On the use of the Gompertz
model to predict microbial
Inactivation behaviour

Maria M. Gil
F. Miller, M. Quintas, T.R.S. Brandao and C.L.M. Silva

IFT
June 24th-28th, 2006 mmm

Orange County Convention Center ...men-
Orlando, Florida




Lakd

Objectives =2

Yorig () =2 exp(—€xp (D —Ct))

y population size
t time
a,b,c model parameters

=

modifications in order re-parameterization of

to describe microbial the modified function
Inactivation biological meaning




IFT

Annual Te:
+Fuu|1£x|‘¥1"m'l

Mathematical modelling

» Food microbiologists are giving increased attention to microbial

kinetics modelling

» The use of mathematical models that properly describe

microbial behaviour under specific environmental conditions is

important for predictive purposes and process design

» Mathematical models require the definition of parameters (e.g.

the rate constant), which should be precisely estimated




Gompertz equation

Yorig () = a &xp(—exp(b —ct))

=» Is an empirical sigmoidal relationship (describe linear and

nonlinear curves)

» Introduced in food microbiology to describe asymmetrical

sigmoidal shape of microbial growth

» Can be used to describe microbial inactivation behaviour

(if properly modified)

IFT

Annual Te:
*Fuuutxﬁy‘m




Introduction

X Howev =

=» informati | S nd to
method ‘

» only few W ‘ to microbiological
meaning (gro jal n fer)

drawbacks in microbial kinetic models




IFT

Annual Te:
+Funu£xﬁ"n'"g

Insightful information can be obtained with re-

parameterized forms

Microbial survival often presents a lag, a linear phase
(corresponding to a maximum Inactivation rate, k_..)

and a residual population (tail)
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Two different approaches were studied in order to obtain

Gompertz modified model for inactivation kinetics:

» thelogarithm of the microbial load (log N) =2 approach 1

yinact(t) — |Og (N) = const — yorig(t) ( - )

» normalized to the initial load (log N/Ny) = approach 2

N
yinact (t) — IOQ(

— | ==Y, (1) &R
Noj Yorig (1)




Parameters with microbiological meaning
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Model parameters

Tail asymptote of the function

(109 Nie)
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Model parameters
Maximum inactivation rate  derived by calculating the 15t
(Kimax) derivative at the curve inflexion

point
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Model parameters
Shoulder determined by the interception of
(L) the extrapolated tangent line with

Initital value (or time-axis - approach 2)
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Approach 1

yinact(t) = |0g (N) = const —aexp (_ €XP (b —Ct ))

N
=
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Approach 2

yinact(t) = |Og [ ) =—aexp (_ €XP (b —Ct ))

N
NO
a=—log(%j

o= Kiw €XP(2)
a

b=t-c+1
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= Kinetic parameters i by non-linear

regression analy:

using STATISTICA TM v 6.0 software
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Parameter’'s  log Nies/No 1%*

Precision — 11-17 Kmnax — 7-13
L -~ 43-563 L - 16 - 63




Results—= =

.-._ff i h2

yinact(t) = |Og (NEJ =-aexp (_ eXp (b - Ct))

Regression 0.970
Analysis R 4
2] =
Parameter - Error
| | (%)
Parameter’'s 109 N;/Ng A 26-37 R 14 - 28
Precision . 0 11-17 0 Ky | 7-13

L 43 - 563 L 16 - 63




Conclusions

Gompertz a ~ Listeria
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The qua- 5 ¢ _ .--:- ation were

D

improved if normalized data is us

The use of accurate models is a considerable tool to

predict target pathogen’s survival
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