Predictive Microbiology
Workshop

Aplicacdes e Novas Fronteiras

- ———————

Modelos'@ara inagtiva(;éo de

-_’__

1
s L

_mlcrorganlsmps em alimentos

i'F

Teresa Brandao
ECristina Silva
UNIVERSIDADE CATOLICA PORTUGUESA

Escola Superior de Biotecnologia 4 de Margo 2005




Modelagem matematica

alguns conceitos ...

y=f(x,q) +e

Estimativa dos parametros

Y o8

minimizacao dos desvios entre 0s
Ymodelo

valores experimentais e

os obtidos pelo modelo

*x 0 1000 2000 3000 4000 5000
Precisas ? q Exactas ?




Modelagem matematica

objectivo

descricao precisa e exacta das observacoes

/

adequabilidade do modelo

gqualidade dos parametros



Modelagem matematica

modelos mecanisticos

4 descricao fundamental dos processos fisico-quimicos
envolvidos

4 mais complexos

modelos empiricos

€ caixa preta
4 mais simples (ou nao!)

¢ aplicacao pratica A

ponderar vantagens e desvantagens
decisao depende do objectivo final



Modelagem matematica

complexidade

o rica
matematica descricao adequada

qualidade

modelo parametros




Modelagem matematica

vantagens

® conhecimento do processo
® efeito do processo no produto

® controlo das variaveis envolvidas
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Propriedades
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Modelagem matematica

Modelagem

dados

Fendmenos de Transferéncia design experimental

= calor Processos Funcdo matematica
- massa A x
e momentum

Esquemas de regressao
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validacao
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Modelagem matematica

Modelagem

dados

Fendmenos de Transferéncia design experimental

= calor Processos Funcdo matematica
e massa A&
* momentum Fisicos Esquemas de regresséo

Quimicos N
/ parametros

Processos Alimentares variavels

Cinéticas de reaccao

Propriedades

—

Seguranca qualidad
design

validacao

controlo



Modelagem matematica

seguranca




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

( comportamento sigmoidal

log N
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reflecte a presenca de agregados de microrganismos

ou sub populactes mais resistentes a temperatura

(ou outro factor adverso)
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Exemplos

meio liquido
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Listeria innocua J
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Modelos matematicos

“ primarios

parametros

Log CFU/g

cinética
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1 145

Tempo (min)



Modelos matematicos

-
% primarios temperatura>

<y, ’

Log CFU/g
I

2 25

% secundarios
parametros



Modelos matematicos

0:0 primérios o temperatura

Log CFU/g

25

% secundarios
parametros

< terciarios - integracdo dos modelos anteriores — software



Modelos de inactivacao

“ primarios
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“ primarios

\ N = Ng exp(- kt) @ | logN = log N —é 12 ordem

D — tempo de reducao decimal
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Modelos de inactivacao

“ primarios

\ N = Ng exp(- kt) -

QME BN SR Gt ) N @

logN = log Ng — é 12 ordem

D — tempo de reducao decimal

N
No Fp exp(~ kit) + (1 - F ) exp(~ kyt) (_(fg?;)
., F, — fraccao de microrganismos inactivados
bifasicos k, e k,— constantes cinéticas
N 2H 2(1 — F_|_) Kamau et al.
i AL log — = log + (1990)
No 1+ exp(kyt) 1+ exp(kot)




Modelos de inactivacao
< primarios \\

A AT R ey N | (FR@+exp(-KkL)) @-F)L+exp(-kyL)
N eezy | 109 S '°g£1 +explkg(t—1) " 1+ explko(t — L) j

L — atraso



Modelos de inactivacao

% primarios

Whiting & Buchanan
(1992)

Cole et al.
(1993)

F (1 + exp(- kqL)) N

(1R )2+ exp(- koL))

log — =lo
J No g(l + exp(kq(t - L))

1+ exp(ky(t — L)) j

L — atraso

logN = a +

W -—-a

1+ exp(4o(¢v - Igg t)

)

