Predictive Microbiology Tools for Evaluating the Compliance of RTE Foods with the New European Union Safety Criteria for Listeria monocytogenes
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Abstract

This study presents predictive microbiology tools for evaluating the compliance of RTE foods with the new safety criteria for L. monocytogenes.  A probabilistic modeling approach is described that combines: a) growth/no growth boundary models, b) kinetic growth models, c) data on product characteristics (pH, aw, shelf-life) and d) storage temperature data recorded from 50 retail stores in Greece.  The probabilistic analysis of the above components using Monte Carlo simulation, which takes into account the variability of factors affecting microbial growth, can lead to a realistic estimation of L. monocytogenes levels in the products throughout the food-supply chain.  The developed approach was also used for evaluating the probability of food spoilage. The quantitative output generated can be further used by food managers as a decision-making tool regarding the design or modification of a product’s formulation or its “use-by-date” in order to ensure compliance with the new safety criteria and quality of the products.  

Introduction
According to the new EU Regulation (EC 2073/2005), food safety criteria are those that “define the acceptability of a product or a batch of foodstuff applicable to products placed on the market”.  Of particular interest in the food safety criteria-compared to the previously existing legislation- are the legislative amendments regarding L. monocytogenes in RTE foods.  RTE foods other than those intended for infants or special medical purposes are sub-divided into those that are able to support the growth of L. monocytogenes and into those that are not.  Products “with pH ≤ 4.4 or aw ≤ 0.92, products with pH ≤ 5.0 and aw ≤ 0.94 and products with a shelf-life of less than five days” are automatically considered to belong to the category of RTE foods that are unable to support the growth of L. monocytogenes.  The Regulation also states that “other categories of products can also belong this category, subject to scientific justification”.  Last, the food safety criteria for L. monocytogenes are adjusted according to their temporal stage in the food-chain.  Thus, for RTE foods that are able to support the growth of L. monocytogenes, the new Regulation demands the absence of the pathogen (in 25 g) “before the food has left the immediate control of the food business operator, who has produced it”, but allows for up to 100 CFU/g for “products placed on the market during their shelf-life”.  The 100 CFU/g limit also applies throughout the shelf-life of marketed RTE foods unable of supporting L. monocytogenes growth.

At a first glance, the new safety criteria for L. monocytogenes might appear more lenient towards food manufacturers; however, this is not necessarily the case.  Rather, the new Regulation can be viewed as more pragmatic, albeit not comprehensive (see Discussion), and certainly generates novel responsibilities for food manufacturers.  For RTE foods that are able to support the growth of L. monocytogenes, Regulation 2073 specifies that the “100 CFU/g” criterion “applies if the manufacturer is able to demonstrate, to the satisfaction of the competent authority, that the product will not exceed the limit of 100 CFU/g throughout the shelf-life” and the “absence in 25 g” criterion applies only when the manufacturer is “not able to demonstrate, to the satisfaction of the competent authority, that the product will not exceed the limit of 100 CFU/ml throughout the shelf-life”.  It is therefore the responsibility of the manufacturer to engage into research and generate product-specific data in order to provide scientific proof to meet the above requirements.

The purpose of this work was to illustrate the usefulness of predictive modeling as a tool for assessing the compliance of RTE foods with the new safety criteria for L. monocytogenes.  For this purpose we used a stochastic modeling approach based on published data on the prevalence of the pathogen in RTE deli meats together with data on product characteristics from 160 deli meat samples (such as pH and water activity that affect the behavior of food-borne pathogens in foods) and data on the temperature distribution of refrigerators in retail stores in Greece (Koutsoumanis and Angelidis, 2007). This approach was also used for the evaluation of deli meat spoilage.

Materials and Methods

For all RTE meat samples shelf-life was calculated as the difference between the expiration and production dates specified on the label.  However, the shelf-life of some products could not be calculated as no production information was recorded on the label. The temperature in 50 display cabinet refrigerators for deli meat products was monitored in six super markets located at five cities in Greece.  Temperature data were then fitted to various distributions using the @Risk Software (version 4.5, Palisade Corporation, Newfield, NY USA).

