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Modelagem Matematica

y=f(x, 0)+¢

Y\

Tempo do processo Parametros cinéticos

A extensdo e velocidade de producdo/degradacao

de uma caracteristica de seguranca ou qualidade pode ser quantificada

... assim como o efeito das condi¢oes de processamento nos parametros cinéticos

e consequentemente as respostas finais



Modelagem Matematica

alguns conceitos ...

y=1(x, 0) +¢
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Modelagem Matematica

objectivo

descricao precisa e exacta das observacoes

/

adequabi lidade do modelo

qu alidade dos parametros



Modelagem Matematica

modelos mecanisticos

¢ descricao fundamental dos processos fisico-quimicos
envolvidos

4 mais complexos

modelos empiricos
4 caixa preta
4 mais simples (ou nao!)

¢ aplicacao pratica A

ponderar vantagens e desvantagens
decisdo depende do objectivo final



Modelagem Matematica
C?nrgfelﬁi(;iliige % descricao adequada

gualidade

modelo parametros




Modelagem Matematica

vantagens

® conhecimento do processo

® efeito do processo no produto

® controlo das variaveis envolvidas



Modelagem Matematica

Modelagem
dados

design experimental

Fendmenos de Transferéncia

- calor Processos Fungdo matemadtica

e massa A X

e momentum , . , . Esquemas de regressdo
Fisicos Quimicos \

Cinéticas de reaccgéo pardmetros

: Processos Alimentares varidveis
Propriedades



Modelagem Matematica

Modelagem
dados
Fendmenos de Transferéncia design experimental
= calor Processos Fungdo matemdtica
e massa A %

e momentum

Esquemas de regressdo

Fisicos Quimicos N

Cinéticas de reaccao




Modelagem Matematica

Modelagem
dados
Fendmenos de Transferéncia design experimental
= calor Processos Fungdo matemdtica
e massa A %

e momentum

Esquemas de regressdo

Fisicos Quimicos N

Cinéticas de reaccao

design

validagdo



Modelagem Matematica

Modelagem
dados

Fendmenos de Transferéncia design experimerta
- calor Processos Fungdo matemadtica
e massa A X
* momentum Esquemas de re a

, . , . gressdo

Fisicos Quimicos ] \

Cinéticas de reaccao

design

validagdo

controlo



Modelagem Matematica

Modelagem
dados
Fendmenos de Transferéncia design experimental
= calor Processos Fungdo matemdtica
e massa A %

e momentum

Esquemas de regressdo

Fisicos Quimicos N

Cinéticas de reaccao

design

validagdo

controlo

optimizagdo



Modelagem Matematica

Modelagem
dados
Fendmenos de Transferéncia design experimental
= calor Processos Funcdo matemdtica
e massa A %

e momentum

Fisicos

: Processos Alimentares
Propriedades

e qudlidad

segurangd

Esquemas de regressdo

\

pardmetros

Quimicos

varidveis

design

validagdo

controlo

optimizagao



Modelagem Matematica




Degradacao de Qualidade

Atributo no tempo t Valor inicial
Modelos cinéticos \ / /Tempo Ene_rglaNde
activagao
C = C:0 — Kt T. referéncia

C = Cp e M yeladgs gﬁ‘gEr&%ﬁ%ﬂ
\

C - Ceq B e_kt Const. gases‘/ Y
CO - Ce N Efeitoda T em k
q\A Lei de Arrhenius

Valor de equilibrio



Degradacao de Qualidade

carrots

Branqueamento

pumpkin

broccoli

Cucurbita maxima L. Brassica oleracea L.



Degradacao de Qualidade

> Firmness

e

Colour changes

pumpkin

Peroxidase




Degradacao de Qualidade

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

» Firmness

pumpkin
Peroxidase




Degradacao de

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

single puncture measurement,10 mm depth of penetration, velocity of 1.0 mm s
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Degradacao de Qualidade
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Cucurbita maxima L.



