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To render food safe to eat the majority of processed food undergoes some form of heat treatment to kill or disable spoilage and pathogenic bacteria.  The food chain from slaughter or harvest until consumption is reliant on a heat process to reduce microbial levels on most foods.  This can be in the form of cooking or of a milder pasteurisation treatment designed to remove or reduce microbial levels whilst still retaining product characteristics.

Numerous models exist to predict microbial inactivation and Geeraerd, Herremans & Van Impe (2000) have compared them.  They point out that in most published models the classical D and z values approach used for sterilisation is unable to deal with the non-log-linear behaviour of survivor curves during mild heat treatments.  A consistent factor in the development of microbial inactivation models in the past has also been the use of data obtained from inactivation of microbes in broths, cans or water baths.  By using ‘artificial’ media these models are reliable within the constraints they were developed but do not provide accurate predictions of microbial inactivation on real food surfaces.

The drawback with these types of models became clear to the authors first began to study microbial decontamination of foods.  In trials where a food surface was heated to a set temperature, the level of microbial reduction was always lower than was predicted from published data.  It became clear that microbes could be killed far more easily in a broth than on the surface of real foods.  This is perhaps due to crevices and cracks, different thermal properties of the food constituents (e.g. fat and lean in meat), water activities and different nutrients, which affect the survival of microbes.  This was borne out by the work published by Murphy, Marks and Johnson (2000) that compared the reductions in microbial D values between chicken breast meat (blended chicken meat placed in metal containers in a water bath) and those obtained from a peptone-agar aqueous solution.  In all trials the D values were lower in the peptone-agar solution than the blended chicken meat (between 24 and 52% lower for Salmonella and between 30 and 85% lower for Listeria innocua).

Work carried out by Line et al also demonstrated that differences in fat levels influenced survival of Escherichia coli 0157:H7.  Trials with ground beef (2% or 30.5% fat) inoculated with E. coli 0157:H7 and sealed in glass ‘thermal death time capsules’ placed in a water bath at 52°C (for up to 300 minutes), 57°C (for up to 30 minutes) or 63°C (for up to 15 minutes) showed that D values for fatty meat exceeded those for lean beef.  Fain et al made the same conclusions when examining different fat levels in ground beef and turkey inoculated with L. monocytogenes.  However, work by Kotrola & Conner concluded that fat level had little influence on D values.  They pointed out that heating rates in water baths where both fat and lean samples were heated at the same water temperature might be different, as the thermal properties of the food may have influenced the heating rate.

FRPERC became interested in learning about what happened to microbes on the surface of real foods during short time pasteurisation treatments.  Literature searches showed that very few trials had been carried out with real foods, although some interesting longer time pasteurisation trials had been carried out with real food that had been vacuum packed or placed in cans (Murphy et al, 2001; Cooksey, Klein, McKeith & Blasehek, 1993; Kae-Tae, Murano & Olson, 1994, Unda, Molins & Walker, 1991).  In addition since the start of the Bugdeath project Murphy, Driscoll, Duncan, Osaill and Marcy (2004) have carried out cooking trials with chicken leg quarters injected with Salmonella in an air/steam impingement oven and Murphy & Berrang (2002) have carried out trials with vacuum packed cooked chicken (inoculated with Salmonella Seftenberg and L. innocua) during hot water pasteurisation (88°C for between 5 and 30 minutes).

There is little published data on the thermal death kinetics of micro-organisms on the surface of foods in rapid heating systems.  In many cases surface temperature of the food in question was not accurately recorded and therefore the time-temperature treatment undergone was difficult to relate to the microbial death that resulted.  Data has been produced for chicken skin heated in water (Notermans & Kampelmacher, 1975) and other authors have produced limited data sets during decontamination studies (James, Brown, Evans, James, Ketteringham and Scholfield, 1998; Evans & Brown, 1999).  However, the time-temperature treatments were not well enough defined, or comprehensive enough for accurate predictive modelling.
Most contamination by pathogenic and spoilage organisms is present on the surface of food at the time of harvesting (Beuchat, 1998) or is transferred to the surfaces during slaughter and processing (Gill, 1979, 1980).  It is clear that very little work has been published on minimal heat treatments and that most inactivation work has concentrated on longer time heat treatments on model foods that had been vacuum packed or enclosed in containers and heated in water baths.
Evidence has been published that rapid dehydration of inoculated organisms results in increased heat resistance and that trials carried out in vacuum packs where the surface aw is close to 1 would not be applicable to dry heat treatments where the surface aw can fall rapidly during heating (Goodfellow & Brown).

