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Predicting outgrowth and inactivation of Clostridium perfringens in meat 

products during Low Temperature Long Time (LTLT) heat treatment 

Introduction 
Sous-vide cooking and molecular gastronomy use LTLT 

heat treatments. Heat treatments, at temperatures as low as 

50°C, have been suggested by celebrity chefs. LTLT 

treatments often take hours to reach the final core 

temperature and Cl. perfringens is, therefore, of special 

interest as it may outgrow during the heating time. The 

present study was undertaken to set up a predictive tool to 

establish the outgrowth potential of Cl. perfringens in LTLT 

meat products as a function of the applied heating profile. 

Zhi Duan1,2, Tina Beck Hansen3, Terese Holst Hansen2, Paw Dalgaard1, Susanne Knøchel2 

1 Division of Industrial Food Research, National Food Institute, Technical University of Denmark, 2 Department of Food Science, University of 

Copenhagen, Denmark; 3 Division of Food Microbiology, National Food Institute, Technical University of Denmark 

µmax= b T−Tmin
2

1−ec T−Tmax aw−awmin 2−aw−awmin 1−10(pHmin−pH)     (1) 

Fig. 2. Observed and predicted kinetics for vegetative cells in (a) pork at fast LTLT; (b) pork at 
slow LTLT; (c) chicken at fast LTLT and (d) chicken at slow LTLT. Observed data from trial 1(♦, 
▲) and trial 2 (□, x) with ▲ and x indicating values below the limit of detection. Kinetics were 
predicted using relative lag time (RLT) values of 0.0, 2.1, 4.2 and 6.5. The RLT value 6.5 was 
estimated by fitting the model to literature data, and the other RLT values were manually 
selected for comparison.  

(ASZ) method was used to evaluate the performance of the 

models. 
 

Results 
None of the available model from the literature successfully 

predicted growth and inactivation of Cl. perfringens at the 

LTLT conditions studied. A new growth rate model (Eq. 1) 

was developed from literature data (n = 215) and combined 

with a Bigelow inactivation model relying on D-values at 53°C 

(Table 1) and a z-value of 10.3°C from van Asselt et al. 

(2006). Short lag times were observed in most of the 

challenge tests, and to obtain successful fail-safe predictions 

relative lag time (RLT) values of 2.1 or less were required 

(Fig. 2). The model developed from isothermal literature 

growth data  predicted longer lag times than observed in the 

challenge tests. This difference was due to physical states of 

the inoculums which was possibly caused by the low 

temperature adaptation at 5°C being used for the dynamic 

temperature LTLT challenge tests. This resulted in short lag 

times and we believe these are realistic when Cl. perfringens 

in chilled meat are exposed to LTLT heat treatments.  

 

Treatment before heat 

inactivation Observed D53 values (min) 

Fast LTLT 256 ± 60 

Slow LTLT 320 ± 78 

Table 1. D53 values after the different LTLT conditions were significant 

difference (P=0.04). 

Methods 
Challenge tests were performed using two LTLT 

temperature profiles (Fig. 1) with three types of inoculums 

(spores, heat-activated spores and vegetative cells). The Cl. 

perfringens 790-94 strain was studied in pork (pH 5.6) and 

chicken (pH 6.8) meat. Growth data from LTLT challenge 

tests with beef were collected from the literature. All growth 

data were used to evaluate three growth models originally 

developed to predict growth during cooling (Le Marc et al. 

2008, Juneja et al. 2011, Jaloustre et al. 2011). Inactivation 

data at 53°C in the challenge tests were used for evaluation 

of three inactivation models (Foegeding and Busta 1980, 

van Asselt and Zwietering 2006 and Jaloustre et al. 2012). 

The Logistic model with delay was used to predict growth 

kinetics. A secondary model (Eq.1) was used to predict the 

effect of temperature, pH and water activity on the maximum 

specific growth rate (µmax). A log-linear model was used to 

predict inactivation when the temperature in challenge tests 

reached 53°C. The fail-safe acceptable simulation zone  

Highlights & Conclusions 
The present study developed a fail-safe model for 

combined growth and inactivation of Cl. perfringens during 

LTLT treatments. As an example to obtain 5 log-reductions, 

the new model predicted the core temperature of meat 

should increase from 10 to 53ºC within 2 hours and the 

additional incubation time could be 14 hours for 56ºC or 9 

hours at 58ºC.  

Fig. 1. Temperature 

profiles of “fast LTLT” 

and “slow LTLT” heat 

treatments. When  

reaching 53°C,  

temperature remained 

constant until 30 h.  
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