Risk involves the probability of an adverse event.  The largest volume of fish products imported into Australia are fish for human consumption and fishmeals for animal feeds.  Thus, despite that the probability of survival of pathogens in fish food for human consumption is expected to be low, the volume of material suggests that it could, potentially, overwhelm this small probability of survival.  Humphrey (1995) considered that the risks of product cooked and consumed would be low but, as this section will demonstrate, there may be risks involved with bulk product that flows to the waste stream without processing or cooking.  For example, if a container load of imported fish were temperature abused, it might be disposed of without adequate treatment to remove pathogens.  Furthermore, not all of the material imported will be cooked and eaten – some will be discarded uncooked due to spoilage, some parts of products are not normally eaten, and some FFHC are normally consumed raw.

As discussed above, among the hallmarks of defensible risk assessment are that they involve as much of the pertinent information as is available in the assessment of risk, and that the basis of decision based in those assessments is “transparent”.  However, the lack of data and the myriad product/process/pathogen combinations mean that it is virtually impossible to develop generic assessments of risk from the introduction of exotic ASPs via FFHC.  One strategy is to discern general principles of microbial growth, survival and inactivation in relation to foods, food processing methods and microbial physiology.  From this an appreciation of the relative risks due to different pathogen/product/process pathways could be derived, from which defensible qualitative assessments could be made, or from which data that are critical to assessment of the specific risk, but which are not available, can be identified.

A general overview of the microbial ecology of food and food processing is presented to begin to document the information required to make decisions about the relative risk of the human consumption pathway as a route for introduction of ASPs.  The ultimate purpose of this section is to document pertinent information to support informed assessment of whether a particular product/pathway combination will lead to increase, or reduction, or have no effect on the numbers of specific ASPs of interest that are present, potentially, in the imported FFHC.  

Included is a detailed discussion of microbial inactivation relevant to the various classes of fish/shellfish pathogens and the processing that can be expected for different types of fish.  A distinction is made between inactivation of organisms and inhibition of growth, and complemented by a short discussion of the mechanisms of inactivation, where known, of those processes and their implications for persistence of viable ASPs in foods. 

In addition, several issues not explicitly discussed by Humphrey (1995) will be considered including the effect on ASPs of passage through the human gastro-intestinal tract, the possible pathogen status of spoiled product that is discarded without any microbicidal treatment, and particularly the potential for growth in products of some ASPs. 

5.2 The Ecology and Physiology of Microbes in Foods

5.2.1 Introduction

Foods for human consumption, other than those which are deliberately manufactured by fermentation processes (e.g. cheeses, salami’s, yoghurt, etc.) usually contain only low numbers of micro-organisms at the time of manufacture.  As such, foods represent a pristine environment ‘ready’ for microbial exploitation.  Specific treatments, processes and packaging are required to prevent microbial growth in the product.  Those methods are the basis of the science of food preservation.  Food preservation methods may be directed at preventing contamination, removing or reducing the load of contaminating micro-organisms, and/or preventing the growth of micro-organisms that may subsequently contaminate the food.

Many preservation methods have been used empirically for thousands of years (e.g. salting, pickling).  Increasingly, preservation methods, whether directed to food preservation or preventing the possibility of viable disease causing organisms being present on the foods, exploit a knowledge of the ecology and physiology of micro-organisms in the ‘environments’ that foods provide.  Viruses and protozoans are generally inert in foods and have no ‘ecology’ as such, but may be inactivated by the conditions within the food, whether elements of the foods itself (“intrinsic” factors, e.g. salt, pH) or applied to the environment the food is in (“extrinsic” factors, e.g. temperature).  Many bacteria and fungi, however, can grow in foods.

In the context of the current risk assessment the concern is not with the incidence of human illness, but the potential for survival, or even proliferation, of exotic pathogens of aquatic species that may be present in foods imported into Australia.

“Predictive microbiology” is a branch of food science that can be described as the ‘quantitative microbial ecology of foods’.  In this sense predictive microbiology is part of the study of patterns of responses of micro-organisms to environmental conditions relevant to foods.  Furthermore, it is a quantitative science and seeks to measure rates of responses, whether growth or death, and to define the limits of environmental conditions, whether singly or in combination, which prevent growth.  Currently there is little overlap evident between microbial ecologists studying natural environments and those concerned specifically with foods, but the approaches and principles are similar and deal with the ecology and physiology of micro-organisms in response to their environment.  Thus, some of the phenomena described here based on predictive microbiology studies will have relevance to the responses of those micro-organisms either during waste treatment or in the natural environment.  Similarly some of the phenomena described in Sections 3.3.2 and 3.3.3 will have significance for the ASPs in foods.  However, whereas predictive microbiology is mostly concerned with responses in nutrient rich environments, microbes in natural environments are often in nutrient limited environments, and may face competition and predation.

5.2.2 Microbial Death

Despite that there is the potential for growth of some ASPs in the foods that harbour them, most will be able only to survive, or will be dying slowly.  At issue in the current risk assessment is whether the rate of death is sufficient to eliminate those pathogens before they reach aquatic environments.  A brief discussion of the processes of microbial death will simplify the subsequent discussion and interpretation.

