS on ItS hlgh-SpEEd traInS (TGV) - Hlperbarlc
Cold-Pressed HPP Juices market - Hiperbaric

u
I AGRO-INDUSTRY

Kasetsart University

Kasetsart University
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https://www.hiperbaric.com/en/coca-cola-and-suja-announce-an-agreement-to-expand-organic-cold-pressed-hpp-juices-market/
https://www.hiperbaric.com/en/coca-cola-and-suja-announce-an-agreement-to-expand-organic-cold-pressed-hpp-juices-market/
https://www.hiperbaric.com/en/coca-cola-and-suja-announce-an-agreement-to-expand-organic-cold-pressed-hpp-juices-market/
https://www.hiperbaric.com/en/coca-cola-and-suja-announce-an-agreement-to-expand-organic-cold-pressed-hpp-juices-market/
https://www.hiperbaric.com/en/coca-cola-and-suja-announce-an-agreement-to-expand-organic-cold-pressed-hpp-juices-market/
https://www.hiperbaric.com/en/coca-cola-and-suja-announce-an-agreement-to-expand-organic-cold-pressed-hpp-juices-market/
https://www.hiperbaric.com/en/coca-cola-and-suja-announce-an-agreement-to-expand-organic-cold-pressed-hpp-juices-market/
https://www.hiperbaric.com/en/coca-cola-and-suja-announce-an-agreement-to-expand-organic-cold-pressed-hpp-juices-market/
https://www.hiperbaric.com/en/france-chooses-hpp-technology-to-serve-refrigerated-and-sustainable-juices-on-its-highspeed-trains-tgv/
https://www.hiperbaric.com/en/france-chooses-hpp-technology-to-serve-refrigerated-and-sustainable-juices-on-its-highspeed-trains-tgv/
https://www.hiperbaric.com/en/france-chooses-hpp-technology-to-serve-refrigerated-and-sustainable-juices-on-its-highspeed-trains-tgv/
https://www.hiperbaric.com/en/france-chooses-hpp-technology-to-serve-refrigerated-and-sustainable-juices-on-its-highspeed-trains-tgv/
https://www.hiperbaric.com/en/france-chooses-hpp-technology-to-serve-refrigerated-and-sustainable-juices-on-its-highspeed-trains-tgv/
https://www.hiperbaric.com/en/france-chooses-hpp-technology-to-serve-refrigerated-and-sustainable-juices-on-its-highspeed-trains-tgv/

HPP: Commercial application in Thailand
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Legislative consideration-
Thailand-HPP
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LONa1INLNeLEY 3.1-1
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(High-Pressure Processing (HPP))

1. nasivhludwmsunisudsdiviuniswiaslsd dae HPP

Adwalulad HPP dwisunsyuiunsrnaeslsd unumsldanudeu wisldswiurmusou woadu 2
ngugey muinausian pH Aenguinilunse (pH < 4.6) waznguindunsasin (pH >4.6)

NeunARA U

WIAADS

g1

nansusinsau
uslnavin
Wal N8 pH <

AN1ENITAUTAYINOUNITNIALLD
Isd

Initial load lsitAu 10°cfu/e wazifurigamgili
\fiu 10°C

annzluniswaaalsd*

a6 - nusuAmTuNIsAWe LA 400 MPa July
- svggnalgsEninanaaalsd | 120 uil way deslinan1sAnwInandItE@Iunse
(Holding time) anydunidneling1ede** lalidesnin 5 log
reduction)
=3 s @ o (=Y
anznsiusnevasnaaalsd laitfiu 5°C
218Uy AuNaNMsANYIEIENRAUInYIvIMaRi
=3 L2 ol 1 o I = 6 dl = [}
Haadusinien | annizn1siuinwineuniswiaiae | Inital load Lty 10 cfw/e Taewiunigamgilli

uslanaviin
Wi 913 pH >
4.6

Isd

WY 10°C

anngluniswiaalsd®
- nusudmTuNsnawalsd

600 MPa 3wl

- szgEnanlgsEvIanIaalsd
(Holding time)

