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Impact on several quality attributes

The problem is... Heating!
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little loss of: 
- colour
- flavour
- texture
- nutrients

NON-THERMAL TECHNOLOGIES

…but still  retaining the desired shelf-life and saf ety!
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Pulsed Electric Fields Exposure of food to an intense electric field by me ans 
of controlled pulses of high voltage

Ohmic Heating Generation of heat inside the food as a consequence  of 
Joule effect

Radio Frequency Exposure of food to electromagnetic waves in the 
radio-frequency range

Microwave Exposure of food to controlled microwaves

High Pressure Short-time exposure to extremely high pressure (up to 
5000 bar)
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Super Critical CO 2 Contact of food with CO 2 at supercritical pressure

Ozone Exposure of food to ozone

Ultrasonication Exposure of foods to ultrasounds (US)

US + mild temperatures (T) ���� thermosonication

US + pressure (P) ���� manosonication

US + T + P ���� manothermosonication

UV-C Exposure of food to controlled pulses of UV rays
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ModelModel � mathematical expression

i=1,2,...,n (number of experimental runs/observations)

j=1,2,...,v (number of independent variables)

k=1,2,...,p (number of model parameters)

yi = f(xij, θk) + εi
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ModelingModeling and and SimulationSimulation

MakesMakes itit possiblepossible to:to:
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MATHEMATICAL MODELLINGMATHEMATICAL MODELLING



ModelingModeling and and SimulationSimulation

MakesMakes itit possiblepossible to:to:
GainGain more more knowledgeknowledge aboutabout thethe processprocess and and thethe

effectseffects onon thethe productproduct;;

ReduceReduce thethe numbernumber ofof experimentsexperiments inin thethe

developmentdevelopment stagestage;;

MATHEMATICAL MODELLINGMATHEMATICAL MODELLING



ModelingModeling and and SimulationSimulation

MakesMakes itit possiblepossible to:to:
GainGain more more knowledgeknowledge aboutabout thethe processprocess and and thethe

effectseffects onon thethe productproduct;;

ReduceReduce thethe numbernumber ofof experimentsexperiments inin thethe developmentdevelopment

stagestage;;

Optimize Optimize thethe processprocess withwith respectrespect to to differentdifferent

parametersparameters, , suchsuch as as qualityquality;;

MATHEMATICAL MODELLINGMATHEMATICAL MODELLING



ModelingModeling and and SimulationSimulation

MakesMakes itit possiblepossible to:to:
GainGain more more knowledgeknowledge aboutabout thethe processprocess and and thethe

effectseffects onon thethe productproduct;;

ReduceReduce thethe numbernumber ofof experimentsexperiments inin thethe developmentdevelopment

stagestage;;

Optimize Optimize thethe processprocess withwith respectrespect to to differentdifferent

parametersparameters, , suchsuch as as qualityquality;;

StudyStudy thethe influenceinfluence onon thethe productproduct duringduring

processprocess disturbancesdisturbances..
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ModelsModels shouldshould::

predict the response variable accurately

MATHEMATICAL MODELLINGMATHEMATICAL MODELLING



ModelsModels shouldshould::

predict the response variable accurately

adequacyadequacy of the model

MATHEMATICAL MODELLINGMATHEMATICAL MODELLING



ModelsModels shouldshould::

predict the response variable accurately

adequacyadequacy of the model

parametersparameters qualityquality
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� Mechanistic models are more complex, but in 
general allow accurate predictions

� Empirical models are much simple, but usually 
are appropriate to limited practical uses 
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� Mechanistic models are more complex, but in 
general allow accurate predictions

� Empirical models are much simple, but usually 
are appropriate to limited practical uses

Balance of the advantages and disadvantages, 
depending on the final purpose.
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DifficultiesDifficulties inin foodfood processes processes modellingmodelling::
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DifficultiesDifficulties inin foodfood processes processes modellingmodelling::