Microbial death is a stochastic process.  Any lethal treatments that are applied do not act uniformly on the total population as a function of time, but act on an approximately uniform proportion of the population over time. This is usually explained by theories of hits, i.e. that the treatments applied act as lethal ‘particles’, and that the probability of a lethal particle encountering a viable cell is itself function of the density of cells. The death of bacteria in response to some lethal treatment applied has traditionally been described in terms of log-linear kinetics, as depicted in Figure 5.1.
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Figure 5.1
Microbial population death curves.  The straight line represents the traditional view of the kinetics of microbial death, i.e. log-linear kinetics.  The curved line shows features such as ‘shoulders’ and ‘tailing’ that are more frequently observed in practice.

In fact, log-linear death kinetics are at best a special case, and possibly a dangerous oversimplification, of the real kinetics of microbial death in foods.  They were derived from studies on bacterial spores.  Subsequent studies on vegetative bacteria, and studies which followed the death of the population for longer periods, revealed that the kinetics of microbial death are often more complex than the log-linear pattern.  More commonly, complex kinetics are observed involving initial ‘lags’ or ‘shoulders’, followed by a more rapid rate of death.  ‘Tailing’ is another frequently reported phenomenon, during which the rate of death declines as a function of time.  Both of these patterns are illustrated in Figure 5.1.

Tails and shoulders may arise from a number of circumstances.  Clumping of cells, which may confer protection to the cells on the ‘inside’ of the clump, can lead to shoulders.  Sub-populations that have different sensitivity to the treatment - whether due to genetic diversity or perhaps due to differential sensitivity related to different stages in the cell cycle - can cause tailing.  Similarly, if some elements of the population have sufficient time to instigate phenotypic responses, that increase their resistance to the lethal condition, tailing will result.

The differential sensitivity to the treatment can be due to microbial variation, inhomogeneity in the system, other properties of the food, or the previous experience of the microbial cells.  In recent years it has been learnt that bacterial cells in the stationery phase of growth, or which have undergone some sub-lethal stress, will have instituted a range of physiological changes that make them more resistant to a wide variety of other stresses or lethal conditions (see also Section 3.3.3).  The growth limits of the cell do not change markedly, i.e. the conditions are still ultimately lethal, but the rates of death will be reduced if stress responses are invoked. 

5.2.3 Microbial Stability and Mechanisms of Inactivation

Unlike the situation in natural environments (see Section 3.3.3), the mechanisms that will cause inactivation of the ASPs are limited to abiotic environmental factors, i.e. the physical and chemical environment.  In terms of FFHC, the most important factors are likely to be temperature, osmotic stress and acidity.  Starvation may also occur, but is probably highly unlikely in FFHC.  The production of antibiotic substances by other organisms present in the food is another possible mechanism of inactivation.  In fresh product this is unlikely unless the product is microbiologically spoiled, but may be important is some fermented fish products.

From a food processing perspective the most important mechanisms of inactivation involve high temperature, e.g > 60°C.  Acidity, salt, preservatives and drying will also play a part in some products.  The interaction of factors on the rate of inactivation is  not always intuitively obivous, e.g. while low temperatures inhibit microbial growth, they can also slow the rate of microbial death if some other factor in the environment is lethal to the micro-organisms; while increased NaCl levels can reduce the rate of growth, they increase the tolerance of some organisms to (otherwise) lethal temperatures.  To predict the effects of food processes on the probability of death, survival or growth of micro-organisms, its necessary to understand the mechanisms by which these processes act to inhibit micro-organisms in foods, and also to have knowledge of the physiology of micro-organisms.

5.2.3.1 Mechanisms of Inactivation

Methods for inactivation of micro-organisms may be classified as physical and chemical methods.  The chemical techniques can act by a number of effects including oxidation or reduction of macro-molecules, co-agulation or denaturation of essential cellular macro-molecules, blocking of binding sites of essential enzymes, or in the case of surfactants and lipid solvents, disruption of microbial membranes.  Many chemical disinfectants are just as damaging to the structure of foods as to microbial cells, or would be toxic to humans, and are not relevant to the current discussion.  

Of the many food preservation methods that are in substantial use, only a few act essentially by inactivating micro-organisms.  These are the techniques based on high temperature, or irradiation.  As indicated above, there is a limited range of chemicals that can be used in food processing.  These are mainly acids and salts, which act primarily to inhibit microbial growth rather than to inactivate microbial cells.  Other techniques, also, primarily inhibit the outgrowth of organisms or restrict the opportunities for contamination.  The use of inhibiting factors in combination can sometimes increase the overall effectiveness compared to those factors individually.

Despite that food processing is a huge industry, and that some of the methods of preservation have been used for thousands of years, most of the methods have been derived empirically, and in only a few instances are their fundamental modes of action known (Gould, 1989a).  A brief overview of what is known is presented here.  A more comprehensive review is presented in Gould (1989a) and Volume 28 of the International Journal of Food Microbiology (1995) is a series of papers that provide additional useful, contemporary, insights.