Degradacao de Qualidade
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Degradacao de Qualidade
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Degradacao de Qualidade

Modelling the kinetics of peroxidase inactivation and colour and
texture changes of pumpkin during blanching, will allow convenient

design of thermal processes

!

Stabilisation of enzymatic deterioration

Minimisation of quality losses

pumpkin

5.8 min at 90 eC
and
3.9 min at 95 2C

Blanching conditions

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

retained).

Cucurbita maxima L.



Degradacao de Qualidade

/ Texture

Peroxidase \

v

Phenolic content broccoli

Brassica oleracea L.



Degradacao de Qualidade

Peroxidase

0,8

(P/PO)

POD acti.

: S ——1
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Time (min)
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85 °C O 90-°C Global mod. fit

Spectrophotometry (Unicom Ltd, Cambridge, UK)

\

/ Texture

v

Phenolic content broccoli

Brassica oleracea L.



Degradacao de Qualidade

|
Phenolic content broccoli

Brassica oleracea L.



Degradacao

de Qualidade

(P/PO)

POD acti.

Peroxidase

0,8

e

Time (min)
o 70°C <& 75°C A 80°C
85 °C O 90-°C Global mod. fit

v

Phenolic content

Max. shear force (N)
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Time (min)
© 70 & 75 A 80 85 O 90 Global mod. fit

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

broccoli

Brassica oleracea L.



Degradacao de Qualidade

POD acti. (P/PO)

Peroxidase
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Brassica oleracea L.
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Degradacao de Qualidade

(P/PO)

POD acti.

Peroxidase
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Degradacao de Qualidade

Modelling the kinetics of peroxidase inactivation and phenolic

content and texture changes of broccoli during blanching, will allow

convenient design of thermal processes

!

Stabilisation of enzymatic deterioration

Minimisation of quality losses

broccoli

Blanching conditions 6.5 min at 70 °C
and

0.4 min at 90 eC

... 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 thermal
processes of broccoli.

Brassica oleracea L.



Degradacao de Qualidade

carrots

Peroxidase Firmness
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Degradacao

de Qualidade

Peroxidase activity ¢/4,)
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Degradacao de Qualidade

carrots




Degradacao de Qualidade

carrots

- T

Modelling the kinetics of peroxidase inactivation and phenolic

content, colour and texture changes of carrots during blanching,

will allow convenient design of thermal processes

!

Stabilisation of enzymatic deterioration

Daucus carota L.

Minimisation of quality losses

Blanching conditions 6.0 min at 80 2C

.. is recommended to decrease 90% of peroxidase activity, ensuring a good
retention of phenolic content (70%). Colour was the most temperature
sensitive parameter. Thus, attention should be given to colour against other
quality parameters for optimizing thermal processes of carrots.



Modelagem matematica

segurancga




Modelagem matematica

microbiologia
predictiva




Modelagem matematica

microbiologia

predictiva

microbiologia

&2

matematica

estatistica



Microbiologia Predictiva

aplicacao
® previsao / simulacao — rapidez

® desenvolvimento de processos
eficazes de inactivacao

|

contribuicao para seguranca



Microbiologia Predictiva

Inactivacao

c comportamento sigmoidal

log N
O B N W M Ol O N 00 ©

500 1000 1500 2000

o

tempo (s)

reflecte a presenca de agregados de microrganismos

ou sub populacfes mais resistentes a temperatura

(ou outro factor adverso)




Exemplos

tempo (min)

Miller (2004)



Exemplos

Listeria innocua
meio liquido

tempo (min)

Miller (2004)