3-20 W9I_LazAadliNan1sAN I NLERsINaILIse
anydunsdnalsnansde** lalddesnin 5 log

reduction)

annsmafusnwmdmnaislsd

Taiifiu 5°C

ggmsiusn

muran1sAnweeMaAuinwvewaEndue
(Fosiluanisnsaadinsisiiiaqdunid
Clostridium botulinum Alanse gAY
sidasae)

18



il

Pulsed Electric Field (PEF)
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Pulsed Electric Field (P_

® High electric field strength (10-80 kV/cm) S |
Power supply
® Short electric pulses (a range of microseconds e

to milliseconds) | Capacitor

|

* Moderate temperature (<50°C ) L =
Frrrerrroy | switch |
® Batch or continuous treatment chamber A L I

Microbial inactivation Flow rate

Minimal or no detrimental effect on food  €mperature___, gbg —
quality attributes J

3

W materia reated produ

=M E ®
K, AGRO-INDUSTRY
; I Kasetsart Univarsity Assoc.Pitiya Kamonpatana

Raso and A" lvarez (2016)



PEFK: Application

* Preservation of foods
* Beverages
* Dairy and egg products
* Beer
* Vegetable oils
* Soups
* Sauces
* Dressings
* Yogurt
* Pudding
* Marinades
* Baby foods

* PEF-assisted cell expression

and extraction

http://www.pulsemaster.us/pef-products

Assoc.Pitiya Kamonpatana 21
http://www.foodengineeringmag.com/articles/89902-fresh-juice-processor-automates-pasteurization-with-continuous-process



PEF: Products

FRESHER TASTE, BETTER COLOUR
AND LONGER SHELF LIFE WITH

ELEA COOLJUICE™ 30

25 - 4

20 -~

15 -

10 +

Vitamin C [mg/100 mL]

.. . teurized PEF HHP th lly pasteurized
Fresh green juice PEF treated juice alEpaaree Juice ermally pasteurize

Thermal treated juice

I = I
a2 s I AGRO-INDUSTRY

https://www.dlg.org/en/food/topics/dlg-expert-reports/food-technology/dlg-expeftsfgsarttB2¢E@1onpatana Moussa-Ayoub et al. (2017) 22
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Diversified Technologies, Inc.
(DTI): 1,000-5,000 liters/hour

Pulsemaster
300-5,000 liters/hour

PurePulse
600—-1,800 liters/hour

Elea
Up to 5,000 liters/hour
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Juices & Smoothies | Boost Your Beverages —
Elea PEF electroporation

L
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http://www.thedairysite.com/articles/3710/p
ulsed-electric-fields-in-food-production/



http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
http://www.thedairysite.com/articles/3710/pulsed-electric-fields-in-food-production/
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https://www.eleapef.com/juices-and-smoothies
https://www.eleapef.com/juices-and-smoothies
https://www.eleapef.com/juices-and-smoothies
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PEF food products

See Elea's award-winning Smoothcut One PEF-system at Anuga FoodTec | PotatoPro

Juices pasleumed by PEF ar
by Genesis Juice Co

CONTAINS 100% JUICE =

CORTMSIE AT ﬁNESI B s

CROWNAPILE JUKCE AND 12% Cortaboes 2 +

MG STROWBERRY UK. ANICALLY G, —'E,'m——-_... E |
k WBERRY e = Y Irpemnay ot o i AL L o»w g:'—ﬁ' e

$ STRAWBER S - STRAWBERRY 1 Loyt
L uoNEY - | : ot JUICE E

[T ———
o0 ediom b oy

-
-

. .
B okt
(ol W Fod e

2 odere
Net 18 11 ox. (1 Finl 20¢) 532 ml. P T

UGA FoodPIC partners with industry to make the perfect orange juice | CAES Newswire

“In a glass by Mseifl
|
AGRO-INDUSTRY
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PurePulse makes it possible to give fresh fruit juices a 21-day long shelf life
while preserving their natural vitamins, aromas, colours and flavours.