5.2.3.2 Temperature

Enzymes are protein molecules that catalyse biological reactions.  For biological reactions, and therefore life processes, to occur there must be some flexibility in the conformation of enzymes (and other macromolecules) that catalyse those reactions.  Further, there is an optimum three-dimensional conformation of the protein for catalytic function.

Temperature is a measure of the kinetic energy of a chemical system.  Thus, temperature affects the flexibility of the major biomolecules through its action on the kinetic energy of chemical bonds.  As temperature rises, biological macromolecules (e.g. cell membrane lipids, RNA and DNA, proteins and enzymes) become more “agitated” and flexible, with greater movement around the chemical bonds,  and may change their conformation slightly.  Within a fairly narrow range of temperature
 the function of the molecule is not greatly affected, but at critical high and low temperatures, the conformation of molecules becomes so distorted that they lose their function (see McMeekin et al., 1993, Chapter 10, for a review). This process is called denaturation, and is reversible if the temperature returns to within the region for normal activity.  If, however, the temperature rises too much, permanent changes to the structure of the macromolecules occurs (as when egg white coagulates), and that denaturation becomes irreversible.  The hotter the temperature, the faster denaturation occurs. 

In the context of its effect on microbial growth and survival, the reversible cold and hot denaturation of proteins cause inhibition of growth.  Temperatures above the irreversible denaturation point cause cell death.

The thermal stability of the molecule is a function of its primary structure, and can be modified by apparently subtle changes in primary structure.  Micro-organisms have adapted to growth over different temperature ranges by evolution of molecular structures that are stable over the normal environmental temperature range encountered by the organism.   Micro-organisms have been spectacularly successful in this regard, having colonised the most extreme environments on earth.  

Whatever the preferred temperature for growth, most micro-organisms are limited to a growth range of ~ 40°C, presumably related to the thermal stability of their constituent macromolecules.  It is difficult to a identify a single target molecule, or class of molecules sets the limit to microbial growth, although Jay (1996) points out the close correspondence between the thermal stability of ribosomes and the maximal temperature for growth, a theme further developed by Ross (1997).  

Micro-organisms have evolved a number of strategies to help overcome the effects of temperature including the modulation of cell wall lipid composition to maintain membrane fluidity in response to temperature, iso-enzymes with different temperature optima that can be synthesised in response to the environemntal temperature, and damage repair systems and fast synthetic rates to quickly replace macromolecules damaged by heat when growing at high temperatures . These issues are discussed in Neidhardt et al. (1990).

The main consequences of these phenomena are that, while high temperatures can be lethal to micro-organisms, low temperature merely inhibits microbial activity by lowering the rate of chemical reactions or, under more extreme conditions, leads to cessation of growth due to the reversible denaturation of biomolecules.

A number of measures are used to describe the effect of temperature on the rate of death of micro-organisms.  The first of these is the D value, which is the time required for a ten-fold reduction (i.e. 90% of the population killed) at some specified condition of temperature and other factors. Implicit in the use of the D value to describe death rate is  the assumption that death follows log linear kinetics.  The dependence of the D value on temperature is summarised by the Z-value. 

Temperature is very effective in killing micro-organisms, and the rate of kill of temperature even slightly above the upper limit for growth of vegetative bacteria, is many times faster than death due to other factors.  Once temperature exceeds the physiological range for the organisms, small increases in temperature cause large increases in lethality.  The increase in lethality due to heat is described by the ‘Z value’ which is the temperature increase required to increase the lethality by a factor of ten.  Z values are typically of the order of 5 – 15°C.  This relationship can be seen in Figure 3.3.1b.
Moist heat is always much more lethal than dry heat.  Sterility, i.e. complete elimination of all viable organisms and viruses, can be attained in wet products in 15 minutes at 121°C.  Under dry conditions, sterilisation requires 1hour at 170°C to 2 hours at 160°C

5.2.3.3 Freezing/Drying/Reduced Water Activity/Increased Osmotic Potential

Freezing damages and kills some micro-organisms, mainly due to the effect of increasing osmotic potential.  As the water in the food freezes it increases the effective concentration of solutes in the remaining liquid water, causing osmotic stress to those organisms suspended in that water.  As water freezes, it may cause physical disruption of cell membranes, further reducing the viability of organisms that have been frozen.

Freezing cannot be relied upon to eliminate contaminating micro-organisms.  Typical kills for food-borne micro-organisms of public health significance are a 10 to 100-fold reduction in the most susceptible types of organisms.  Despite extensive study the basic mechanisms of freeze lethality are not yet clearly understood, including the mechanism of action of concentrated solutes on loss of cell viability (Davies and Obafemi, 1985).

The most important factor influencing the effect of freezing on the viability of microbial cells is the suspending medium. Certain compounds enhance, while others diminish, the effects of freezing. Glycerin, sachharose, gelatin and proteins in general act as cryoprotectants.  Common salt (NaCl) increases the effect of freezing, due to depression of the freezing point of the water in the system, which has the effect of prolonging the cell’s exposure to damaging high osmotic stress.  The rate of freezing will also affect the kill during freezing.  During frozen storage there will be a gradual loss of viability, the rate being slower with lower frozen temperatures.  Fluctuations in temperature during frozen storage will increase the rate of loss of viability.  Cells are also re-exposed to damage through osmotic stress, during thawing.  However, the conditions of freezing which best preserve the quality of the product (i.e. fast freeze, constant cold temperature) also minimise the lethality of the process to microbial cells.

