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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

Thermal Processes

... Originally designed to inactivate

spoiling and pathogenic microorganisms

c bacteria

yeasts
molds

and enzvmes t %

prevent the degradation of the original organoleptic and
nutritive food characteristics
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

however

thermal processes affect negatively quality factors

process design

Pathogenic bacteria Texture

Chemical contaminants Microstructure
Colour
Vitamin C
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

recently ...

Non-thermal processes have been proposed as technologies able to

e inactivate spoiling and pathogenic microorganisms & enzymes

* while retaining nutritional and sensorial properties
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

Examples of Non-Thermal Technologies for food processing

UV-C radiation

Ultrasonication /

Thermosonication
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

Adequate and efficient process design

must take into account...

- type of product \

- desired shelf-life

- main sensorial properties Mathematical modeling
- tothe consumer is a main allied in
- MmMmore process sensitive .
> collecting data and

- main nutritional aspects Sys’[ema’[iza’[ion of

- more significant microbial contaminants Information

- principal spoiling pathways
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

Today’s Presentation

1. The role of mathematical modeling on understanding

process induced changes in foods
2. Heat Processing — effect on food quality and safety

3. Combining Heat and other Non-Thermal Technologies to

preserve foods
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

Today’s Presentation

1. The role of mathematical modeling on understanding

process induced changes in foods
2. Heat Processing — effect on food quality and safety

1. Combining Heat and other Non-Thermal Technologies to

preserve foods
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

1. The role of mathematical modeling on understanding process induced changes in foods

Mathematical models

v=f(x, q) +e
\

kinetic

process
parameters

time
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

1. The role of mathematical modeling on understanding process induced changes in foods

One example of modeling ... 9
logN, ° @ = T
6 lag
logN 5
4l i maximum "B,
microbial thermal inactivation inactivation rate®-
) ) ) ) lo Nres3 [ TR n ..........................
in which the kinetic parameters J , T tail
of the model assumed are 1 |
directly related to specific 0 : : :
0 500 1000 1500 2000
features ...
Time (s)
N — microbial counts
N, — initial microbial counts
Gompertz-inspired
model logN = logNg - log

) No.
N /S

IUFOST: Kinetic parameters k e



INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

1. The role of mathematical modeling on understanding process induced changes in foods

One example of modeling ...

logN

0 50 100 150 200 250

time (s)

Data of L.monocytogenes Scott A at 52,56,60,64,68°C

(24 hours incubation at 5°C in half cream) casadei et al. (1998)
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

1. The role of mathematical modeling on understanding process induced changes in foods

Transport Phenomena

= heat Processes
e mass

e momentum

Physical Chemical
Reaction kinetics

Properties Food Processes
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

1. The role of mathematical modeling on understanding... Modelling
™ data s

Transport Phenomena l 2SS
e heat mathematical function
e mass 2 X
- momentum Physical Chemical regression schemes
Reaction kinetics
Properties Food Processes variables
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

1. The role of mathematical modeling on understanding... Modelling
™ data s

Transport Phenomena l 2SS
e heat mathematical function
e mass 2 X
- momentum Physical Chemical regression schemes
Reaction kinetics
Properties Food Processes variables

I

design Criterium
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

1. The role of mathematical modeling on understanding... Modelling
data L~
Transport Phenomena l 2SS
- heat Processes mathematical function
- mass A x
* momentum Physical Chemical rrression schemes
Reaction kinetics / paramte\rs
variables
Properties Food Processes

design Criterium

validation
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I U FOSTE D L4 e bt e ik



INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

1. The role of mathematical modeling on understanding... Modelling
data L~
Transport Phenomena l 2SS
- heat Processes mathematical function
- mass A x
* momentum Physical Chemical rrression schemes
Reaction kinetics / paramte\rs
variables
Properties Food Processes

design Criterium

validation

control
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

1. The role of mathematical modeling on understanding... Modelling Vi

N/ data L~ {
Transport Phenomena l 2SS
- heat Processes mathematical function
- mass A x
* momentum Physical Chemical rrression schemes
Reaction kinetics / paramte\rs

variables

Properties Food Processes

design Criterium

validation

control

optimization

Objectives
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

1. The role of mathematical modeling on understanding... Modellikng
data |~
Transport Phenomena l 2SS
= heat Processes mathematical function
e mass Al
e momentum

regression schemes

/ parameters

variables

l/
design Criterium
I\
' - -
validation
I\
l/
control
optimization Objectives

A5ATy,
[

Physical Chemical

Reaction kinetics

Properties Food Processes
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

Today’s Presentation

1. The role of mathematical modeling on understanding

process induced changes in foods
2. Heat Processing — effect on food quality and safety