The ability of the tested RTE meat products to support the growth of L. monocytogenes was evaluated using the growth/no growth interface model published by Koutsoumanis and Sofos (10). The measured pH and aw values for each product as well as the temperature distribution of retail refrigerators were introduced into the model and the distribution of the probability of growth of the pathogen was estimated based on a Monte Carlo Simulation technique (30.000 iterations) using the @Risk Software.  The percentage of the packages of each product which are able or unable to support growth of the pathogen during storage in retail was calculated by treating the data on the probability of growth derived from the Monte Carlo Simulation as a Binomial random variable with parameter Pg:
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where Pg is the probability of growth 

The concentration of L. monocytogenes in RTE meat products at the end of shelf-life was estimated using a combination of a growth/no growth and a kinetic model.  The exponential growth rate (() and the lag phase was calculated from the models of Buchanan and Phillips (2).Growth of the pathogen was calculated using a modification of the three-phase linear model (3):
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  where: Nt=log of the population density at time t [log(CFU/g)]; No=log of the initial population density [log(CFU/g)]; Nmax=log of the maximum population density 

[log(CFU/g)]; t=Elapsed time (h); tlag=time when the lag phase ends (h); tmax=time when the maximum population density is reached (h); (=exponential growth rate [log(CFU/g)]/h and ( is the output of the Binomial (1, Pg) distribution, where Pg is the probability of growth. Based on the above modification, equation 1 predicts no growth of the pathogen when the parameter ( is equal to 0, whereas when ( is equal to 1 growth is predicted with both (  and lag phase. The initial contamination level (No) of L. monocytogenes was assumed to follow a normal distribution Normal (-9, 3.5) log CFU/g truncated to -2.3 log CFU/g based on an average package weight of 200 g.   The maximum population density (Nmax) was assumed to be constant with a mean value of 10 log CFU/g.  For products with a known shelf-life, the distribution of the concentration of L. monocytogenes at the end of shelf-life was calculated based on the above modeling procedure using a Monte Carlo Simulation technique (30.000 iterations) with the @Risk Software.

The approach described above was also applied for evaluating spoilage of deli meats. In foods where spoilage is caused by microbial activity, shelf life can be defined as the time required by the specific spoilage organisms (the organism responsible for spoilage) to grow from the initial level to a spoilage level (level at which spoilage is observed) (Koutsoumanis and Nychas, 2000). In the case of vaccum packed deli meats, Lactobacillus sake was chosen as the specific spoilage organisms with a spoilage level of 107 cfu/g (Devlieghere et al., 2000). Spoilage of deli meat products was estimated using the extended Ratkowsky model of L. sake developed by Devlieghere et al., (1999). For the initial level of L. sake in deli meats a custom distribution was used based on data collected in our lab.

Results and Discussion

The pH and aw values of each tested product are shown in Figure 1.  According to the regulation criteria, only 8.2% of these products belong to the category of not supporting L. monocytogenes growth.  This indicates that for the majority of the RTE meat products that are available in the market the food industry should evaluate their ability to support growth of L. monocytogenes.
The characteristics of the tested meat products (pH and aw) were compared with the pH and aw limits of growth predicted by equation 1 at 4, 10 and 15oC (Fig. 1a).  The results showed that 121 out of 160 products (75.6 %) are predicted to be able to support growth at 4oC.  Increasing storage temperature however, leads to a shift in the growth limits.  As a result, the percent of the tested meat products that are predicted to be able to support growth at 10 and 15oC increased to 85.0% and 89.4%, respectively (Fig. 1).  For example, this means that, depending on their pH and aw, some products are unable to support growth at 4oC, but are able of doing so at 10oC.  However, Regulation 2073/2005 does not include a clear guideline regarding the temperature at which the industry should evaluate the ability of its products to support or not the growth of L. monocytogenes.  The only reference on temperature in the Regulation is under the General requirements of Article 3 where it is stated that “Food business operators shall ensure that the food safety criteria applicable throughout the shelf-life of the products can be met under reasonably foreseeable conditions of distribution, storage and use”.  In the present study, in order to evaluate the “reasonably foreseeable conditions” of storage of RTE meat products we recorded the temperature in 50 retail refrigerators for deli meats.  The results showed that temperature can vary significantly among retail refrigerators (Fig. 1b).  Temperature data were fitted to various distributions and a Normal distribution with a mean value of 4.42oC and a standard deviation of 2.63oC provided the best fit based on the χ2 test.
                            (a)                                                                               (b)
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Figure 1. (a): pH and aw values of sliced ready-to-eat meat products and growth/no growth boundaries (50% probability level) of Listeria monocytogenes at 4, 10 and 15oC The shaded area indicates products that are automatically considered as unable to support growth of L. monocytogenes according to EC Regulation 2073/2005. (b): Mean temperature in display cabinet refrigerators of the Greek retail market.