One hypothesis holds that mechanism by which high osmotic stress inactivates cells involves the ‘energetic cost’ to the cell of maintaining homeostasis.  If that ‘cost’ can be made to exceed the cell’s energy requirements for maintenance of its integrity, the cell will begin to die (Gould, 1989b).  It should be remembered that water activity is a measure of the availability of water in a system to participate in chemical reactions.  The addition of solutes affects the primary structure of water in a system, making it less reactive.  The results of Krist et al. (1998) suggested that the mechanism of inhibition of bacterial growth by reduced water activity  was not primarily due to energetic burdens. They invoked an alternative hypothesis that the effects of reduced water activity/increased osmotic stress may be mediated by affects on the conformation of macromolecules.  Some support for this hypothesis comes from observations that lowering of the water activity below that at which growth occurs has been shown to increase the heat resistance of some organisms.  Alternatively, these effects might be mediated by the general starvation/stress response (see S. 3.3.3) which reduces that level of metabolic activity of the cell, increases the level of compounds in the cell which serve to stabilise the conformation of macromolecules, and generally makes the cell more resistant to a wide range of lethal conditions.  Psuedomonas fluorescens isolated from spoiled fish show increased heat resistance after starvation (Jorgensen et al., 1994).

5.2.3.4 pH and organic acids

The conformation of macromolecules is also pH dependent, and micro-organisms control their intracellular pH within fairly narrow limits (± 1 pH unit of optimum). Outside of these limits the growth rate rapidly declines to zero.

Three different modes of action of acid preservation techniques have been recognised (Corlett and Brown, 1980).  These are: 

Strong acids which lower the external pH but which do not penetrate the cell.  The mechanism is possibly to denature enzymes present on the cell surface, and on lowering of the cytoplasmic pH when the pH gradient is very large

Weak organic acids which are lipophilic and able to cross the cell membrane.  The primary effect of such acids is to lower the cytoplasmic pH, but it is becoming clear that there are additional, acid-species specific effects also, that may amplify the effects of the weak acids.

Acid-potentiated ions such as carbonate, sulphite, and nitrate which are more potent inhibitors at low temperature.

Despite that knowledge of microbial pH homeostasis is increasing, the mechanisms of action of acid inhibition of growth and inactivation of cells are not well understood (Booth and Kroll, 1989).  As with the effects of osmotic homeostasis, conventional wisdom suggests that it may due to overwhelming of the cells ability to repair damage and maintain its integrity, leading to eventual loss of viability.  

5.2.4 Relative Effects and Combinations of Factors

The presence of organic matter, including the presence of other cells, can  protect micro-organisms from lethal conditions.  Physico-chemical factors such as pH, water activity, and salt content also profoundly affect the heat resistance of organisms.  Microbial death is more rapid at low pH, or at pH > 8, while high concentrations of sugars, proteins or fats usually increase the resistance to heat  Salt may increase or decrease resistance depending on the organisms and salt concentration (Brock, 1979; Boyd and Marr, 1980; Adams and Moss, 1995; Jorgensen et al., 1994; Farkas, 1997).

In recent years attention has turned to the effect of factors other than temperature on the rate of death of micro-organisms.  Again, most attention has been focused on human pathogens, particularly the non-spore forming vegetative bacteria Escherichia coli O157:H7 and Listeria monocytogenes.  The effect of low pH and reduced water activity has received most attention.

Figure 5.2 illustrates the comparative effect of temperature, and water activity and pH in combination on the rate of death of E. coli. 
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Figure 5.2 
Comparison of the effects of lethal temperature and lethal water activity on the rates of death of Escherichia coli. The figure shows that lethal temperatures cause much more rapid rates of death than lethal water activities, but that temperature and other sub-optimal factors do act additively to increase the rate of death. In either temperature range,  more stringent (i.e. lower) water activity or pH increase the rate of death. (After Shadbolt, 1998).

In relation to low temperature effects, Ingram and Mackey (1976) reported that the presence of NaCl markedly increases the lethal effect of freezing, though the magnitude of the effect was species dependent.  The effect is to lower the freezing point of water so that organisms are exposed to the osmotic stress for longer during the freezing phase.  They also report that low pH accelerates death during frozen storage.

As stated earlier, while low temperature reduces the rate of growth of micro-organisms, they also reduce the rate of death if other factors in the food environment are lethal to the cell.  This is believed to be due to the general effect of temperature in lowering the rate of chemical reactions.  This effect is clearly shown in Figure 5.2.

If there is a unifying ‘theme’ in this area, it is that the accumulation of ‘insults’ will decrease the number of viable cells present, and increase the rate of kill.  “Insults” include growth-preventing temperature, pH, organic acid levels, reduced water activity, etc. The most rapid death results from the application of heat at temperatures above those that permit growth of the organism, and the application of additional stresses during that heating  will most probably increase its effectiveness.