Modelos matematicos

7 . L.
< primarios Sl e
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Modelos matematicos

oo primérios temperatura>

Log CFU/g
N
|

2 25
%+ secundarios

parametros



Modelos matematicos

oo primérios temperatura>

Log CFU/g
N
|

%+ secundarios

* terciarios - integra dosg’modelos anteriores - software

parametros



Modelos de inactivacao

9
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fundamentais




Modelos de inactivacao

% primarios

\\ N =Ng exp(-kt)| @ | logN =logNg —[; 12 ordem

D — tempo de reducéo decimal

o P N W A O O N ®




Modelos de inactivacao

% primarios

78
6
m57
2
G 4
g
3 3

N = Ng exp(- kt)| (@)

logN = log Ng - ; 12 ordem

D — tempo de reducéo decimal

= — — _ Cerf
= F exp(- kit) + (1 - Fj) exp(- ko) et
] ] F, — fraccdo de microrganismos inactivados
bifasicos

k, e k,— constantes cinéticas

2F

log No Iog[l + exp(kit) 14 exp(kot)

2(1 - Fl) j Kamau et al.
(1990)




Modelos de inactivacao

% primarios \\

wwwwwwwww

. N
Whiting & Buchanan | Jog — = lo
(1992) g No g(

- ool ) - ool l)
1+ exp(kq(t L)) 1+ exp(ka(t —L))

L — atraso



Modelos de inactivacao

% primarios

Whiting & Buchanan
(1992)

Cole et al.
(1993)

wwwwwwwww

Fi(1 + exp(- kL))

(1-Fi )1 + exp(- koL))

log No B Iog(l + exp(ky(t — L)) "

1+explka(t -L)) )

L — atraso

logN = a +

w-—-da

4g(A - log t)
w-o0

1+ exp(

)

Distribuicdo da
sensibilidade ao calor
da populacao dos
microrganismos




Modelos de inactivacao

% primarios

Baranyi et al.
(1993)

N(t = 0) = Ng N

funcao ‘cauda’

funcao ‘atraso’



Modelos de inactivacao

% primarios

Baranyi et al.
(1993)

N(t = 0) = N

funcao ‘cauda’

Geeraerd et al. funcao ‘atraso’

(2000)
dN
v = ~Kmax kQ(Q) N
dt N _ ~ 1+Q(0)
d& = Kmax Q N bg(NOJ log(expl MGXT))I + Q(0) exp(- kmax'f)

Q — variavel relacionada com o estado fisiolégico dos microrganismos



Modelos de inactivacao

% primarios

log N
o B N W A OO N 0 ©

o +

500 1000 1500 2000

tempo (s)

Gompertz

B_haduri et al (1991) NQ k e
ong et al. (1995 | logN = logNg ~ 'og[Nr jeXP mexp (Lt
| -l

Listeria monocytogenes E es

reparameterizacao para inactivacao com base em Zwitering (1990)




Modelos de inactivacao

% primarios

log N
o B N W A OO N 0 ©

o

500 1000 1500 2000

tempo (s)

Gompertz

Bhaduri et al (1991) | | NO k e 1
inton et al. , = — - T
|)_< iotl ! ettal. f11:9995) 1996) IogN °9NO og( Nr-es Jexp exp log ( & j (L 1') +

Nres

C reparameterizacao para inactivacao com base em Zwitering et al. (1990)

Listeria monocytogenes

Logistica

logN =

1+ exp(k(t-L))

C — constante



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

Exemplos
(24 hours incubation at 5°C in half cream) Casadei et al. (1998)

Gompertz

logN

0 1000 2000 3000 4000 5000 6000 7000

time (s)

Gil (2002) Statistica 6.0



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

Exemplos
(24 hours incubation at 5°C in half cream) Casadei et al. (1998)

Gompertz

logN

0 50 100 150 200 250

time (s)

Gil (2002) Statistica 6.0



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)

Exemplos

logN

0 1000 2000 3000 4000 5000 6000 7000

time (s)

Gil (2002) Statistica 6.0



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)

Exemplos

logN

0 50 100 150 200 250

time (s)