� Dynamic processes

� Complexity and heterogeneity of products

� Structural and physicochemical changes
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KineticKinetic StudiesStudies::
Allow the quantification of the extension and rate
of production/consumption of any substance
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KineticKinetic StudiesStudies::
Allow the quantification of the extension and rate
of production/consumption of any substance

Safety Quality
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SafetySafety and   QualityQuality depend on:

Intrinsic factors

Extrinsic factors
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SafetySafety and   QualityQuality depend on:

Intrinsic factors

Extrinsic factors

pH
aw
others

T
pH
humidity
gas concentration
others
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ModelModel ValidationValidation::

Heuristic sampling

Experimental design

Minimize variance of:

predicted response

parameter estimates

EXPERIMENTAL DESIGN ANDEXPERIMENTAL DESIGN AND

DATA ANALYSISDATA ANALYSIS



Data Data AnalysisAnalysis::

Regression schemes

Analysis of residuals

( )[ ]
2n

1i
kiji

n

1i

2
i ,xfyeSSR ∑∑

==

θ−== Least-squares
method

EXPERIMENTAL DESIGN ANDEXPERIMENTAL DESIGN AND

DATA ANALYSISDATA ANALYSIS



OUTLINEOUTLINE

� Introduction

- Non-thermal Processes

- Mathematical Modelling

- Experimental Design and Data Analysis

�Cases Studies

- Ozone, UV-C, Thermosonication

- Red bell pepper / ozone

- Courgette / UV-C

- Watercress / thermosonication



Ozone Exposure of food to ozone

Ultrasonication Exposure of foods to ultrasounds (US)

US + mild temperatures (T) ���� thermosonication

US + pressure (P) ���� manosonication

US + T + P ���� manothermosonication
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OZONE

-Gas formed by 3 oxygen atoms

-Highly instable

-In nature it is formed by the action of sun UV ligh t (185 nm) 
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OZONE

-Commercially :

Ozone generated by

Electrical Discharge

CASE STUDIESCASE STUDIES



OZONE

-Powerful antimicrobial agent ���� strong oxidant

-Lethal or inhibitory effect on microorganisms due t o its reaction with:

- intracellular enzymes

- nucleic material

- membrane components ���� destruction of coating of spores and viral      
capsules
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ULTRASOUNDS

- Vibrations similar to sound waves

- Very high frequencies: 18 kHz – 500 MHz ���� greater than upper limit of 
human hearing!

- Some animals, such as dogs, dolphins, and bats, hav e an upper limit 
that is greater than that of the human ear and thus  can hear 
ultrasound.
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ULTRASOUNDS

- In a biological medium: production of compression a nd expansion cycles

� CAVITATION phenomenon

- The implosion of gas bubbles ���� high temperature 
and high pressure spots

� Cell  disruption ���� cellular death

CASE STUDIESCASE STUDIES



ULTRAVIOLET RADIATION

- Ultraviolet light in the non-ionizing region of the  electromagnetic 
spectrum, between X-rays (200 nm) and visible light  (400 nm)

CASE STUDIESCASE STUDIES



UV light can be divided into three regions:

- UVA: 320-400 nm – therapeutic effects (dermatologic al);

- UVB: 280-320 nm – sun burn and plant damage

- UVC: 100-280 nm – dangerous to life – maximum lethal eff ect at 254 nm

ULTRAVIOLET RADIATION
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ULTRAVIOLET RADIATION - UVC

Lethal effect (254 nm) due to its destroying action  on DNA chains ����

decreasing or inactivation of vital functions of ce lls

CASE STUDIESCASE STUDIES



Products

Strawberry Red bell pepper Watercress

Brocoli Courgette / squash pumpkin



Technologies

Ozone Ultrasounds UV-C
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Fonte: www.deltaohm.com
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Effect on Peroxidase ….

Synergetic effect of

Temperature and ultrasonication
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