The application of a mild stress prior to heating, however, can induce protective mechanisms which confer increased resistance. 

5.2.6 Microbial survival and limits to growth

In general each organism has more or less well defined limits to growth in response to individual environmental factors, when all other factors are optimal for growth or survival.  These limits, however, are altered by the other environmental conditions.  Thus, for example, the potential temperature limits for growth are reduced by a sub-optimal level of a second environmental factor.  An example of these interactions is shown in Figure 5.3.
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Figure 5.3
Interaction of environmental factors in determining the boundary between growth and death of bacteria.  In the above example, based on the effects of temperature and pH on the growth range of Listeria monocytogenes, the minimum temperature for growth depends on the pH of the environment.  Closed circles are conditions under which growth was possible; crosses are conditions under which growth could not be demonstrated (Data of Soontranon, 1998).

Quantitative knowledge of the combination of levels of environmental factors required to prevent growth is scarce.  A limited amount of data exists for a few food-borne bacteria  which are pathogenic of humans.  It is generally accepted, however, that as conditions become less optimal i.e. as the environmental conditions move further from the interface and into the no-growth region, the rate of death increases.  There are, however, minor exceptions to this pattern.

microbial growth so that growth is no longer possible.  In many cases, this level is reached when the total microbial population is of the order of 109 - 1010 colony forming units
 (cfu) per gram or ml of the food product.  

Under constant environmental conditions, the population growth curve is ‘S’-shaped, and can be described mathematically in terms of four properties as shown in Figure 5.4, ie. initial inoculum level, lag time, slope,  and ‘maximum carrying capacity’.
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Figure 5.4
Microbial population growth curves, typical of growth in foods. Micro-organisms may exhibit a lag phase before the full growth rate potential is reached.  Each species of micro-organism will have a characteristic maximum growth rate, governed by the conditions in the food.  When the total population in the food reaches 109 - 1010 CFU/g, then the growth of all components of the population will slow markedly or cease.

The fate of a contaminating micro-organism in a food is not readily predictable without a lot of information about the numbers initially present, what other organisms were present, what the properties of the food are, and what processes the food (usually means temperature) was exposed to between production and consumption.

The values of the properties shown, that define the growth curve, are variable.  The maximum carrying capacity of the system is usually a property of the food.  When this level is reached, the growth of all groups of organisms in the product slows greatly or ceases.  Thus, a slow growing organism or one initially present in very low numbers may never reach that level.  Conversely, if


 
Colony forming units is a term used to describe the number of bacteria per unit weight of volume of a sample.  It is used because most bacterial enumeration methods rely on the formation of colonies of bacteria on culture media.  Ideally the colony would arise from a single bacterium, but colonies that arise from a clump of bacteria are indistinguishable from those that arise from a single bacterium. 

the growth rate of an organisms initially present in very low numbers is much faster than that of all the other elements of the microbiota initially present, then it may still achieve numerical dominance.  The steeper curve in Figure 5.4 is an example.

The lag time is generally assumed to be a period of metabolic adjustment to a new environment.  The metabolic rate is itself a function of the environmental conditions, particularly the temperature, the time required for that metabolic adjustment will depend both on the amount of adjustment required, (a function of the magnitude of the difference between the old and the new environment in terms of type and quantity of nutrients, challenges to homeostasis etc.), and the rate at which those adjustments can be made.  The significance of the lag time is that if it can be prolonged indefinitely, there is no increase in the number of organisms in the food.

5.2.8 Rate of growth

The significance of death as a stochastic process is that it means the reduction of risk achieved by a particular process is related to the number of pathogenic organisms present on that product at that time.  For this reason its also necessary to consider the number of contaminating ASPs present on fisheries products and, thus, their growth potential when assessing the risk of introduction.  A discussion of factors affecting microbial growth rates is presented below.

5.2.8.1 Temperature

Bacterial and fungal growth rates respond to temperature as shown in Figure 5.5.  There are upper and lower limits to growth, at which the growth rates becomes zero, and an optimum temperature at which the growth rate is maximal.  Between the minimum and optimal temperatures, the growth rate increases.  The growth rate increase is not proportional to the temperature, but increases more rapidly as the temperature is increased.  As the temperature increases above the optimum the growth rate begins to rapidly decrease, due to thermal inactivation of cellular macromolecules necessary for growth.
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Figure 5.5
Interaction of environmental factors in determining the growth rate of bacteria. Curves A and C represent two organisms, each of which has adapted to a different temperature range for growth.  Curve B represents the effect of a second sub-optimal environmental factor on the growth rate of organism A.. The temperature range is unaltered, the relative response remains the same, but the absolute growth rate is reduced at all temperatures.