The increased variability observed in the storage temperature of RTE foods leads to the conclusion that a probabilistic approach would be more appropriate for evaluating both the ability of products to support growth of L. monocytogenes and the total growth of the pathogen during the products’ shelf-life.  Indeed, by combining figures 1a and 1b, it becomes evident that, for many RTE meat products, the ability of a product unit (retail package) to support the growth of L. monocytogenes as well as the total growth of the pathogen during the unit’s shelf-life are strongly dependent on the temperature of the refrigerator that the package will be stored in.  Thus, more realistic estimations can be obtained by taking the variability of storage temperature into account.

Using the probabilistic approach proposed in the present study both the distribution of the probability of growth of L. monocytogenes in a given product and the percent of the product’s packages in the market that are able or unable to support growth of the pathogen can be estimated.  The cumulative distributions of the probability of growth of L. monocytogenes in two representative products as predicted by the model are shown in Fig. 2. For bresaola (pH=6.75 and aw=0.924) only 0.1% of the packages is predicted to support growth of the pathogen (Fig. 2a). For a pork-shoulder product (pH=5.49 and aw=0.943) however, it is predicted that 33.3% of the packages will be able to support the growth of L. monocytogenes (Fig. 2b).  The question arising for the latter product is whether it should be categorized in the group of RTE foods that are able of supporting the growth of L. monocytogenes or to the group of RTE foods that are unable of supporting the growth of the pathogen.  Interestingly, as in the case of the pork shoulder example, for most of the RTE products available in the market the answer to the above question is not clear.  From the 160 RTE meat products tested in the present study in only 27 (16.9%) was the percent of packages that are able to support the growth of L. monocytogenes equal to zero.  The above results indicate the need for guidelines on categorizing the products in a more probabilistic way.  Although it is not easy to include such guidelines in a regulation some recommendation on the “level of agreement” of a product to each category is required.
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Figure 2. Cumulative distribution of the probability of growth of Listeria monocytogenes in (a) bresaola   and (b) pork shoulder and percent of packages that is able or unable to support growth of the pathogen during storage in retail. 