Gil (2002) Statistica 6.0



Modelos matematicos

oo primérios temperatura>

Log CFU/g
N
|

2 25
%+ secundarios

parametros



Modelos matematicos

% secundarios

i — EG —> — — E_a — - E_a l _ 1
Arrhenius | k = koexp(- R—T) Ink = Inkg — =3 | K = Kref ?—XP( RIT T,
Davey / Arrheni dificad Ik = Co + S+ €2 . Chay + Caayy

avey / Arrhenius modificado nk = 0t 12t Caaw + Caay
“Square-root type models”
Ratkowsky et al. (1982) Jk = b(T - Tmin)
McMeekin et al. (1987) vk =b(T - Tmin)\/(aw = Qwpin)
Adams et al. (1991) Jk = b(T - Trmin )\/(pH - PHmin)
McMeekin et al. (1992) Jk = b(T - Tmin)\/(aw = Gwpin )/(pH — pHuin)

min — valor minimo para crescimento



Data of L. monocytogenes Scott A

Exemplos

(24 hours incubation at 5°C in half cream)

Arrhenius 0,25 k = f(T)

0,20

0,15

k (1/s)

0,10

0,05

0,00
320 325 330 335 340 345

Temperature (K)

Gompertz | k=0.0216 exp(-203.3/R*(1/T-1/333.15)) | AEa=28.85 kJ/mol
AK, o=4.58x10°3 st

Logistica | k=0.0337 exp(-206.6/R*(1/T-1/333.15)) | AEa=27.56 ki/mol
AK,04=7.31x10-3 57!

Gil (2002) Statistica 6.0




Exem P los Data of L. monocytogenes Scott A

(24 hours incubation at 5°C in half cream)

Gompertz atraso = f(T)
3000

2500

2000

1500

L (s)

1000

500

0
AEa=7.485 kI/mol 320 325 330 335 340 345

AL,..¢=7.595 s Temperature (K)
re .

Gil (2002) Statistica 6.0



Data of L. monocytogenes Scott A

Exemplos

(24 hours incubation at 5°C in half cream)

Logistica atraso = f(T)

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

0
AEa=3.591 kJ/mol 320 325 330 335 340 345

Al,.=6.154 s Temperature (K)

€ (s)

Gil (2002) Statistica 6.0



Modelos matematicos

temperatura
Condicoes variaveis de

maior complexidade !!

!

d(logN)
d(tempo)




Modelos matematicos

Gompertz

situacdo dinamica de temperatura

d(log N)
d(tempo)

T
logN = logNg — [ |k exp(1) exp kexP() (| _ 1)1 1]exp| — exp| KPM (| _ 1, 1]||ar
IS -,




Modelos de inactivacao

% terciarios

softwares

crescimento de microrganismos

previsao de tempo de prateleira

iInactivacao de microrganismos



Microbiologia Predictiva

Limitacdoes

e interaccdes entre microrganismos
e diversidade natural das estirpes
estrutura complexa dos alimentos
e alimento/microrganismo
e modelagem da fase ‘atraso’

e modelagem da fase ‘cauda’

e previsodes reais com condicoes ambientais variaveis



Base de dados
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~ Inddstria

Investigacao
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Software Program

‘Bugdeath’ - funded by the European Commission under the EC Framework 5;
Quality of Life and Management of Living Resources Programme




First screen — product/microorganism

S BugDeath
Product | Process | Dutput Temperature vanation | Microbial load variation | Data T able
Product
| Beef v |
Driffuisivity Candutivity
Product thicknesz [m) e
Iwit. Product Temp. [7C) 13.4
Sample Diarmeter [m] .05
W ater activity .45

Microomganizm

S, typhirnurium
| | | 10000000
O [mir] Safe Count |ritial Count
| 7 | 0.2 | 572
Z[T) Z[aw) R. Temp. ['C)
| 02206 | 2279372077

1 Qo '
Surface Temperature kedium Temperature

oo

‘Bugdeath’ - funded by the European Commission under the EC Framework 5;
Quality of Life and Management of Living Resources Programme