The above response is generally true for any poikliothermic organism.  Each organism has its own preferred temperature range for growth, related to its usual growth habitat.  For bacteria, the range of growth usually spans 35 - 40 °C, irrespective of the preferred temperature region for growth.  According to the preferred temperature for growth, organisms are classified as psychrophiles, psychrotrophs, mesophiles and thermophiles as described in Table 5.1.  Despite that organisms have adapted to different temperature ranges for growth, among the organisms studied bacteria (Ross, unpublished) and algae (Eppley, 1972) do not exhibit compensation for that preferred temperature range, ie. those organisms adapted to growth at low temperature uniformly grow more slowly than those adapted to growth at higher temperature. There is a strong relationship, independent of species, between the temperature and rate of microbial growth

Table 5.1
Classification of Micro-organisms according to their preferred temperature range for growth

Classification
Temperature at which growth rate is maximal 

psychrophile
15 °C or less

psychrotroph
25 - 30°C

mesophile
35 - 45°C

thermophile
> 45 °C

5.2.8.2 Water Activity

Most micro-organisms are active over only a narrow range of water activity.  Most gram negative bacteria are only able to grow in environments of aw > 0.95. Many gram positive bacteria can withstand lower water activities, but few can grow at water activity lower than 0.8,  although  some specifically adapted to life in hypersaline environments are active at water activities as low as 0.75, and might be found in, e.g. dried salted fish.  Fungi are generally more tolerant of reduced water activity than are bacteria and some are able to withstand water activities as low as 0.60.

The effect of water activity depends on the major solute(s) that are responsible for the reduced water activity.  Ionic solutes (salts) have greater inhibitory effect on microbial metabolism than non-ionic solutes (e.g. sugars).  In the context of fish products, common salt (NaCl) is likely to be the most important humectant.

5.2.8.3 pH and Organic Acids

Fungi and bacteria have preferred pH ranges for growth and actively maintain a relatively constant internal pH.  They are generally able to maintain pH homeostasis with little adverse effect in environments in which the pH is within one pH unit of the preferred intra-cellular pH.  Beyond this range, the energetic burden of maintaining that pH causes reduction of growth rate and growth yield, as depicted in Figure 5.6.
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The presence of organic acids accentuates the effect of pH, but the magnitude of that effect is dependent on the specific organic acid, and the pH of the food.  This is because the effect of organic acids is predominantly due to the concentration of the undissociated  organic acid, which is an uncharged molecule and therefore more easily able to pass through the microbial cell membrane than H+ ions.  One inside the cell, the higher  intracellular pH causes the organic acid to disocciate, i.e. to release H+ ions, and thus acidifies the interior of the cell.  The concentration of the undissociated  form of the organic acid depends on the pH of the environment: the lower the pH, the more undissociated acid.  Thus, the addition of organic acids may have little effect at neutral pH, but may have a profound effect at pHs’ less than ~5 - 6.  These effects are also depicted in Figure 3.3.1g.
Many seafoods and other flesh products contain  sufficient levels of lactic acid, due to endogenous post mortem metabolism by the muscle tissue itself, to contribute to the inhibition of microbial growth.
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Figure 5.7
Effect of and organic acids on the growth rate of bacteria. Curve A is the effect of acid only. Curve B illustrates the effect of the presence of an organic acid.  Curve C illustrates the effect of a higher concentration of an organic acid.

5.2.8.4 Combined Effects on Growth Rate

As a simplification, the relative effects of each environmental factor on growth rate can be multiplied together to predict the overall effect on growth rate.  This observation is employed implicitly in predictive models of the square root type, and has been formalised in the ‘gamma model’ concept of Zwietering et al. (1996).  In that model the growth rate is modelled by an expression describing the growth rate at the optimum conditions (i.e. optimum temperature, optimum water activity, optimum pH etc.) multiplied by a sequence of terms (which take values between 1 and 0) that model the degree of ‘non-optimality’ of each of the conditions (i.e.  the ‘distance’ from the optimum).

Thus the model has the general  form:

growth rate = optimum rate

times relative inhibition due to sup-optimal temperature


times relative inhibition due to sup-optimal water activity




times relative inhibition due to sup-optimal pH





etc. etc.

5.2.9 Conclusions

The change in the number of viable aquatic species pathogens in food products during processing, distribution and consumption, is related to the risk of those organisms reaching environments where they might find hosts and be able to establish new infections.  This discussion is provided to give some understanding of the range of variables involved in determining the fate of micro-organisms in foods during normal processing and handling.  It is not complete.  Under some circumstances, most notably cooking, the fate of micro-organisms can be predicted with reasonable confidence.  In many situations, however, survival or otherwise will not be able to be predicted with confidence. 

The success of the process in eliminating pathogens will depend not only on the conditions, but also the length of time that the population was exposed and also the size of the initial population.  In a strictly mathematical sense, the probability of a survivor is not dependent on the initial population, but the interpretation becomes open to question.  To illustrate, if a million-fold reduction is achieved in a product containing 109 micro-organisms per gram, then there is an expectation that 103 bacteria per gram remain.  If the product contained only 100 bacteria per gram, the mathematical interpretation is that there is only one chance in 10000 that the organism would survive.  In the food microbiology literature this has usually been interpreted to mean that if the volume of material treated were 10000 g, then somewhere in the sample there would (probably) be one survivor.  However, if the sample were only 100 g, the interpretation is less clear.  Some would argue that a micro-organism is finite, and that it is meaningless to talk about less than one organisms surviving.   Conversely, other workers would extrapolate that “fractional organism” across many 100 grams samples, and conclude that if one hundred 100g samples were treated, one of those 100 g batches would be expected to contain a survivor, i.e. it is assumed that the risk is continuous across many batches of product.

