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Development and Validation of Predictive Models of
Esherichia coli O157:H7 Growth in Paprika
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ABSTRACT - This study was carried out to develop and validate predictive models of E. coli O157:H7 growth.
Growth data of E. coli O157:H7 in Paprika were collected at 12, 24, 30 and 36°C. The population increased into 3.0
to 3.8 logl 0 CFU/g within 4 days, then continued to increase at a slower rate through 10 days of storage at 12°C. The
lag time (LT) and maximum specific growth rate (SGR) obtained from each primary model was then modeled as a
function of temperature using Davey and square root equations, respectively. For interpolation of performance evalu-
ation, growth data for a mixture of E. coli O157:H7 were collected at time intervals in paprika incubated at the differ-
ent temperatures, which was not used in model development. Results of model performance for interpolation data
demonstrated that induced secondary models showed acceptable goodness of fit. Relative errors in the LT and SGR
model for interpolation data (18 and 27°C) was 100%, which show acceptable goodness of fit and validated for inter-
polation. The primary and secondary models developed in this study can be used to establish tertiary models to quan-
tify the effects of temperature on the growth of E. coli O157:H7 in paprika.
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Y, =N,+ C x exp{—exp[(2.718 x SGR/C) x (LT —t) + 1]}

Y, the viable cell count (log CFU per gram)

N,: the initial log number of cells

C: the difference between the initial and final cell number
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$3led Davey model3} Square-root model '3 A3},

Davey model?]> T334 74t}

Y =a+ (b/T)+ (c/T2)

Y: LT (day),

a, b, and c: regression coefficients without biological meaning

T: temperature.

Square-root model 2] T3} 72T}

Y= {{b(T-T,)}

Y: SGR (log CFU/ day)

B: regression coefficient

T: temperature,

T, the notational minimum growth temperature.
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N: the number of prediction cases used in the calculation.
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Fig. 1. First models of E. coli O157:H7 in paprika as a function
of temperature (12 to 36°C).
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Table 1. Growth kinetics values of primary models for E. coli
0O157:H7 in paprika

Table 3. Model Performance of secondary models of E. coli
0157:H7 in paprika for interpolation

Temperature Parameters" Dataset Model Bf Af MRE MARE %RE
(C) LT (h) SGR (log CFU/h) MPD Interpolation LT  0.98 1.18 —0.04 0.17 84
12 58.64¢ 0.243* 6.02° SGR 1.00 1.04 -1.03 0.04 100
24 5.59¢ 0.503°¢ 6.46° LT : Lag time, SGR: specific growth rate.
30 3.86° 0.722¢ 6.56% Bf: Bias factor.
36 2.66° 0.878f 6.20¢ Af: Accuracy factor.

ULT, lag time (h); SGR, specific growth rate (log CFU/h); MPD :
maximum population density (log CFU/ml).

*®Values in a column followed by the different letter are signifi-
cantly different (p < 0.05).
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MRE: The median relative error.
MARE : The mean absolute relative error.
% RE : The percentage of relative error.
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Fig. 2. Secondary LT and SGR models of E. coli O157:H7 in
paprika as a function of temperature (12 to 36°C).
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Fig. 3. Relative error plots with an acceptable prediction zone for
lag time and specific growth rate.
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Table 2. Model Performance of secondary models of E. coli O157:H7 in paprika

Model Goodness-of-fit Predictionbias Prediction accuracy Model equation
R® Bf* MRE® Af° MARE®
LT 0.999 0.88 ~0.08 1.13 0.15 Y = 17.74 + (-1078/T) + (18821/T2)
SGR# 0.994 1.00 -0.01 1.02 0.02 Y = (0.01874(T + 14.38))*

3R?: Coefficient of determination.

°Bf : bias factor.

‘MRE : median relative error.

d4f: Accuracy factor.

*‘MARE : mean absolute relative error.
LT : Lag time (h).

¢SGR : Specific growth rate (log CFU/h).
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