Pulsed Electric Field Processing Applications in the Food Industry | Ohioline



https://newswire.caes.uga.edu/story/10058/satsuma-orange-juice.html
https://newswire.caes.uga.edu/story/10058/satsuma-orange-juice.html
https://newswire.caes.uga.edu/story/10058/satsuma-orange-juice.html
https://www.potatopro.com/news/2018/see-eleas-award-winning-smoothcut-one-pef-system-anuga-foodtec
https://www.potatopro.com/news/2018/see-eleas-award-winning-smoothcut-one-pef-system-anuga-foodtec
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https://www.potatopro.com/news/2018/see-eleas-award-winning-smoothcut-one-pef-system-anuga-foodtec
https://www.potatopro.com/news/2018/see-eleas-award-winning-smoothcut-one-pef-system-anuga-foodtec
https://ohioline.osu.edu/factsheet/fst-fabe-1002
https://ohioline.osu.edu/factsheet/fst-fabe-1002

Peeled

embrane permeaboilization

Control

0.2 kV/em

0.3 kV/cm

0.5 kV/em

before electroporation

¥l LI

after electroporation
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PEF-assisted ce” expression and extraction

Untreated PEF generator Tratment cell

87
B

“Elastic rubber
Mabie electrode

PEF

Sample
* Staticnary gauze electrode

s Filter cloth

-~ Juice

Simple laboratory device for PEF-assisted pressing.

@
OF “gthiat

Microscopic images of the red beet tissue after aqueous extraction

A pilot belt press used for PEF-assisted expression from the sugar beets.



Ultraviolet Light (UV)
Pulse UV Light (PUL)

Pulsed Light(PL)
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UV/Pulse UV light/Pulsed-light system

* The light produced by the lamp includes broad spectrum wavelengths from UV to
visible light (400-700 nm),

near-infrared (100 to 1,100 nm):
and infrared (700-1,100 nm).

* The wavelength: 100 and 400 nm belongs to UV irradiation— UV A (315-400 nm)

UV B (280-315 nm) UV C (200-280 nm)

* In 2000, the US FDA amended the food additive regulations to provide for the safe
use of UV radiation at a wavelenath of 253.7 nm (Koutchma. 2021)

The Energy Spectrum

Radio | Micro | Infrared Visible | Ultra
Waves Light | Violet

Q—LoUreq uw{/\/j\\}/ s oy
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- 1

=

e
e

lonizing Radiation
‘X-Rays/Gamma Cosmic’
Rays | Rays
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Continuous UV light has several
disadvantages, such as poor penetration
depth and low emission power, whereas PL
sterilization has comparatively higher
penetration depth and emission power.

Xenon lamps are commercial sources of PL
that are more environmentally friendly than
UV lamps because they do not use mercury
(Koutchma, 2017).

PL treatment is more effective and rapid for
microorganism inactivation than continuous UV

light, because the energy is multiplied manifold
(Food and Drug Administration 2000; Dunn et al.

1995)

In general, temperature increase of products
exposed to PL is much lower and localized in a
thinner surface layer than that of an equivalent
continuous UV light treatment, due to the short
duration of pulses.



UV/Pulse UV light/Pulsed-light system

Control panel

Untreated
sample

Waterlice
bath

Quartz chamber

Peristaltic
pump

Water/ice
bath

Sample

Treated
sample

Treatment chamber
I

Out

|

Flashiamps

Laminar regime

Reflective surface

!

4+ Product circulation pump

Inner
fluid flow

Outlet T l Inlet

Lamp OCO0C00000000000000000000

() )
@00 000 0060 0000000000000

Outflow

Axial flow

u
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Inner rotor
(rotating cylinder)

—> UV-C Lamp

> Aluminium reflector

Fluid gap
Outer stator
(stationary cylinder)

, Stainless steel
cylinder

Quartz cylinder

Low pressure
UV-C lamp



https://taizyfoodmachines.com/uv-sterilizer/

UV food products

Grape juice

Watermelon juice

Grape juice-Control

—

Grape juice-PL11-CT

ER—

Watermelon juice-Control

»‘m—‘

Watermelon juice-PL11-CT

Maximum AE =4

Total anthocyanins
Total phenolics
Antioxidant capacity

Vitamin C

Trans-resveratrol
Tycopene content

Pratap-Singh and Mandal (2024)

Maximum AE = 2

PL > Conventional heating

Claranor - Food & beverage Pulsed Light and UV packaging sterilization

Assoc.Prof.Pitiya Kamonpatana

Coconut water

ESEE

Donsingha and Assatarakul (2018)