Thus, it is important to know the number of organisms entering a lethal process and, consequently it is important to determine whether growth of the contaminating micro-organisms of interest is possible in the foods.  

In the context of the current risk assessment, to make reductions about the probable  fate of organisms of interest we need to have, as far as possible, details of:

times and temperatures of processes,

water activities of foods, and humectants  used (if any),

pH and organic acid levels,

whether freezing took place,

whether modified atmosphere storage or packaging is used.

5.4 The Physico-chemical Characteristics of Food Processes

This section aims to characterise some of the environments that fish and fish products in the human food chain are likely to encounter.

5.4.1 Temperature

5.4.1.1 Cooking

Table 5.2 indicates the temperatures of many common food preparation procedures, both commercial and domestic.  Typically cooking procedures, whether grilling, pan- or deep-frying, baking, boiling/poaching, or microwave cooking, result in the internal temperature of the food reaching an internal temperature of 55 – 70°C, despite that the surface temperature may be significantly higher (Jay, 1996).  The internal temperature is usually held for a seconds for a few minutes before aesthetic quality begins to decline.  Commercial warm holding of foods, which is a compromise between keeping food at a temperature that inhibits microbial growth without too severely reducing aesthetic qualities, is usually in the range 65 – 75°C.  For example, pasteurisation at 72°C is applied to milk for only 15 seconds to avoid loss of quality attributes.  Pasteurisation regimes are specified in the USA for some fisheries products with time /temperatures combinations equivalent to 85°C for one minute being recommended for crab meat (Hackney et al., 1991), although it should be noted that the heat remaining during cooling of the product is included in the specification of these processes.

Table 5.2  Temperature achieved in some processes applied to foods

Process
Temperature Achieved
Objective

Cooking

(baking, boiling, frying, grilling)

Blanching

Concentration

Pasteurisation

Appertization 

(canning, some bottling)
≤ 100°C

<100°C

<100°C

60 – 80°C

>100°C
Aesthetic Improvements

Destruction of Microbes

Destruction of enzymes, removal of oxygen

Removal of water to extend shelf life

Destruction of vegetative human pathogens

Elimination of microbes to achieve commercial sterility for shelf life

After Adams and Moss, (1995)

5.4.1.2 Canning

Most canning processes are designed to achieve a reduction by a factor of 1012 at least in the number of Clostridium botulinum spores potentially present in the raw material.  Clostridium botulinum is a spore-forming anaerobic bacterium that produces a potent, and fatal, neurotoxin.  Canning retort systems are further designed so that this level of safety is achieved in the slowest heating part of the system, which means that much of the load will experience even harsher conditions.  Canned seafoods are actually processed beyond the minimum required to assure safety from C. botulinum because of the occurrence of thermophillic spore-forming bacteria which cause spoilage of canned foods.  The accepted contamination levels for those spoilage organisms is between 1 contaminant per 100 and 1 per 1000 cans (Ababouch, 1992).  Those organisms have greater heat resistance than C botulinum, and are expected to be more heat resistant than any recorded ASPs. For example, canned crab meat heated to 121°C for 2.3 – 3 minutes is considered commercially sterile, although up to 10 minutes at this temperature may be used (Hackney et al., 1991).  It is noteworthy that heating at 121°C for 15 minutes (in a steam saturated environment) is universally regarded as adequate to achieve complete sterility, i.e. this level of heat treatment is sufficient to inactive the most heat resistant spores (B. stearothermophilus) known. In consequence of the thermal treatments applied, canned products have a low failure rate, and  canned fish products for human consumption must be considered an insignificant risk.  They will not be considered further in this discussion.

5.4.1.3 Chilling and Freezing

Chilled foods are those stored a temperatures near, but above their freezing point, typically in the range 0 – 7°C, although temperature abuse of chilled foods is not uncommon.  Foods begin to freeze in the range –0.5 to –3°C.  The temperatures used in frozen storage are typically less than –18°C.

5.4.2 Brining and Salting

Sodium chloride is used to preserve food in many ways.  In some cases (e.g. smoked salmon) limited amounts of salt are present in the final product which in combination with refrigerated storage or with acid (fermented product, e.g. pickled herring) can prevent the growth of micro-organisms.  In other cases, (e.g. dried, salted fish) the water phase of the food is essentially saturated with salt so that there is no free water left for microbial growth.  In the latter case, the food may also be dried to remove the moisture remaining.  Sugar may also be used in curing solutions, but is usually added for flavour, and contributes little to the water activity of the product.  Three basic techniques are used in salting fish: 

Dry salting – addition of crystalline salt to the surface of the fish, or fillets, e.g. as in production of smoked salmon, and usually not for long term preservation but for preparation for smoking or marinating etc.