Distribuicdo da
sensibilidade ao calor
da populacdo dos
microrganismaos




Modelos de inactivacao

< primarios : ]

tempo (s)

Baranyi et al. dt
(1993) \
\

\ funcao ‘atraso’

funcao ‘cauda’




Modelos de inactivacao

% primarios : e

Baranyi et al. dt
(1993) \
\

N(t = 0) = No funcao ‘cauda’
Geeraerd et al. \ funcao ‘atraso’
(2000)
dN
m log —— |= log(exp(- kmaxt))
aQ _ _k Q No 1+ Q(0) exp(- kmaxt)
dt max

Q — variavel relacionada com o estado fisiolégico dos microrganismos



Modelos de inactivacao

“ primarios

log N
o P N W A OO N O ©

a0

500 1000 1500 2000

tempo (s)

Gompertz
Bhaduri et al (1991) N k e
Linton et al. (1995, 1996)
Xiong et al. (1999) logN = logNg - |09(Noje>(p — exp N L-t)+1
l res Iog( 0 j
Listeria monocytogenes Nres

=

reparameterizacao para inactivacao com base em Zwitering (1990)



Modelos de inactivacao

“ primarios

log N
o P N W A OO N O ©

ol

500 1000 1500 2000

tempo (s)

Gompertz

Bhaduri et al (1991)

N
Linton et al. (1995, 1996) | |ogN = |()gNO — log Y0 exp| — exp ke (|_ — t) +1
Xiong et al. (1999) res

l N Iog(l\IO j
Nres

Listeria monocytogenes

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

Logistica
logN =

1+ exp(k(t - L))

C — constante



Exemplos

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)

Gompertz

Gil (2002)

logN
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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
9
1 .
0 ; ; ; ;
0 50 100 150 200 250
time (s)
Gil (2002) Statistica 6.0



Exemplos
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Logistica
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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)

Logistica
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Gil (2002) Statistica 6.0
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-
% primarios temperatura>

<y, ’

Log CFU/g
I

2 25

% secundarios
parametros



Modelos matematicos

% secundarios

: E, E E.(1 1
= - —a Ink = Inkg — =2 || k = kpof €Xp| - 2| = -
Arrhenius | k koeXp( RT) — Ik =1InKg — =5 ref p[ A [T T
D / Arrheni dificad Nk = Co + L+ 2 4 ¢ Chan
avey rrhenius modificado nk = 0+?+?+ zaw + Cad,
“Sguare-root type models”
Ratkowsky et al. (1982) Jk = b(T - Tmin)
McMeekin et al. (1987) vk = b(T - Tin)/(Bw — 8wy )
Adams et al. (1991) VK = b(T = Tiin)y/(PH — pHmin)
McMeekin et al. (1992) Jk = b(T = Trin) J(aw — &y, .- )/(PH — PHpin)

min — valor minimo para crescimento



Data of L.monocytogenes Scott A

Exemplos

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

k = £(T)

Arrhenius 0,25
0,20 i

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)) | DEa=28.85 kJ/mol
DK, .;=4.58x1073 s'!

Logistica | k=0.0337 exp(-206.6/R*(1/T-1/333.15)) | DEa=27.56 kJ/mol
DK, ¢=7.31x103 s

Gil (2002) Statistica 6.0



Exemplos

Data of L.monocytogenes Scott A

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

Gompertz

DEa=7.485 kJ/mol
DL,=7.595 s

Gil (2002)

L (s)

3000

2500 -

2000 -

1500 -
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500

L=116.3exp(344.1/R*(1/T-1/333.15))
R?=0.9998

320

I I I ! ‘
325 330 335 340

Temperature (K)

345

atraso = T(T)

Statistica 6.0



Data of L.monocytogenes Scott A

Exemplos

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

Log Istica atraso = f(T)

10000

| = 194 5exp(429.7/R*(1/T-1/333.15))
9000 R2=1.000

8000 -
7000 -
6000 -
5000 -
4000 -
3000 -
2000 -
1000 -

0 T T ——r (O
DEa=3.591 kJ/mol 320 325 330 335 340 345

DI,.;=6.154 s°! Temperature (K)

I (s)

Gil (2002) Statistica 6.0



Modelos matematicos
Condicdes variaveis de

maior complexidade !!