Conventional pasteurization

Color— Day 6

-

Microbial count — Day 5

uv 3.2J/mL
Color — Day 10

Microbial count — Day 11

-

—
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https://www.claranor.com/en/solutions-2/sterilization-of-food-beverage-packaging-by-pulsed-light/
https://www.claranor.com/en/solutions-2/sterilization-of-food-beverage-packaging-by-pulsed-light/
https://www.claranor.com/en/solutions-2/sterilization-of-food-beverage-packaging-by-pulsed-light/
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Starbucks Picks Up Sol-ti

— = -

Natural Products News Briefs:

Wellness Shots Sol-ti Expands Product

June 06, 2025

Sol-ti Press

Availability

o
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Ex-Pressed Juicery Chief Kalra Joins Sol-ti as President and CEO - BevNET.com

Organic Living Beverages® from Sol-ti® | San Diego, CA, USA Assoc.Prof.Pitiya Kamonpatana

Kasetsart University
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Starbucks and Sol-ti

\.
Partnered

for Two New Wellness

Refreshments

WARNING LETTER
March 16, 2023
WL 653764
Dear Mr. O'Donnell:

The United States Food and Drug Administration (FDA) inspected your facility, located at
8380 Miralani Dr, Ste A, San Diego, CA 92126 from December 19, 2022, through February
8, 2023. We found that you have serious violations of the juice Hazard Analysis and
Critical Control Point (HACCP) regulation, Title 21, Code of Federal Regulations, Part 120
(21 CFR Part 120). In accordance with 21 CFR 120.9, failure of a processor to have and
implement a HACCP plan that complies with the requirements of 21 CFR Part 120 renders
the juice products adulterated within the meaning of Section 402(a)(4) of the Federal
Food, Drug and Cosmetic Act (the Act) [21 U.S.C. § 342(a)(4)]. Accordingly, your ready-to-
drink (RTD) juice products and juice ingredients are adulterated in that they have been
prepared, packed, or held under insanitary conditions whereby they may have been
rendered injurious to health. You may find the Act, the juice HACCP regulation, and the
Juice HACCP Hazards and Controls Guidance through links in FDA's home page at
www.fda.gov.

We received your response, dated February 28, 2023, concerning the FDA 483. After
reviewing the inspectional findings and your response, we are issuing this letter to advise

you of FDA's remaining concerns.
QUITLILTTIIL. -~ 0D202/04 -~ VUD/ LU/ LULD |

22
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https://solti.com/?srsltid=AfmBOop8RlfyqutAGWQamKa7ci-8Ldi8rg0kMPofJ87p-gTV8jXMZIVh
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https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/warning-letters/sol-ti-inc-653764-03162023#:~:text=The%20United%20States%20Food%20and,at%20www.fda.gov.
https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/warning-letters/sol-ti-inc-653764-03162023#:~:text=The%20United%20States%20Food%20and,at%20www.fda.gov.
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https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/warning-letters/sol-ti-inc-653764-03162023#:~:text=The%20United%20States%20Food%20and,at%20www.fda.gov.
https://solti.com/pages/sol-ti-press?srsltid=AfmBOoqtkov2tLn2aO4Yute8f2OqzDLMnvLM3m5Pximh2v6BJIPADIzM
https://solti.com/pages/sol-ti-press?srsltid=AfmBOoqtkov2tLn2aO4Yute8f2OqzDLMnvLM3m5Pximh2v6BJIPADIzM
https://solti.com/pages/sol-ti-press?srsltid=AfmBOoqtkov2tLn2aO4Yute8f2OqzDLMnvLM3m5Pximh2v6BJIPADIzM
https://solti.com/pages/sol-ti-press?srsltid=AfmBOoqtkov2tLn2aO4Yute8f2OqzDLMnvLM3m5Pximh2v6BJIPADIzM

Safe use of UV/ Pulsed UV light/Pulsed-light system

* Radiation sources consist of xenon flash lamps consisting
of wavelengths covering the range of 200 to 1000 nm.