Second screen — process

' BugDeath

Product | Process | Qutput|

Calculation tipe

(%) Surface Temp O M

Thermal Process
(® Dry
O wiet

Equippment Parameters

Air Properties

REEE
ey ml Simple Heating Regimen

icrobial Death

0.00003
Parameters

Taotal Process Time []

Halding temperature [*C]

| 20 | 0.25

Airveloc. Turbulence

(%) Simple
) Complex

Tabulated data

Heating Regimen or Surf. Temperature

Temperature vanation | Micrabial load variation | Data Table |

|5IIIIII

100

Cancel

| (

J |

OF.

Tranzf. C

Define...

Temp. Bott [*C]

[

Surface Temperature kM edium Temperature

‘Bugdeath’ - funded by the European Commission under the EC Framework 5;

Quality of Life and Management of Living Resources Programme




Output — graphic/temperature

) BugDeath
Product | Process | Output Temperature vanation | Microbial load variation | Data Table

T bure Prafil
S e Temperature variation on product surface (*C) versus time (s}

Time [5) Temperature [°C) Surface temperature {°C)

100, 100.0
100,
100,
100,
100,
100,
100,

100, /—'
100,
100.

0,
1.
2
3,
4,
5,
E.
7.
g,
9.

Cutput Optiohs

Temperature Graph
Microbial load graph
T ab zeparated test file

Cutput data

Print.. | [ Show.. | [ Save. 250 333 416 499
Tirme (s)

Surface Temperature

516

‘Bugdeath’ - funded by the European Commission under the EC Framework 5;
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Output — graphic/microbial load

©) BugDeath

Product F'ru:u:ess| DUtDUt| Temperature variation | Microbial load vanation | Data Table

Temperature Profile i ) L i
Microbial load variation on product surface versus time (s}

Time [5] Temperature [*C] Microhial load
100, 7.0 ——
100 - T

100, \
100

100,
100.
100,
100.
100,
100.

L0001 N e HL R O

Output Options

T emperature Graph
icrobial load graph
T ab separated test file

COutput data

Print.. | [ Show.. | [ Save. 418 494
Time (5)
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Output — data table

{S) BugDeath M=l E3
Product I Process  Dutput | Temperature wariation I Microbial load variation Data Table |
— Temperature Profile Tire [z] Medium Termp. ['C] | Suface Temp. ['C] Microbial Load I
- - 1] 1] 14,0252 i e

Time [z] Temperature ['C] 0.6 229 100 29,29868 991117 —
. 100, - 1 100 3.7d7h4 6991117
7 T - 1 B 5 100 6 EA345 £.991117

2 100. 2 100 J6.00534 E.991117 o
] 100, 208123 10 J6.9512 6991117
4, 100, K] 100 814414 E.991117
R 100 JE08123 10 862005 6991117
B, 100, 4 100 9. 70455 B.991117
7 100, 4 60E123 10 A0 1602 E.991117
a. 100, ] 100 4119636 6991117
5 T =] 5 B 5 100 41524 £.991117
h 10 42 4504 B.A991117
_ A F.AOE123 10 42 7dan2 6991117
Output Options 7 100 43 50093 £.897117
FROE1Z23 10 43 84836 6991117
¥ Temperature Graph a 100 44 610748 B.991117
. . 3608123 100 44 BAE13 E.991117
W Micrabial load graph g 100 45 BEERD 6991117
] 9608123 100 45 78353 £.991117
M e e il i i i 43756 E851117
10,6081 2 10 46 R4271 6991116
CEEEE 1] 100 17 2463 £.897176
11,6081 2 10 47 44323 6991116
- 12 180 45,0079 £.891115
1260812 10 4819275 E.991116
: 13 10 4872329 F.991115
Frint... Show ... Save... | 1360812 100 48 85746 E.991115

14 10 4939783 B.991115 j
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