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INTRODUCTION

In ‘sous vide’ catering systems, products are prepared or pre-cooked under vacuum in hermetically sealed pouches or bags.  The heat treatment given is often mild, equivalent to pasteurisation, and products are then chilled and distributed under refrigerated conditions.  At the point of service the foods are re-heated by a number of different methods according to the equipment available and suitability for the food items, e.g. conventional forced air ovens, microwave, hot water baths, etc.  Such processes separate the areas of production, service and consumption and offer considerable commercial and logistical advantages.  However, there considerable concerns have been expressed on the shelf-life and safety of such processes.  The majority of ‘sous vide’ products are low-acid and high-moisture (high aW); thus effective temperature control, of heating and refrigerated storage, are the only barriers to survival and outgrowth of surviving pathogens.  There is considerable evidence that at least some stages of the chill chain are incapable of achieving and maintaining the necessary very strict temperature control regimes.  Dependence on temperature control as the single hurdle to microbial growth is insufficient to assure safety and extended storage life to such products.  Information on the reduction of risk, by understanding the interactions and thereby effective application of heating and cooling regimes for the control of foodborne pathogens, was urgently required.  The potential application of additional hurdles, e.g. pH, organic acids, aW, competitive microflora, thermal processing, modified atmospheres, was also addressed in this EU-funded Project.

The design of cooker/coolers for ‘sous vide’ foods production has been largely empirical, and although it is generally accepted that thermal processes cannot deliver similar heat/temperature profiles to all items of product within a cooker.  Detailed information on the performance of cooker/coolers regarding velocity/ temperature profiles of air and the variability in temperatures achieved within products, is generally not available.  Similarly, although non-linear death curves of both vegetative cells and spores are recognised as occurring to differing degrees, the application of the classical linear death curves (D- and z- values) is still used to establish a thermal process.  Predictive dynamic models of heat transfer to products, and of non-linear death curves would be of considerable benefit in the design and operation of cooker/coolers and in determining the efficacy of heating regimes.

ABSTRACT

This project had four main objectives, namely to;

i) improve the safety and quality of ‘sous vide’ foods through an understanding of the responses of micro-organisms to processing and storage conditions specific to ‘sous vide’ foods;

ii) design and validate additional ‘hurdles’ to the survival and growth of micro-organisms; 

iii) model the air and heat flows in, and design and construct a cooker/cooler for validation;

iv) monitor the effects of safe processing and storage conditions on the nutritional and organoleptic quality.

Microbiological safety aspects

The D- and z-values of several food-borne pathogens were established in simple media and in food systems and compared with commercial processing values.  Several strains of Verotoxigenic E. coli (VTEC), Listeria monocytogenes, Salmonella spp., Yersinia enterocolitica, Bacillus cereus (psychrotrophic strains), and one strain of psychrotrophic (non-proteolytic) Clostridium botulinum type B, were used by the various Partners in this project.  Some strains of the Gram-negative pathogens were made resistant to the antibiotics nalidixic acid and streptomycin (NS+) to facilitate detection of the inoculated pathogen when heated in non-sterile food substrates.

As ‘sous vide’ processing is generally of large items (ca.0.5 - >1.0Kg) with relatively slow rises in temperature, there is potential for induction of the heat stress response in pathogens.  Induction of thermotolerance in VTEC was carried out by slow heating of cell suspensions to 55oC.  Heat stressed cells were exposed to a processing temperature of 60ºC, and survivors determined at intervals. 

The potential of lactic acid bacteria as biopreservatives, was considered with respect to survival through the cooking process.  It was shown that the antimicrobial characteristics were likely to be lost whilst selecting strains for increased heat resistance.  Heat resistance in the dry state however,was sufficient to permit survival through a cooking process, but would require separate packing. 

It was concluded that, except in the cases of low temperature-short time cooking of trout and perhaps salmon, and the psychrotrophic spore-forming pathogens, commercial ‘sous vide’ processes should be safe, even if the heat resistance of the organisms had been enhanced by prior exposure to lower temperatures.  The additional ‘hurdle’ of lactate added at 1-2% to foods, has proved to be an effective and acceptable aid to preservation of ‘sous vide’ foods stored at low temperatures.  Modelling of non-linear thermal death curves and of growth of micro-organisms was successfully achieved by modifying the Gompertz equation.  

Modelling of air and heat flows in a cooker/cooler

The design of a ‘sous vide’ cooker/cooler simulator has been modelled by using Computational Fluid Dynamics (CFD) and validated by measurements of air flow and temperature in a working model, and some important design characteristics determined.  High velocity and turbulence were shown to be the most effective means of delivering heat to food packs, although there may be penalties in that there can be quite large differences in the heat delivered to individual food packs.  Variations in local heat transfer coefficients, affected by the shape of packs modifying the turbulent flow, and angle of attack of the air flow on the packs, were shown to affect the transfer of heat into packs.

Nutritional and organoleptic aspects

Some rapid, simple and accurate microbiological and HPLC assays for the analyses of thiamine and folates were developed and applied to ‘sous vide’ foods.  Although folates were largely destroyed by cooking, ‘sous vide’ processes showed a marginal advantage over cook-chill, possibly by reducing oxidative damage.  Thiamine in contrast, was relatively stable to cooking and storage.

As a separately-funded study (but reported within the EC project), the organoleptic acceptability of ‘sous vide’ foods was examined; meat-sauce type dishes proved to have an exceptionally long period of consumer acceptance under good refrigerated storage (ca. 30 days at <3°C), but vegetable dishes were likely to suffer alterations in colour and texture at an earlier stage.  The texture of vegetables could be improved by activating the pectinesterase system in the presence of low levels of Calcium salts.