* Pulse duration is no longer than 2 ms.
* PLis used for surface microorganism control

* Foods treated with pulsed light shall receive the
minimum treatment reasonably required to accomplish
the intended technical effect

e Total cumulative treatment shall not exceed 12.0 J/cm?
for PL-food treatment as FDA recommended .
Koutchma (2017)




Limitations of UV/PUL/PL

LR Uinid radical , Aldehydes Volatile compounds causing
: i\b m Ketones undesired smell and taste
+ +0,

: Carboxylic acid

=8 . Vitamins (A, B2, B12, E, D, K), carotenes and colorants are also
; ,y. A0 ’.'-:. F f t ) V4 7 ] V4 ? V4 V4
S Furan formation susceptible to UV light

Ring °*’°""f‘> Poorly defined
Structure

Proteins
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Novel {))
Non-thermal Processing

High pressure processing (HPP)
Pulsed electric field (PEF)
Ultrasound (US)

Ultraviolet light

Cold or non-thermal plasma (NTP)
High pressure homogenization (HPH)
Membrane filtration

Cell lyses

Protein unfolding

|

=T
= feod ] 2 ]

Conventional
Thermal Processing

Mild temperature short time (MTST)
Mild temperature long time (MTLT)
High temperature short time (HTST)
High temperature long time (HTLT)

/ //, Electroporation

Inactivates Contributes to food
pathogenic or safety
food spoilage

microorganisms v "

\ . f::ﬁ.:'mw :
Cell wall
\ damage V

: DNA
~ Cell denaturation
shrinkage

Green technology: trends, advances, and future outlook in beverages

Novel
Thermal Processing

[ Sample product to
| be heating

* Ohmic heating (OH) y

* Microwave heating

AC power
supply
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Ohmic Heating
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Ohmic Heating (OH)

Voltage current

VYe

v It is also possible to heat materials at extremely rapid rates.

v Electrical energy is dissipated into heat.

v OH produces an inside-out heating pattern.
37



Continuous-flow Ohmic Heating system-Ohmic UHT

Product outlet

Product inlet

High Product Quality: T vitamin C > 5 times
@ High Process Efficiency: J Fouling 90%

@ High Energy Efficiency: 92-95%

o Clean Energy

38

Product Temperature (°C)

Product Heater

Product Cooler

Container
Sterilizer

Tubular

AGRO-INDUSTR
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60

Time (minutes)

Vignali et al. (2022)



Commercial continuous-flow ohmic heating system

Approval of APV Ohmic
heating technology for the

production of ambient
stable low acid ready

meals in the UK

FDA in the United States
approved the Ohmic

heating technology for
low acid fluids containing

particulates

I ] I
I AGRO-INDUSTRY

v The full commercialization of Ohmic heating technology depends in
FOOD part on the development of adequate safety and quality-assurance

protocols in order to obtain an approved filing of the process with the

FDA for all possible food materials (Ye et al., 2003).




OH food products

G =

PR

Q) AGRO-INDUSTRY
e Kasetsart University

FO =6 Min

] . KU Ohmic Lab
63% (25.98%) 10% (4.04°)

Vitamin C
(mg/100ml)

F, =6 min
| ‘ Fresh sugar cane juice KU OhmIC I_ab
Phenolic content 63% 44%

74°C for 15 s KU Ohmic Lab
Tyrosol 97% 90% Zulekha et al.
Phenolic content 97% 93% (2018)

Ohmic heating




Examples of commercial ohmic heating systems

Constructor Applications

(Specified by the Constructor)

Alfa Laval Fruits and derivatives, vegetables, prepared foods, cheese, liquid
eggs, ready-to-eat dishes, sauces, and juices
m Liquid egg and egg white

Emmepiemme Fruits and derivatives, vegetables, dairy product, egg products,
algae, syrups, sauces, and ready-to-eat foods
|\ Ibrael 1T e = 8 Liquid products including chunks and highly viscous foodstuffs

el Heating System
‘ (1PS)

S ARG E | Fruit preparations and dressings with high fruit content (also
sterile, for pH-neutral products)

JBT Corporate Liquid, semi liquid, concentrated, and highly viscosity products
containing fibers, small cells and featuring high viscosity such as
puree and soups
Fruit preparations and fruit jam with dices
_ N Soup and sauces including products containing large size
The 5kW pilet scale ohmic heating system by APV Baker, Ltd. (Courtesy of .
e particles, 50-70 mm

CFT group Fruit and vegetables (whole, diced & purees, juices) fruits, pulps,
atet Untvoaty juices, smoothies soups, ready meals, sauces like cheese-based
sauces and white sauces jams with particles

SterilOhm APV Baker, Ltd.