!

d(log N)
d(tempo)




Modelos matematicos

Gompertz
situacao dinamica de temperatura

d(log N)
d(tempo)

t

log N = log Ng - j k exp(1) exp K exp(l) (L — t7) + 1 |exp| — exp K exp(l) L-t)+1|||dt
: . e
0g log
Nres Nres

E
K = Kof €XP| -2
ref p[ R (

1 1

=)

T

T

1
L =aexp/ bl = -

T

1

)

r




Modelos de inactivacao

% terciarios

softwares

crescimento de microrganimnos

previsao de tempo de prateleira

Inactivacao de microrge



Microbiologia Predictiva

Limitacoes

e interaccoes 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 condicdoes ambientais variaveis



Envolvimento da equipa num projecto internacional ...
2001-2004

BUGDEATH

www.frperc.bris.ac.uk/bugdeath.htm

microbiologia
predictiva

pasteurizacao de
alimentos a
superficie

fronteira importante de contaminacao
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"BUGDEATH" (QLRT-2001-0141%)

Predicting the reduction in microbes on the
surface of foods during pasteurisation.

Micrograph of a Salmonella bacteria

o Tell me more about the Bugdeath project.

YWhat are the objectives of the Bugdeath project?

Who are the project partners?

hleetings

Industrial Advisory Group (1AG)

Partner area of web site (specifically for project partners - password needed to enter)

Bugdeath

BUGDEATH is a research project funded by the European Commission to produce accurate predictive models of the reductions in microbial numbers that can be
achieved on the surface of foods during suface pasteurisation processes.

Food poisoning is increasing throughout the European Union (EL. Ower B0% of outbreaks are associated with meat, fresh fruit and salad vegetables. Most of the
contamination by pathogenic and spoilage organisms is present on the surface of foods at the time of harvesting or is transferred to the surfaces during slaughter
and pracessing. Accurate microbial death models would be of considerable help to the food industry in the development of surface pasteurisation systems for meat,
fruit and vegetables. This will in turn lead to safer foods with impraved quality and shelf life.

Drrmerme sl ircnlbesd indDOuade a4k Femm Lot do riakd
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Bugdeath

Parceiros

1.

Food Refrigeration and Process Engineering Research Center (FRPERC)
University of Bristol

Escola Superior de Biotecnologia (ESB)
Universidade Catodlica Portuguesa

Department of Chemical Engineering
Katholieke Universiteit Leuven (KUL)

Teagask, The National Food Center (NFC)
Campden & Chorleywood Food Research Association (CCFRA)

Faculty of Applied Science
University of West England (UWE)

Laboratoire de Ginie des Procidis Alimentares (ENITIA)
Ecole Nationale d’Inginieurs des Techniques des Industries Agricoles et Alimentaires

Institute National de la Recherche Agronomique (INRA)



Bugdeath

Objectivos

e estudos de inactivacao a superficie de alimentos solidos
e desenvolvimento de modelos de inactivacao precisos e exactos

e desenvolvimento de equipamento para pasteurizacao a superficie
‘rig apparatus’

e desenvolvimento de software para previsao
tarefa da ESB




Bugdeath

alimentos estudados

microrganismaos

batata
frango

bife

Listeria monocytogenes
E. coli
Salmonella

Campylobacter




rig apparatus

Bugdeath




Bugdeath

processo térmico
e vapor
e ar seco
historia de temperatura rig apparatus
60 processo rapido
40 podem ser
20 testadas
20 diferentes

historias de

temperatura

0.005 0.01 0.015 0.02 0.025 0.03

Time (h)




Escola Superior de Biotecnologia, Universidade Catodlica Portuguesa

Team
Pedro Pereira
Maria Manuel Gil
Teresa Brandao
Cristina Silva

Sessao de disseminacao

Chipping Campden, Agosto 2004

Development of a user-friendly
combined heat, mass transfer and
microbial death model
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Objectives