The distributions of the L. monocytogenes concentration in the packages of bresaola (shelf-life=98 days) and pork shoulder products (shelf-life=113 days) at the end of their shelf-life are shown in Fig. 3. The simulation results showed that the pathogen will exceed the criterion of 100 CFU/g in 3.3% of contaminated bresaola packages at the end of shelf-life (Fig. 3a).  This means that the level of compliance of this product to the safety criterion is 96.7%. For the pork shoulder product the simulation results showed that the pathogen will exceed the criterion of 100 CFU/g in 35.3% of the packages at the end of shelf-life (Fig 3b). The estimated concentration of the pathogen at the end of the shelf-life of the latter product varies significantly from -2.3 to 10 log CFU/g. As it is shown in Fig. 4b there are two groups of packages, with low and high concentration of the pathogen, respectively. This bi-modal pattern of the distribution can be attributed to the variability of the storage temperature in retail (Fig. 2). The group of packages with L. monocytogenes concentration less than 2 log CFU/g (64.5% of the total packages) are those exposed at temperature conditions which do not allow growth of the pathogen and thus the L. monocytogenes concentration at the end of shelf life is predicted to be equal to the initial level of contamination. In about 22.4% of the packages the predicted total growth of the pathogen during the shelf life ranged from 2 to 9 log CFU/g depending on the storage temperature while in 13.1% of the packages the pathogen reached the assumed maximum population density (10 log CFU/g) at the end of shelf life. The above results indicate that depending on the storage temperature some packages will not allow growth of the pathogens, whereas in some other packages the pathogen can reach high levels, especially when the product has a long shelf life as in the case of pork shoulder (113 days).
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Figure 3. Distribution of the predicted Listeria monocytogenes concentration in contaminated (a) bresaola) and (b) pork shoulder packages at the end of shelf-life in retail.

In 66.1% of the products tested in this work the level of compliance was less than 50% (i.e. 66.1% of the products tested are expected to have more than 50% of their contaminated packages exceeding 100 CFU/g by the end of their shelf-life), while only in 25%  the level of compliance was found to be higher than 90%.  However, 100% compliance was not observed for any of the tested products.  Indeed, achieving absolute (100%) compliance to the safety criterion may not be practically feasible because even for contaminated products that do not support growth of L. monocytogenes there is a finite probability for the initial contamination to exceed 100 cells/g.

Given a desired level of compliance, the proposed approach can estimate an appropriate adjustment of the product’s shelf-life or a modification in its formulation in order to achieve this compliance.  For example, for the pork shoulder product discussed above, in order to increase the level of compliance from the value of 64.7% (that is predicted with its current shelf-life of 113 days) to 90 or 95%, the shelf-life would have to be decreased to 50 or 36 days, respectively (Fig. 4a).  Alternatively, a 90% level of compliance could be achieved by maintaining a shelf-life of 113 days, but decreasing the aw of the product from 0.943 to 0.930 and increasing the concentration of NaNO2 from 50 to 100 ppm (Fig. 4b).  This capability of the proposed approach can be also utilized by the food industry for the development of new products.  The approach can provide useful information, which can serve as the basis for an appropriate product design that will assure placement of the product to the desired food category. It should be noted that it may be beneficial for the food industry to prove that a product does not support L. monocytogenes growth since in this case the zero tolerance limit for the time period until “the food has left the immediate control of the food business operator who has produced it” does not apply.
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Figure 4.. Effect of shelf-life or product formulation modifications on the cumulative probability distribution of the Listeria monocytogenes concentration in contaminated pork shoulder packages at the end of shelf-life (a: (: Current shelf-life of 113 days, (: Shelf-life of 50 days, (: Shelf-life of 36 days. b: (: Current formulation (pH=5.49, aw=0.943, NaNO2=50 ppm), (: Modified formulation (pH=5.49, aw=0.930, NaNO2=100 ppm).Dotted lines indicate the level of compliance with the new safety criteria). 
                                                (a)                                                                                 (b)
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Figure 5. Effect of shelf-life modifications on the cumulative probability distribution of the Listeria monocytogenes and L. sake concentration in contaminated pork shoulder packages at the end of shelf-life (a: Current shelf-life of 113 days, b: Shelf-life of 36 days.

The proposed approach can be also applied for evaluating the probability of food spoilage. In figure 5a the distribution of the level of both L. sake and L. monocytogenes in pork shoulder at the end of shelf life (113 days) is presented.  As it is mentioned above the level of compliance to the safety criteria is 64.7%. In addition this figure shows that 17.5% of the packages will be spoiled before the end of shelf life (L sake level > 107 cfu/g). In this case decreasing the shelf life to 36 days will increase the compliance level to 95% and at the same time eliminate the spoiled packages before the end of shelf life (Fig. 5b). Consequently, this approach can be used for optimizing both safety and quality of foods.
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