Ohmic heating units for the food, dairy and beverage industries
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New Heating Technologies Open Up Opportunities For
Campbell And The Soup Industry

Bv Isaac Fletcher, contributing writer, Food Online

Innovations currently in development
could allow soup manufacturers’ final
product to better retain color and nutrients

In order to eliminate pathogens during canned
soup production, soup is held at a high
temperature and then cooled. This process,
though a necessary one, ends up depleting the
final produect of nutrients and altering the soup’s
color. However, the development of new
technologies could provide a solution that still =

meets sanitary standards and leaves the final product with more nutrients, flavor, and appetizing color.

One of these technologies, - heating, has been used in the dairv industry for sterilization, but

mgﬁ:g:’e:"ps with Campbell Soup is experimenting with applving the process to aseptic soups and juices. In an Ohmic
commerciallzed by heating process, electricity is run through the food in order to heat it up. Dave Watson, vice-president of
Ulz‘“lew: since 2011 engineering for Campbell Soup/Pepperidge Farm says that Ohmic heating applied to aseptic products
-Polan

would result in a faster, more efficient sterilization process — when compared to conventional retort
heating — and leave soup with a firm, al dente bite.

https://www.foodonline.com/doc/new-heating-technologies-open-up-opportunities-for-campbell-0001

Peeind tomaloes in pouch teoted by
Ohmic hecter

The majority ot diced paach mads n
Greece ame processed by Ohmic heater

hitp://www.freshplaza.com/article/113389/France-Campbells-launches-vegetables-in-CombiblocMidi

http://ohioline.osu.edu/fse-fact/0004.html

Nitp:/fwww.canadianpackaging.com/packpress/campbell-uses-carton-pack-for-soups-in-france/ https://www.academia.edu/41158031/OHMIC_HEATING_RECENT TECHNOLOGY_IMPROVEMENT_AND_OVERVIEW_OF LATEST APPLIC
ATIONS WITH ASEPTIC PACKAGING MASSIMO ZONCA INDEPENDENT EXPERT ON_FOOD PROCESS and PACKAGING
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Commercial ohmic heating units for laboratory, pilot scale or industrial application

ere
Sous Chef Ltd 1989 UK 75kw Prepared meals of meat and vegetable (5, Nestlé Food Service NA  US,MO 300 kW Shelf stable low acid beef stew and ravioli

(H.J. Heinz division)

Confidential NA
Confidential NA

Advances Food 1992
science (AFS)
Land O’Lakes

Europe 75 kW

Europe 300 kW

Us, IL 50 kw

10, 25 L bulk packaging)

High acid products such as fruit in syrup
and vegetables and meats

Low acid particulate foods

R&D assistance for product development, a

continuous system

Division
“Chef Mate brand”
CTCPA

Dury-les-Amiens

uTC

Compiégne

France

France

in #10 can packaging

Pilot scale installation. Aseptic tank of 150
and 20 L bags in box

Capacity of 1 ke per batch at a laboratory

scale

Testing facilities for a full range of products

Odin Packaging NA [taly NA  NA
System, Parma

EPRI, Palo Alto 1996 US, CA NA

Ohio State Un. 1993 US,OH 60V, Liquid, solid, and mixture
60 Hz

NCFST/FDA/APV 1994 US,IL 5 kW Dynamic batch Ohmic heating unit for

Bedford Park research tests Agriculture Canada 1999 Canada 5kW  Continuous liquid and solid food

Nissei Co0 Wildfruit NA Japan 75 kw High acid particulate foods such whole Food 0-30 kH

Liquid, batch, and continuous system

division strawberries in syrup (10 L units or 10 kg NRes. Center

Centro di Tramariglio 2001 ltaly 50 kW Continuous aseptic Ohmic heating system

(1 of 6 Ohmic heaters) bags in box)

Confidential NA  Japan 75 kW Prepared meal
Sala Baganza, Parme 2002 Mexico 250 kW NA
Confidential NA  Japan 300 kW High acid particulate foods
Société cofidentielle 2003 France 20 kW Product containing meat
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Rodrigues et al. (2021)