« Create a software application
User-friendly tool

Simulation of inactivation kinetics of
microorganisms on the surface of
foods during pasteurisation treatments

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



Introduction

 Need to obtain reliable data on relationship
between microbial death and the surface
temperature of real foods

Software application to

Lead to the design, simulate results obtained in the

construction and rig apparatus

commission of equipment

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



Modelling

Heat transfer

phenomena

Global model

Integrates

Prediction/simulation Microbial inactivation under

purposes constant and time-varying

temperature conditions

‘Bugdeath’ - funded by the European Commission under the EC Framework 5; fed ‘E"h
Quality of Life and Management of Living Resources Programme l‘ .{y



Modelling

two modelling approaches

« Accurate modelling of heat transfer

- Description of the phenomena induced to the food surface
by a thermal process

« Modelling microbial inactivation behaviour under
such temperature conditions

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



Heat transfer model

estimation of surface temperature

e One dimensional heat transfer model

« Combination of different phenomena
— Conduction
— Convection
— Evaporation/condensation of water or steam
—Radiation (not considered)

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




Heat transfer model

® Simplified model
Conduction/convection - Fourier

Geometry — plane sheet
No mass transfer phenomena considered

® Limits
Air velocity ranged from 15 m/s to 25 m/s

Extrapolation locked outside of conditions that can be
verified in the test rig

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



Heat transfer model

oT
x(ﬁ_xj Tair or steam Tsur)
top \

0

oT(x,t) _ 8°T(x,1)
ot ox 2

Crank-Nicholson method

3

|

a_ijot = Nins (Tsup _Tinf)

oT

t—time

T — temperature
h — heat transfer coefficient
a — thermal diffusivity

A — Thermal conductivity

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




Boundary conditions - bottom

Exchanges between the bottom of the product and the
support can be neglected — product thickness < 0.5 cm

Experimentally observed in the rig

‘Bugdeath’ - funded by the European Commission under the EC Framework 5; fed ‘E"h
Quality of Life and Management of Living Resources Programme l‘ ‘y



Heat transfer model

oT
x(ﬁ_xj Tair or steam Tsur)
top \

0

oT(x,t) _ 8°T(x,1)
ot ox 2

Crank-Nicholson method

3

|

a_ijot = Nins (Tsup _Tinf)

oT

t—time

T — temperature
h — heat transfer coefficient
a — thermal diffusivity

A — Thermal conductivity

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




Effective coefficient — dry conditions

@ h alr sur + K AH P - aWsur I:)Tsur
maX o Sur } \ TmaX o TSUI’
Y Y

convection evaporation

J

k., — mass transfer coefficient
AH — latent heat of water evaporation

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




Effective coefficient — wet conditions (steam)

Due to complexity of mathematical
expressions to be incorporated in

the software

Tour = Tsteam —3°C

sur —

N

Experimentally observed in the rig

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



Microbial inactivation model

 To predict microbial content at the surface of
foods

e It has the advantage of dealing with time-
varying temperature conditions

* Typical of pasteurisation treatments

‘Bugdeath’ - funded by the European Commission under the EC Framework 5; fed ‘E"h
Quality of Life and Management of Living Resources Programme l‘ .{y



Microbial inactivation model

dN
&~ kol
dt
dQ N — microbial cell density
dt — Q Q — variable related to the physiological state of the cells

Kmax — INactivation rate constant

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



Microbial inactivation model

T’ ") InlOeXp(lnlO@ refj (InlO(a _1)]%1

5

T =Tsur — Calculated on the basis of all considerations
of heat transport

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



Software Program

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




Software Program

e The programme was developed using Real Basic®
5.2 application

 Food/microorganism selection is allowed
(database of thermal properties and kinetic parameters)

e On the basis of the selection of a heating regime of
the medium, the programme allows prediction of
the food surface temperature and simulates the
microbial load content along the whole process
time