The result of this investigation was a comprehensive review on decontamination (James & James, 1997), the findings of which led to the ‘Bugdeath’ project that was funded under the EU Framework 5 Programme in Food Quality and Safety.  The prime objective of the project was to produce accurate dynamic predictive models of the reductions in microbial numbers that could be achieved on the surface of foods during surface pasteurisation processes.  The project aimed to deliver a user-friendly model that would enable a wide range of food manufacturers to design more effective and efficient surface pasteurisation treatments than could be produced with any current microbial death models and data.

Being able to accurately predict microbial death under dynamic heat treatments is a complex process that required the collaboration of expert engineering, microbiology and mathematical modelling teams from across Europe.  Eight research teams were recruited to carry out this task coordinated by FRPERC from the University of Bristol.  To create an accurate model the team required an accurate means to measure microbial death.  A novel test apparatus that controlled food surface temperature was therefore developed as one of the first tasks within the project by the University of Bristol.  This was used by the microbiological teams at Teagasc, The National Food Centre (NFC), Campden and Chorleywood Food Research Association (CCFRA) and the University of the West of England (UWE) to accurately set a time-temperature treatment that they could then relate to microbial death on selected foods.  The model was developed by four teams: the Katholieke Universiteit Leuven who worked on the microbial death model, Institut National De La Reserche Agronimique (INRA) and Ecole National D’Ingenieur Des Technoiques Des Industries Agricoles et Alimentaires (Enitiaa) who worked on the heat and mass transfer model and Universidada Católica Portuguesa who combined the microbial and heat transfer models and developed the user friendly software.

To create the dynamic conditions required for the model the test apparatus was designed to be able to heat and cool the surface of samples of food.  Temperatures on the surface of the food were accurately controlled to allow temperatures to be increased or decreased at a set rate over a defined time period.  Both wet (steam) and dry (air) heating were incorporated into the test apparatus.  The apparatus delivered was capable of ‘rapid’ heating processes, where surface temperatures rose from 5 to 100°C in less than 1 minute, could be held at a set temperature and then cooled rapidly.  Slower heating and cooling processes could be carried out to compare the effects of heating and cooling rates on bacterial death.

Due to the limited timescale the death kinetics of only a selected number of bacteria and products could be described within the project.  NFC concentrated on E. coli K12 MG1655 and S. typhimurium DT104 on beef and CCFRA concentrated on L. monocytogenes Scott A on potato, with and without skin.  UWE were able to monitor microbial metabolism on a large number of foods using bacteria tagged with bioluminescence lux genes that could be viewed using a low-level light camera.  This enabled them to view the rate at which the metabolism of microbes changed during heating and cooling treatments.

Results from this complex project are presented as 9 papers within this special issue of the Journal.  During the project a number of new and interesting areas have been investigated and are described in the papers.  The microbial modelling has for the first time enabled growth during initial heating, inactivation during heating and heat resistance effects to be combined in one model.  The influence of surface aw became clearer as the project progressed and the need for mass transfer modelling and including aw into both the heat and microbial models was apparent.  Therefore the combined model not only predicts both heat and mass transfer but also combines these effects into the microbial predictions.  We believe that the software produced at the end of the project considerably improves the knowledge on microbial death kinetics.  Although the model currently has limited microbes and foods it is planned that the model and test apparatus will be commercially available after the end of the project.  Therefore further data can be created for inclusion into the model to allow users to predict the death of a wide range of microbes during varied dynamic procedures on other foods.
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