3. Combining Heat and other Non-Thermal Technologies to

preserve foods

I/U‘;—;'/I'\“ fia) CATOLICA
0ol: ,,w_w;: e



INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Blanching

In spite of the benefits of blanching, such as prolonging storage
life by the inactivation of enzymes responsible for quality
degradation and reducing the number of bacteria and other
contaminants, it also leads to excessive loss of weight,
alterations in colour, softening of the tissue and loss of nutrients

through their diffusion into the water

: |

... particularly important in VEGETABLES
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Blanching

broccoli

pumpkin

Cucurbitamaxima L.

Brassicaoleracea L.

gty -
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

» Firmness

y

e

Colour changes

pumpkin

Peroxidase

o

- - J$¢ CATOLICA
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Total Colour Difference, Hunter (L,a,b) scale, colourimeter (CR-300, Minolta)

40
35 A n
T=95°C % .
ol o b bt . Firmness
S :
25 X ¥ g A
] g x T=75°C
Q 20 4 ) * X 4
= N A t
157§ ; : /
X 4 N
107:5 " :
:: i ‘
1 Colourchanges
[0} ‘ T
[0} 10 20 30 40 50
Time (min) d

pumpkin

Peroxidase

/\r—\d\“ Cucurbitamaxima L. 5CATOLICA
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Fractional conversion model

y

» Firmness

k(T) = Arrhenius

pumpkin

Peroxidase

/—\A., Cucurbita maxima L.
IUFoOST:




INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Texture Analyser (Stable Micro-System Ltd, Godalming, UK)

single puncture measurement,10 mm depth of penetration, velocity of 1.0 mm s

40
90
35 A % A i 80 1
T=95°C % :
ol g b TP oot ——— Firmness
A
. Xy -

25 . ¥ g A
) % x 3 T=75°C R
Bl [, ; 1 /

e 3 A /

X 4 A

107:5 " : A

B : ‘

& Colour changes i3

A L] ]
(0] T T T T

(0] 10 20 30 40 50 3‘0 4‘0 5‘0

Time (min) 11 Time (min)
pumpkin

Peroxidase

/\r—\d\“ Cucurbitamaxima L. 5CATOLICA
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

OO
XX
_|
11
(o]
(6)]
o
@]
e
»> >

FiIrmness

-----------------------

>

XX XXX XK B

> > > bbb
L 2 2 4 2 4

Fractional conversion model

Firmness - Firmnessgq _ okt

X B XM |

! Colour changes Firmnessg - Firmnessgq
° 0 20 Tim(nf;(n’) w0 = k(T) = Arrhenius
pumpkin _
Peroxidase

/—\A., Cucurbita maxima L.
IUFoOST:




INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

40
35 y A n
T=95°C % .
SEEEFY 1 TS, Lot . Firmness
‘- P *
25 | . g % A A
" e x 3 T=75°C
8 20 . % s 1
= lx 2
151 ¥ § n /
X s .
104" N A
5 r i
54, 4 A 2
A Colour changes } i :
° 0 10 2‘0 _ 3{0 4‘0 5;0 3‘0 4‘0 5‘0
Time (min) { Time (min)
p um p kl n Spectrophotometry (Unicom Ltd, Cambridge, UK)

P/PO x 10C

/\f_\./\ Cucurbita maxima L. _ 50 5CATOLICA
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

35 1 A n
T=95°C -
wl g e IR oot . Firmness
. X ¥ g
25 4 . g é A A
x X x g T=75°C
B20 "‘ [y 7 3
151 ¥ § n /
X A
SENVE :
h i ‘
° Colour changes . R
A L]  §
0O 10 2‘0 ) 3{0 4‘0 5‘0 4‘0 5‘0
Time (min) d
pumpkin

Peroxidase

First order kinetics

P
P _ -kt

Po

/‘r—\J\MCucurbita maxima L. k(T) = Arrhenius
IUFoST:




INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Modelling the kinetics of peroxidase inactivation and

colour and texture changes of pumpkin during blanching,
allow convenient design of thermal processes

!

