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as an indication of the reliability of models when applied to foods.
The aim of this study was to determine the accuracy of general models (the Gamma
concept (Zwietering et al, 1996) and Pathogen Modeling Program (Buchanan, 1993)) and
specific models (applied to estimate the growth rate of Listeria on meat(products) Grau
and Vanderlinde, 1993; Patterson et al., 1993; Duffy et al., 1994 and Farber et al., 1996) to
predict the growth of L. monocytogenes on meat products. Therefore, growth rates on
meat products reported in literature were compared with predictions given by the
various growth models, by means of graphical and mathematical analysis.

Materials and methods
Models
General models

Gamma-concept (Zwietering et al. 1996):
This model is based on the fact that the effect of various factors affecting the
growth rate of micro-organisms can be combined by multiplying the separate effectsThe effect of water activity is assumed to be linear, the effect of pH parabolic and the
effect of temperature is supposed to follow the quadratic Ratkowsky equation:

jU = c { a w - a w

mJ(pH

- pHmn)(pHmM - pH)(T-Tmin)2

The equation can be extended to include models describing the influence of
effects, e.g preservatives, packaging conditions. The various hurdles can be
by separating the effects:
r = ~ ^ — = 7 ( T ) -Y ( p H )
M ,,P,

y ( a

H

(D
additional
quantified

)
(2)

The relative effect of one variable can be described by the gamma-factor of that variable/

Y(T)

=
v

T - T

r

(3a)

Topi - T min

< PH„P, - pHm X p H m - p H v )

r <

° ~ (\-a
V

)

wmin'

<*"

<*>

Symbols:
Tmin , pHmin ,

organism parameters; minimal growth temperature, pH and vvate
activity of a micro-organism;
Top, , pHopt= organism parameters; optimal growth temperature and pH;
pHmax= organism parameter; maximal pH at which growth just stops;
T, pH and aw = product- and process parameters; storage temperature, pH and wat
activity of the product under study.
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Quadratic equation (Farber et al. 1996) to predict the influence of temperature, pH and
C02 concentration on growth of L. monocytogenes:
ln(gen / d a g ) = At>+ A > p H + A i T + AiCO2 + A< pHT •+•

pH CO2 + A<,TCO2 + AiT1 + A*COi2

(9)
In this case C02 not taken into account (C02= 0). This leads to the following quadratic
equation:
In ( g e n t d a g ) = A o + A , p H + A i T + A > p H T + A 1 T 2

(10)

T = temperature (°C); C02 = percentage C02 in the package; Ai -As = coefficients for the
quadratic equation; A0 = 3.9651; A1 = -0.4823; A2 = -0.6517; A4 = 0.0395; A7 = 0.0153.
Validation

Validation can be carried out on the basis of the same data as the model was set up with/
i.e. internal validation. External validation uses new data, e.g. literature data, to assess
the quality of the predictions of the model. The adequacy of a model to predict data ca&
be assessed graphically or on the basis of mathematical and statistical parameters.
Graphical comparison
Literature values for growth rate in foods can be plotted against the correspondis#
predictions of a model. From this plot, predictions which would be unsafe in practice
can be visualized readily, and the overall reliability of the model assessed.
Mathematical /statistical comparison
Several mathematical and statistical indices can be used to evaluate the performance of
predictive growth models. These are described below.
1) percentage goodness of fit (Grau and Vanderlinde, 1993)
lOOx Pre^cte<^ M ~ observed (1
observed fl
The difference between the calculated and experimental growth rate (p (h1)) expressed
as a percentage of the experimental value.
2) Mean square error (MSE) (Adair et al., 1989; Sutherland et al, 1994).
_ RSS
5 > observed - n predicted)*
MSE =
=
n
n

n7)

The MSE, the residual sum of squares divided by the number of datum points, 1®
measure of variability remaining after fitting a model, that is not accounted for *
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5) accuracy or precision factor (Ross, 1996). Thehow close, or. average,
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^ogiGTprediCed / GTobserved)^)

(M)

accuracy factor = 10
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^dicates that the prediction is, on average,
Value, i.e. either half as large or twice as large.

An accuracy factor of 2
from the observed
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Results and discussion
The reliability of the models predicting growth of Listeria in meat products was tested
by comparing predictions with observations for growth in meat(products) reported m
literature. The literature validation excercise revealed marked deficiencies in the
literature itself. In many publications information about the foods, experimental desig11
and/or methods was incomplete or data were not suitable for curve-fitting and deriving
kinetic parameters. A total of 83 data sets from 20 references were used.
In Figure 1 an example of the comparison of observed and predicted growth rates is
given for the Gamma model.
Figure 1 Comparison of published
growth rates (h-1) and those predict^
using the Gamma model for Listeria tn
meat(products).

0.2

0.4

Observed growth rate (h-1)

In general, good agreement across the range of growth conditions was shown betvvee11
observed and predicted values. The trend over a large range of decades (0.002 -0..5) **
predicted well. Most points fall close to the line of equivalence, indicating that the mO"e
predicts growth rates similar to those reported in published studies. Sometimes, the1®
was poor agreement, this may be due experimental error, natural variability, mode
inaccuracy, additional relevant factors influencing growth (e.g. preservatives, modify
atmosphere packaging) not (yet) implemented in the models or near-limiting groW10
conditions.
For the other models similar trends were observed, except for the model of Duffy e*
1994. This model was developed to describe growth of Listeria on meat at 5 °C, thereto^
it can not be extrapolated for use at other temperatures. Only the effect of water active
and pH were taken into account in this model, while temperature is generally the
important controlling factor in these type of products.
The mathematical and statistical comparison of 6 models (both general and spe^
models) for prediction of growth of Listeria on meat(products) is given in Table 1.

Table 1 p i
Sordine trT,J!?00" o{,6 models predicting growth of Listeria on meat(products)
xous mathematical/statistical characteristics (83 data sets)

?0%

observations for which the predicted growth rate differs more than
°m ^ sported growth rate.

CqHn^.
°bservecj a. ^ var*ous mathematical and statistical characteristics in Table 1, it can be
ttte xriQJ 1 at overaU the Gamma model performs best. However, differences between
111ode] oA* Äcfre Sma^' ^ models are 'fail safe' models (bias factor < 1), except the
9s ^ has
mer>tioned before this model should not be extrapolated,
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C°ncept:
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Product d
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es
ak°ut2 m CTeVer/ models can only be used to support decisions. The accuracy factor of
1
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° e relied upon as the sole determinant of the products' safety.
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