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Nano Bubble /Ozone

Technology



Micro-Nano Bubble System for Washing Fruits and Vegetables

Micro-Nano Bubble

yuaseutiisu (Size Comparison)

Water Tank Generator Washing Tank M -
i ®
(@uruquEnaTVIdURL Tulasuuida uluduida
~100 pm 1-100 pm <1lpm

AtUAUUG (Characteristics)
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(Bubble Generation) (Bubble Dispersion) (Cleaning Action) (Detachment) (Rinsing & Removal)
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Water IS §heared and air throughout the washing and penetrate into detach, lifting dirt away flow and discharged
is drawn in to generate tank. surface irregularities. from the surface. from the system.

micro-nano bubbles.

Us:lould (Benefits) n1siovau (Applications) wan1sav (Washing Performance)

@ rihaowanaldardn aonisuudoudunss dnd
Deep cleaning and microbial reduction

@ aomsldaisiai ikurdmsSurnmaliaa
Reduce chemical usage

@ snuvAtunw 3 NAU UazIgNISIAUSNEY
Maintain quality and extend shelf life
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Save water and energy wnlu

@ vUaooriy Wubasdedvudadou Leafy Vegetables
Safe and environmentally friendly

naasu 50 ppm TulasunTuduida
Tap Water Chlorine 50 ppm Micro-Nano Bubbles
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Cut Vegetables Berries
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Ozone System for Washing Fruits and Vegetables
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b (Ozone Generator) (Washing Tank) r N
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(Water Tank) 3 (Ozonated Water)
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Kannisniviu (Working Principle)
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Ozone

Technology
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Cold Plasma

Technology
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3 FORMS OF COLD PLASMA FOR FOOD INDUSTRY

MODE 2 — Plasma-Activated Water MODE 3 — Plasma-Activated Water Vapor
(PAW) (PAWV)

DBD Electrode Plasma Source Evaporator
+ Plasma Nozzle
' 1 ~
I ! ‘\

MODE 1 — Gas-Phase Plasma
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4 ! 1 %
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1
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Food Surface

Reactive species: O3, NOx Reactive species: O3, H202, NO2 ™, NO3™ Reactive species: H05, O3, NOx

How: DBD (Dielectric Barrier Discharge)

: ) ) : How: Plasma discharge passed into water — How: Water is evaporated, mixed with plasma
discharges reactive species directly onto food _ . . . . .
H,0,, NO,~, Os dissolve and remain active gas stream — reactive mist is sprayed or
surface i . .
Best for: Drv oroducts: spices. erains. meat Best for: Washing & sanitising fresh produce, nebulised
Y P pices, & ’ ’ seafood, liquid food — replaces chlorine wash Best for: Sterilizing equipment surfaces, fruit,

packaging film surface sterilisation el s

Surface (< 1 mm) Object washing Room / facility / equipment / product



Where Does Plasma Fit In The Food Production Line?

4y pAWY 4 Film 4y |n-pack

PAW & DBD ;
1’ / Plasma Air Surface treatment Plasma Treatment

Raw
Material
Incoming

Washing / Processing Packaging Storage /
Sanitising (Cut/Grind) & Sealing Distribution

& Wastewater Treatment

5 clear integration points — no need to redesign the whole line.
Drop-in PAW generator or DBD tunnel — replaces chlorine dosing system
PAWYV nozzle sterilises equipment surfaces and between batches
Inline film-treatment module before sealing
Plasma-dosed headspace inside modified atmosphere pack

Plasma decomposes chlorine by-products before discharge




MARKET SEGMENTS — WHERE COLD PLASMA CREATES VALUE

Meat, Poultry @ Bakery & Liquid Food
& Seafood Packaged Food

- (Juice / Dairy)

1. 8.0.8. 8 ¢ 1. 0. 8.8 8*¢ 1. 8.8 .8 8*¢

Sterilise surface
pathogens

Degrade mycotoxin
& pesticide residue

Kill insects across
all life stages

Remove pesticide
residue from
surface

Inhibit browning
enzymes

@ Extend shelf life —
replaces chlorine
wash, Water Saving

Surface pathogen
reduction (up to 5

log)

Extend shelf life

No heat —
preserves texture
and colour

1. 8. 8. 8 0*¢

Inhibit surface
mould growth

In-package
sterilisation after
sealing

Reduces need for
chemical
preservatives

1 8. 0 %04

Inactivate enzymes
— prevents
browning

Microbial
reduction without
heat

Preserves colour,
flavour and
nutrition




LIMITATIONS & REAL-WORLD CHALLENGES

10 Engineering Challenges

L
L3
&
&

Surface-only reach

Effective mainly within the outer surface layer.

Uniformity at scale

DBD dose varies across industrial-width conveyors

Wet surface products

Water absorbs reactive species before they reach
pathogens

Ozone off-gassing

DBD produces Os — enclosed spaces need
ventilation

Scale-up remains a challenge

cost, power supply and electrode geometry
all need re-engineering

Il

Commercial & Regulatory Challenges

No global standard yet

Each export market requires its own equivalence
dossier

High upfront capital

Costly equipment & power infrastructure

Sensory risk at high dose

Lipid oxidation in fatty foods — must re-validate per
product

Operator skills gap

High-voltage systems need electrical safety training
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Smart NIR Spectroscopy
Sorting

18



kann1snvuvavs:uu NIR as>daauaumwrnaznall

Data Acquisition System
HIE GoUire $:UUSIUSOUVoLa

N1sgANAUIIEY vs.
liey Near-Infrared > nmga:onﬁu
(780-2500 nm) Detector naunou

Spectrometer &

lluuv1aaINWIALD

Abscibsncs vs Waveleogth I

ntneaus:IiuAuNwW

5:& Diffusely Reflected Light

Light Absorption & Reflection g "a‘llatﬁou

msgAnduna:ns
a-rieuvaviiay

naunou
Computer & Software Moisture: 85%
Acidity: Medium
Firmness: High

PASS - Quallty Grade A

Brix: 13.5° (Sweetness)

nthoaus:I0URUNW
tU - INSARCUMW A
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COIOr

Q. inalulad NIR

Fruit sample

Model
verification
y
Final
outcome
"8\ Portable device
(4}

o @
0‘6

e /b;b' eq fruits with

Aroma

Sp«lrvm. eter

[lumination device
B

Position sensor 1
Motor

e Y i

Extract the ROI in
images
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(Magnetron Array)
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L (Supplements)
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e~ 4 - e
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«@ WdWuea ) lAlsfiuosA
) (Polyphenols): o A (Carotenoids):
L™ muoyyadds: dsssuenit

2\ A -
® - wnau (Pectin): @ @ EHHaUSER
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(Cosmetics)  (Food Additives))
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& anwuauAilunisunluldlus:auaaaiHnssu

A: Nano Bubble/Ozone B: Cold Plasma C: Smart NIR
AUIU OPEX: ;1 (luawiztuin Ea OPEX: sainn (naaulisiy AUU OPEX: U1unans (U313
WSIRUEMATSlULAA) a1 Usadannnnslaansiai ganAwIsuarnIsusualung)
ALAUNITRY: aANITUAEUUN ALAUNITRY: EADIYNITVUAIUY AALAUNTSIIU: A1UNSOLTULAAN

UaeAsa Yrgusendni 158 AANISANAULALINITIVDEY srAvevesnaliiosssuld
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