Stabilisation of enzymatic deterioration

Minimisation of quality losses

pumpkin

5.8 min at 90 °C
and
3.9 min at 95 °C

Blanching conditions

. are recommended to decrease 90% of peroxidase activity, ensuring a
good retention of colour. Unavoidably, texture is greatly affected (~ 14%

/‘r—\d\u Cucurbitamaxima L. Is retained). CATOLICA
IUFOST: Y i




INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Blanching

broccoli

pumpkin

Cucurbitamaxima L.

Brassicaoleracea L.

gty -
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

: Texture
Peroxidase \ /

|
Phenolic content broccoli
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

0.8 \

(P/PO)

POD acti.

, > ¢

K T T 7 ~

(o] 2 4 6 8 10 12 14 16
Time (min)

O 70°C o 75°C A 80°C
85 °C 0O 90°C Global mod. fit

v

Spectrophotometry (Unicom Ltd, Cambridge, UK)
Phenolic content broccoli
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Peroxidase

\

First order kinetics

k(T) = Arrhenius

||
Phenolic content broccoli
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5
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

0,8

(P/PO)

POD acti.

O 70°C
85 °C

a4

Peroxidase

¢

T
6 8 10
Time (min)

& 75°C
0O 90°C

T T
12 14 16

A 80°C
Global mod. fit

4000

Texture

Max. shear force (N)
= N N
al o al
o o o
=] =] =]

0o T T T T T T T T
0o 5 10 15 20 25 30 35 40 45
Time (min)

o 70 & 75 A 80 85 O 90

Global mod. fit

/‘r_\'/\“
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Phenolic content

Texture Analyser (Stable Micro-System Ltd, Godalming, UK)
maximum shear force , test speed 8 mm s, full-scale load 500 N

broccoli




INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

" Texture

Peroxidase \ -

(P/PO)

Zero order kinetics

POD acti.

Maxshearforce=(Maxshearforce); —kt

, > ¢
K T T T -
(0] 2 4 6 8 10 12 14 16

Time (min) )
k(T) = Arrhenius
O 70°C O 75°C A 80°C
85 °C 0O 90°C Global mod. fit

||
Phenolic content broccoli

(AT,
4 v
5
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

1@ 4000

Peroxidase ‘\\\\\\\\\N

Texture

0,8

N

S &

%L/ % 2500

. =

B & 2000

S £

[a) [

Q % 1500
=

¢
0 2 4 6 8 10 12 14 16 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Time (min) 0 5 10 15 -|—-20 (2‘5) 30 35 40 45
Ime (Mmin
O 70°C o 75°C 4 80°C
85 °C 0O 90°C Global mod. fit o 70 ¢ 75 A 80 85 O 90 Global mod. fit
60 &
55 - H 1
Phenolic content broccoli
Spectrophotometry 2 %
(Unicom Ltd, Cambridge, UK) S 4s |
~
w
<
€ 40 -
g
Q 35
2
o
T 30 1
8
25 +
20 +
15 : : : ‘
0 5 10 15 20 25 30 35 40 45 .
< Time (min) - ) I {‘?, TE QATOL!CA
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

'\

4000

1@

Texture

Peroxidase

0,8

~

5 €

g/ g 2500

. =

g & 2000

© 2

[a)] 7

Q % 1500
=

@
: T T 7 ~
(0] 2 4 6 8 10 12 14 16 (¢} T T T T T T T T
Time (min) [0} 5 10 15 20 25 30 35 40 45
Time (min)
O 70°C o 75°C A 80°C
85 °C O 90-°C Global mod. fit o 70 & 75 A 80 85 O 90 Global mod. fit
Phenolic content broccoli

First order kinetics

P=Pye

k(T) > Arrhenius .
‘@®) CATOLICA

IUFOST: Brassicaoleraceal. QB szaiiioi:



INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Modelling the kinetics of peroxidase inactivation and

phenolic content and texture changes of broccoli during

blanching, allow convenient design of thermal processes

!

