-Predictive microbiological models are also useful when the shelf-life has been determined, but the product is then subject to a minor process or formulation change (either planned or unplanned through loss of process control). A predictive microbiological model can then be used to initially establish if the change might have any effect on the safety and shelf-life of the product.

-Predictive microbiological models allow product developers to pinpoint the combinations of hurdles that may achieve a desired shelf life. These specific conditions can then be tested by experiment if necessary thus reducing the cost of challenge studies.

• Application of Predictive Modeling in R&D support and Operational support

• For SL and process/formulation assessment :

-Investigating microbial growth, growth limit, inactivation against a range of formulation/process conditions, to:

• develop new products and processes,

• reformulate existing products,

• determine storage conditions and shelf-life -Widely used for temperature, pH and a w -But also for process (HT) and preservatives (weak acid, nitrite…)

-Widely used to predict pathogen behavior (safety first)  existing model and software publicly available -But also with spoilage  less model publicly available  custom microorganisms and conditions

• Complementary to challenge testing

• Other use in R&D:

• Before starting challenge-tests:

-Data gap analysis: check if model or data available -ComBase and other software -Hazard screening (e.g. growth / no-growth limit in case of multi-hurdles) -Aid in experimental design

• (As a part of exposure assessment when performing a RA) • (Assessing compliance with a PO/FSO ) Operational support

• Food safety management:

-Setting CCP in HACCP -Aid in establishing guidelines (ex. GMP for chilled cooked products)

• In case of incident, associated with:

-"a minor process or formulation change (…. unplanned through loss of process control)" (FSA) -Raw materials, storage time during two process steps, logistic delay, endproduct storage…. etc • France (2010):

• 1/3 of SL at 4°C and 2/3 at 8°C

• Rule followed by most companies in France • Time-Temperature profile:

-1/3 of SL at 4°C and 2/3 at 8°C -1/3 of SL at 4.4°C, 1/3 at 5.6°C, 1/3 at 7.9°C  Assess whether < 2 log cfu/g at the end of shelf-life -Advantages of using Predictive modeling tools for SL assessment:

• Sequential use: Use a model and then, if authorities required, performed a shelf-life test.

• Flexibility when assessing growth at various time/temperature profile (eg. French vs European demand)  Modeling tools enables to build a case, to go beyond experimental results.

• Here, an example with temperature, but with L. monocytogenes, estimating combinations of pH and a w enabling to achieve a desired SL is also possible (growth model well established).

EFSA BIOHAZ Panel

New tools to predict growth have been developed since 1999 and can be used to determine if the product will or will not support growth of L. monocytogenes and estimate the extent of growth during the shelf life. However, the use of predictive models should be combined with validation studies, especially for foods close to the growth/no growth boundaries. EFSA Journal ( 2007 

PC=4.6

• From literature data and modeling step:

• D value at 70°C

• From literature and food safety assessor:

• targeted log inactivation  4.6 log of Salmonella as the target (PC)

• Heat-treatment time at 70°C:

t 70 = PC x D, logD as the upper limit of 95th CI "Predictive microbiological models allow product developers to pinpoint the combinations of hurdles that may achieve a desired shelf life" (FSA).

Process and formulation

• Heat treatment inactivation effect is interpreted as a probability (M. Nauta, 2001):

p: probability for one bacteria to survive the HT examples:

• 12 log reduction: proba for 1 bacteria to survive: 10 -12 • 6 log reduction: proba for 1 bacteria to survive: 10 -6

 Inactivation = -log(proba)

JM Membré -ESPCA Brazil 2013 October 29

Process and formulation

• Based on literature (Hauschild 1982, Lund 1993, Schillinger et al. 1996) • Heat treatment injury effect is interpreted through the lag time -Lag time: time for the spore to recover, germinate and then cell to multiply

• Lag = f (HT, St T, pH, aw)

lag time expressed as a probability that growth is observed within the product SL

• P = Pr{ Lag < SL } -Example (approximation):

• Lag=10 days, SL=40 days: -Proba of observing growth within the SL = 100% -Injury effect = 0 • Lag=50 days, SL=20 days:

-Proba of observing growth within the SL ≤ 0.001% -Injury effect ≥ 5

 Injury = -log(proba)

J • Main difficulty/challenge: Convincing the end user (product developer or safety assessor) who -Refers first to authority requirement (SL test instead of models, even for L. monocytogenes) -Does not have the modelling skills, always feel more comfortable with microbiological data than with models

Introduction•

  FSA Ireland (http://www.fsai.ie/) -In product development a predictive microbiological model may allow a food business to evaluate the safety and stability of new formulations and identify those which may give a desired shelf-life.

  L. monocytogenes growth, information is available • Models exist • They have been validated, e.g. L. mono growth on meat products • They have been implemented in easy-to-use software, e.g. SeaFood Predictor and Sym'Previus