Commercial continuous-flow a1

ohmic heating system

Sterideal® Ohmic

ystems - Sterideal® Ohmic Heat Exchanger [A355]




Microwave heating

Electromagnetic Wave

Propagation
Electric Direction £

—

Field (E)

Magnetic
Field (8]

[ |
I AGRO-INDUSTRY Pressure-Assisted Thermal Sterilization Validation | SpringerLink

Kasetsart Universit
Y Pressure-assisted thermal sterilization of avocado puree in high barrier polymeric packaging - ScienceDirect



https://www.sciencedirect.com/science/article/pii/S0023643821021137
https://www.sciencedirect.com/science/article/pii/S0023643821021137
https://www.sciencedirect.com/science/article/pii/S0023643821021137
https://www.sciencedirect.com/science/article/pii/S0023643821021137
https://www.sciencedirect.com/science/article/pii/S0023643821021137
https://link.springer.com/chapter/10.1007/978-1-4939-3234-4_29
https://link.springer.com/chapter/10.1007/978-1-4939-3234-4_29
https://link.springer.com/chapter/10.1007/978-1-4939-3234-4_29

Microwave heating

& m
R I AGRO-INDUSTRY
e Kasetsart University

® Absorption of microwave energy in the food :

® lonic polarization
A1slwanlsieTureId oy .

® Dipolar rotation

mﬁmumaﬂmsﬂsuﬂauﬁﬁ%

Wit matmg Electric Field

Sodium
ion

Chlorine
ion

Water "!
Molecule

Hydrogen
I Oxygen P @\ '
)

Rotation
L}
Mechanisma of microwave interaction with food. (a) Tonic; (B) dipelar,

US Federal Communication
Commission (FCC) allocates
Microwave

® 2450 MHz for home type ovens

® 915 MHz for industrial use

W)i\ AAA I f %A AA
Yy Ii YvyYy

https://wwW.youtube.com/watch?v=6-J4RRI7t1o
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Continuous flow microwave processing

|
AGRO-INDUSTRY
Kasetsart University

Tomato vegetable soup with a total amount
of 15% discrete food particles

Symbols

() RTD Temperature Sensors

& Holding Tubes ® 3 Point Windridge
' = 00 Thermalytics Sensors
j S— - 08 | O Outside of hold tube
P ————e0® | @ Hold Tube
: ::—m
(m
§ a
— == |
g a
—1 = | ( g Cooling Tubes > o
Microwave Heaters R g Eiect.ion Magnetic
[ 0 D‘;‘";“ Trap
1, o — I
Back Pressure
Feed Pump
Flow Tank
Panel
|; Particle j| """""""""""
Injector _____| Sterilization
Cooler
Piston Mag
Pump Trap

Sawale et al. (2024)

300 kW, 915 MHz installation AseptiWave (second-

generation continuous flow microwave technology)
at Wright Foods (Troy, NC).

Simunovic and Sandeep (2022)
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Current range of commercial offerings of continuous flow microwave
processing (heating, pasteurization, sterilization) at different scales produced
by SinnovaTek (Raleigh, NC).

Continuous flow microwave processing

)

1
K
 —

2450 MHz ~1 ton per day 915 MHz ~1 ton per hour 915 MHz ~4 tons per hour

Simunovic and Sandeep (2022) 48



Continuous flow microwave processing

Variety of consumer and food service products commercialized using
AseptiWave (second-generation) technology at Wright Foods (Troy, NC).

* A line of vegetable soups in
aseptic cartons

* A line of 100% aseptic fruit

purees 1n cartons

A #10 can replacement aseptic bag
of banana puree

* A line of 100% aseptic fruit

. : 8 smoothies

e i i * A line of vegetable purees/soup
R —— starter blends for food service in

aseptic bags.
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Kasetsart Unijversity




Challenges and Solutions

« Challenges:
- High initial investment in technology.
- Limited awareness among food producers.

e Solutions:

- Government and industry incentives: Financial
support (grants, subsidies and tax breaks)->reduce the
financial burden for businesses investing in advanced
technologies.

- Training and capacity-building programs->build
confidence and encourage widespread adoption.

- Partnerships between government and industry
stakeholders->foster innovation and create a favorable
environment of adoption.
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Novel food processing technique?

KU ® B AGRO-INDUSTRY
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regulation
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