Stabilisation of enzymatic deterioration

Minimisation of quality losses

broccoli

Blanching conditions 6.5 minaot|70°C
an

0.4 min at 90 °C

... are recommended to decrease 90% of peroxidase activity.
Texture was the most temperature sensitive parameter. Thus, attention
should be given to texture against other quality parameters for optimizing I
thermal processes of broccoli. _ ' @ CATOLICA
IUFOST: Brassicaoleraceal. [X@Q@ moom s
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Blanching

red bell pepper parsley

&

/

. Petroselinum crispum
Capsicum annuum, L.

gty -
/_\V\ gjﬁf« CATOLICA
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

log(N/Ny) ) : : |
T=70°C
red bell pepper
total mesophiles o
e @
® @
time (min)

PCA

Initial counts: No— 107 CFU/mg

Capsicum annuum, L. autoctone flora
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

log(N/Ny)

red bell pepper
total mesophiles

PCA

Capsicum annuum, L. autoctone flora

/‘r_\'/\“
IUFoOST:

Gompertz-inspired model

log — |=log Nres exp| —exp| — G L-t)+1
NO No |Og(Nres]

time (min)

Initial counts: No— 107 CFU/mg
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

time (min)

T 70U

10
0
parsley £
3 [~
Petroselinum crispum
f0 + 00
Palcam Agar
Initial counts: Ny— 107 CFU/mg
P Listeriainnocua
i i CATOLICA
TUFoST: artificially innoculated '&g o e s



INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Gompertz-inspired model

arsle
P y % (IogNj = } —k(T)eexp| - AUk (L(T)-t')+1 |exp| —exp| - A L(T)-t)+1
No non—isot O Iog( Nres ) |Og(Nres )

No No

5 %

Petroselinum crispum

Palcam Agar
Initial counts: Ny— 107 CFU/mg

Listeriainnocua
IUFOST: artificially innoculated

l;

dt'
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

2. Heat Processing — effect on food quality and safety

Modelling the kinetics of microbial inactivation

including the effect of relevant variables (temperature, pH
and water activity) allow convenient design of thermal

Processes
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

Today’s Presentation

1. The role of mathematical modeling on understanding

process induced changes in foods
2. Heat Processing — effect on food quality and safety

3. Combining Heat and other Non-Thermal Technologies to

preserve foods
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods

Non-Thermal Technologies for food processing

UV-C chamber (University of Algarve), 4 germicidal UV lamps
(TUV G30T8, 16 W, Philips, peak emission at 254 nm), average
intensity 12.36 W/m?

UV-C radiation

Ozone

Ultrasonication /

ozone generator,
concentration
measured by potential
difference, 0.3 ppm

Thermosonication

STy,
y. R
5

ultrasound equipment (Bandelin Sonorex RK 100H) operating at 32 kHz ) CATOLICA
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods

Thermosonication watercress

Nasturtium officinale

Vitamin C

Colour changes

Peroxidase
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods

Thermosonication

Temperatures above 85 °C and for the same blanching times led to
Peroxidase higher enzyme inactivation when compared to heat blanching
processes

Reaction rates of watercress colour changes due to heat and
thermosonication blanchings were not significantly different

Results showed no significant differences between heat and
thermosonication treatments. The treatment will allow good vitamin C
retention
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods

Thermosonication

The thermosonication treatments can be a good alternative
to the traditional heat blanching processes,

since higher quality products are attained
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods

watercress

red bell pepper

Nasturtium officinale

strawberries

Capsicum annuum, L.

Fragaria ananassa
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods

red bell pepper

Listeria innocua

(artificially inoculated)

Palcam Agar

watercress

Total coliforms

(autoctone flora) VRBA
strawberries
Total mesophiles
(autoctone flora) PCA
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods

Treatment time = 2 min
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods

Treatment time = 2 min
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods

Treatment time = 2 min
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INTEGRATING QUALITY AND SAFETY IN THERMAL AND NON-THERMAL FOOD PROCESSES

3. Combining Heat and other Non-Thermal Technologies to preserve foods

Thermosonication
Ozone in agueous solution

UV-C radiation

« Thermosonication is a promising technique
 Ozonated water-washings are equivalent to simple water-washings

« UV-C radiation is not efficient
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