-

  ) 599, 1-42 JM Membré -ESPCA Brazil 2013 October 29 Overview • Predictive modeling in industry: introduction • Examples -Shelf-life / Listeria monocytogenesdelimeat -Process / Salmonella -Poultry -Process and formulation / Clostridium botulinumchilled cooked foods • Frozen cooked chicken • pH neutral, high a w • No preservatives • European market  Industrial practice 70°C for 2 min ("Listeria cook")• Hazard Id: Salmonella• Internal data: very low prevalence of Salmonella in raw materials• Question: Is it feasible to decrease the HT? log inactivation targeted? -At 70°C (to make comparison with current practice easier), how long the HT?• Information needed?-Initial prevalence/level in poultry, before the heat treatment step -A framework to define how many log reduction needed -(assuming log linear reduction ) -Heat resistance (D values) in poultry at 70°C -Model to calculate D at 70°C if data at 70°C not available Initial prevalence/level in poultry, before the heat treatment step • Internal data: a lot of data collected for several years • Literature data: max level of 3.2 log cfu/g (1,500 cfu/g) -A framework to define how many log reduction needed • ICMSF (2002), Walls (2005) • Nf  Microbiological criterion ; absence in 25g : Nf < -1.4 log cfu/g (0.04 cfu/g) • Uncertainty:safety margin: + 1 log reduction, or confidence interval upper limit of D value(v Gerwen et al. 2000) -No data to calculate directly the heat resistance in poultry at 70°C, D 70 -Model to calculate D at 70°C• Literature: Inactivation curves at 58-65°C(Juneja et al. 2001) 

-

  of models in industry for process settings has a long history! • Comfortable when using log linear model (log inactivation ; D and z concepts) • Implemented in Excel sheet, in internal software…. Common practice -What about the other heat inactivation models? • Primary Model: overall less validated non log linear models (Weibull model) than log linear ones • Secondary models: A few industrial experiences with models more complex that HT Temperature -E.g. French Industrials having intermediate-acid-products have incorporated the pH effect in D model  Less use of publicly available software  More fit-for-purpose models, i.e. required modeling skills -Another challenging task is to go beyond "Golden rules" ("safe harbor") • E.g. F0 3 (3 min at 121°C), "Listeria cook" (2 min at 70°C) • Move towards risk-based management is still limited in European SMEs JM Membré -ESPCA Brazil 2013 October 29 Overview • Predictive modeling in industry: introduction • Examples -Shelf-life / Listeria monocytogenesdelimeat -Process / Salmonella -Poultry -Process and formulation / Clostridium botulinumchilled cooked foods • Chilled cooked foods, Shelf-Life around 4 weeks • Non proteolytic Clostridium botulinum, able to grow under chilled conditions • Actual Performance standards ("safe harbor"): 6 log reduction. 90 o C for 10 minutes to address nonproteolytic C. botulinum in chilled foods (ACMSF) • Is it feasible to reduce the HT by combining HT with pH (and a w ) effect? Process and formulation • Knowing the general Standard ('Golden rule') widely used in food industry (Europe, US): 6-log reduction -Determine if 90°C for 10 min is necessary to deliver a 6 log reduction, If not -Determine combination of HT and pH (and a w ) to achieve a desired shelf life

-HT

  .-M. Membré, 2012. Setting of thermal processes in a context of food safety objectives (FSOs) and related concepts. In "Progress on Quantitative Approaches of Thermal Food Processing" . Ed. Valdramidis, V.P. & Van Impe, J.F.M. • Degree of Protection: inactivation + injury • Degree of Protection  Performance criteria (PC) • Log reduction = -log(proba inac ) + -log(proba inj ) = -log(proba inac x proba inj ) = -log(proba) • Example -Degree of Protection of 6 -1 . 10 -6 : Proba of surviving the HT and recovering within SL -Value which might be achieved by 2 log inactivation and 4 log inhibition • Chilled cooked foods, Shelf-Life around 4 weeks • Non-proteolytic Clostridium botulinum spores • Inactivation: equivalence of HT using z-value of 7Cº • Inhibition: build a lag model using literature data (18 sources) Application of predictive modelling • Suggest combinations of process (HT) and formulation (pH) which guarantee a PC of 6 log, under realistic supply-M. Membré et al. 2009. In S. Martorell, C.G. Soares, J. Barnett (eds). Volume 3, pp 2295-2303.Publisher: CRC Press, Taylor and Francis Group, London ': Probability of surviving the HT=1. 10 -2.4 86 for 15': at pH 6.0, aw=0.996, US Retail T, Pr{Lag<40d)=1.10 -3.6 Together, probability of surviving HT and start growing within SL: 1. 10 -6 models in industry for combination of hurdles, e.g. process and formulation• For pathogen growth, many models (pH, aw, Temperature effect), though limited added value • For pathogen and spoilage: combination of preservative hurdles (pH, weak acid, nitrite…)• Demand of models combining process and formulation as trend to remove chemical preservative (towards "clean label")-Process (HT but also HP and other alternative technology) and formulation• Often a sequential effect:first process to kill/injure microorganims -And then formulation to inhibit growth of injured microorganisms  Often fit-for-purpose models, i.e. required modeling skills or multi partners R&D projects  Often model implemented in exposure assessment model (Modular model) -Advantages of using Predictive modeling tools:• Just impossible to generate enough data to cover all combinations of levels (R&D development)-Once a combination of process and formulation is determined by modeling, challenge-tests are (often) carried out. JM Membré -ESPCA Brazil 2013 October 29 Conclusion -1 • Predictive modeling tools are used in industry in Europe • Two types of models • External models in software / Literature • Common practice • "Screening" (prioritization) -Hazard identification • To get valuable information on pathogens (e.g. L.monocytogenes) • To collect information before developing internal models or generating data • Fit-for-purpose models/tools • Time and resource intensive • Only in companies having internal resources and for R&D application • Or through multi partner R&D projects • Might cover pathogen, but added-value is often in product quality (spoilage) JM Membré -ESPCA Brazil 2013 October 29 Conclusion -2 • Application of PM in industry will continue along with science development in -Food safety management (e.g. risk-based management) -Modelling techniques (e.g. stochastic models) -Microbiology (e.g. emerging hazard) -Food technology (e.g. High Pressure)

  

 By combining HT and pH