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



First screen — product/microorganism

%) BugDeath

Product | Pracess | I:Iutpu.li Temperature variation | Microbial load variation | Data Table |

Product
| B eef

| e = i AN G.ae-

Driffuazivity Condutivity

Product thickness [m) 0.ME

Imit. Product Temp. [°C] 134

Sample Diameter [m] .05

Wfater activity

kicroorganizm

| 5. tuphimurium

1 ] jmnnunnn

O [mir] Safe Count Iritial Count

] 7 j 0.2 | 572

Z['C) Zlaw) R. Temp. ['C)
| oeze | 2279372077
C1 @0

Surface Temperature kedium Temperature

‘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 | Frocess | Output| Temperature vanation | Microbial load variation | Data Table |

Calculation tipe

%) Surface Temp 1 Microbial Death

Thermal Procesz Air Properties

& Dy IRLIEEE
Pressure [Pa) Simple Heating Regimen
et
I 0.00003

Wigoozity

0.028 Tatal Process Time (3] lEDD

Parameters

Conductiv.
Equippment Parameters Holding temperature [°C) | 10

| 20 0.25 | 5

[ Cancel J L k.
Airelos. Turbulence Transf. C

Heating Reqimen ar Surf. Temperature

O ol

Tabulated data Temp. Batt [*C)

&

Surface Temperature M edium Temperature

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




Output — graphic/temperature

) BugDeath

Temperature variation | Microbial lnad variation | Data Table |

T: ture Profil
B Temperature variation on product surface (*C) versus time (s)

Surface temperature °C)

| Time [z] Ternperature [*C)
100,
100,
100,
100,
100,
100,
100,
100,
100,
100,

L0000 - T e s R

Output Options

Temperature Graph
Microbial load graph
Tab zeparated text fil

Cutput data

| Fint. | [ Show.. | 250 333 416 493
Tirme (s}
Surface Temperature Medium Temperatue

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




Output — graphic/microbial load

i) BugDeath

Product | F'ru:u:essJ Dutput | | Termperature variatinni Microbial load variation | Diata Table|

Temperature Prafile ) i o )
Microbial load variation on product surface versus time (s)

Tirne (2] Temperature [*C) Microbial load

]

100, .o

100, _

100, \
100,

100,
100,
100,
100,

100,
100.

L0000 -l SO LT R B P i

Dutput Optiong

Temperature Graph
Microbial load graph
Tab separated test file

COutput data

Prirt.. | | Show.. | | Save. | 416 494
Tirme (s}

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




Output — data table

&) BugDeath HE=]E
F'r-:u:luu:tl Process  Dutput | Temperature varation I Microbial load wariation  [ata Table |
— Temperature Profile Tirne [z] M edium Termp. [*C] I Surface Temp. [*C] Microbial Load I
- ] ] 140252 7 e
Time [z] Temperature ['C] | 06081 229 100 39.29968 6991117 —
0 100, 1« 1 100 3174754 6991117
T T — 16155 100 5 E45 E.991117 :
el 100 2 100 36.00534 6991117 e
3 100, 2B08123 100 J6.9512 B.991117
4 100 3 100 359.14414 E.991117
A 100, 3608123 100 38.62585 6991117
£ 100, 4 100 0 7OAEE E.991117
7 100 4 B03123 100 401602 6991117
a. 100, 3 1o 41.19636 E991117
q 100 _'_I 5 E08123 100 41,524 £.991117
5 100 42 4504 6991117
i : E.E08123 100 42 74450 6991117
Estas fptns 7 i 13 EaNaa ES51717
F.B08123 100 43.84836 6991117
V' Temperature Graph g 100 44 51078 E.991117
. . 3608123 100 44 835613 6991117
W Micrabial load araph g 100 45 FRGE2 6991117
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Conclusions / outputs

o Software application simulates the results obtained
In the rig apparatus

« Valuable for developing appropriate and safety
thermal processes

 Marketed and commercially available

e Educational purposes (simulation of real food processes)
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