Wet salting - immersion of the fish/fillet in a tank of brine, such as used for the preservation of herrings and anchovies;

A mixture of the two methods.

Water activity (aw) is a measure of the availability of water as a ‘reactant’ in a system.  Relative humidity is an analogous measure.  It is closely related to the osmotic potential of the environment.  The water activity scale runs from 0 (no unbound water) to 1.00 (pure water, no solutes).  Seawater (~3.5 % NaCl) has a water activity of ~ 0. 98.  Common salt  (NaCl, sodium chloride) is the main compound used to reduce water activity, and salt concentration and water activity are often used interchangeably, although it should be noted that other compounds (e.g. sugars) and removal of water, i.e. drying, can reduce water activity.

Water activity is abbreviated aw.  The aw of fresh fish is in the range 0.98 – 0.999.  Lightly salted fish (e.g. smoked salmon) products are in the range 0.93 – 0.98.  A survey of smoked fish products commercially available in Toronto revealed that the average water activity of those products was 0.947, but that it ranges from 0.727 to 0.997 (Dodds et al., 1992).  There is increasing consumer demand for less heavily salted products.  A low salt product might be expected to have water activity in the range 0.97 to 0.98 (3 – 2% sodium chloride).  Heavily salted fish is in the range 0.6 to 0.85 (Christian, 1980).  For example, anchovies (Stolephorus spp.) imported into Singapore from South East Asian nations had water activities in the aw range 0.663 – 0.700 (NaCl 25 – 37 %) (Lai-Kin and Tan Low, 1995).

Liston (1980) considers that even relatively sensitive bacteria which contaminate a dried product can persist on it for some time.  

5.4.3 Smoking

Smoked fish relies on the addition of salt (see above), surface drying and to a lesser extent on some components of the smoke itself to achieve enhanced microbial stability.  With the advent of refrigeration, the severity of the smoking and salting stages has been reduced in line with consumer preference for a less strongly flavoured product (Adams and Moss, 1995).  Smoking, once an important component of some food preservation processes, is now mainly used for flavour and colour (ICMSF, 1980).

“Natural” smoking (i.e. not using chemical smoke flavourings , e.g. “liquid smoke”) may be done in two ways: hot smoking at 60 – 85°C, and cold smoking at 25 – 35°C.  Heavy smoking, even without heat, or light smoking with heat may destroy microbes, and may also acidify and dry the fish surface.  In response to a spate of botulinum problems in smoked fish caught in the Great Lakes of North America, the United States Food and Drug Authority recommended that hot smoking achieves a minimum internal temperature of 82°C for 30 minutes if the salt content of the product is less than 3.5% in the water phase (aw ~ 0.98) or 65°C for 30 minutes if the salt content is ≥ 5% (aqueous phase) equivalent to a water activity of 0.97.

The initial brining step will bring about a change in the microbiota on the product.  The antimicrobial effect of smoking is usually greater against  gram negative rods and Micrococcus and Staphylococcus than against other species.  Spores of molds and bacteria are more resistant (ICMSF, 1980). 

5.4.4 Marination

The natural pH of fish and aquatic invertebrates varies as shown in Table 3 below.

Table 5.3    The pH of the edible portions of some fish and shellfish

Product
pH




Fish muscle (most species)
6.6 – 6.8

Clams
6.5

Crabs
7.0

Oysters
4.8 – 6.3

Tuna
5.2 – 6.1

Shrimp/Prawns
6.8

Salmon
6.1 – 6.3

White Fish
5.5




Post-mortem, the pH of the fish muscle drops to about 6 –6.4 due to the catabolism of muscle glycogen.  At that level the muscle contains from 60 – 120 ug/g fish (-65 to 130 mM), with lower pH being correlated to higher lactate concentration (Sikorski et al., 1990).  The lactate present will enhance the inhibitory affect of the reduced pH.

Pickled or cured herring is used for the preparation of various marinades, employing a hot pickle of vinegar, sugar, and spices.  Marination will typically reduce the pH of the tissue, and reduce the potential for microbial growth and survival.  In addition to lowering of pH marinades often include salt (6 – 16%) and sugar, to ‘fuel’ the fermentation, which will reduce the water activity (Graikoski, 1973). Marinades may also contain spices and seasonings that inhibit microbial activity.

Cold marinades involve acid levels of pH 4 – 4.5, in the presence of 4 – 4.5% acetic acid, and 7 – 8 % salt.  The marination process is performed at temperatures in the range 10 – 17°C, and results in final acid level in the product of 2 – 2.5% and ~4.5% salt (aw = 0.974).  The combination of low pH and relatively high organic acid level is very inhibitory to microbial growth.  Sugars (e.g. glucose, saccharose, xylose) may be added to further reduce the water activity of the product.  Preservatives such as sorbate or benzoate may also be added.  Examples of this type of product are “Bismarck herring” or “rollmops”, which have a refrigerated shelf life of up to 14 days  (Shenderyuk and Bykowski, 1990).

Cooked marinades involve similar salt and acid treatments but involve an additional heating, or ‘blanching’ step.  The product is then covered with a gelatin solution containing salt, acetic acid, and seasonings.  Fried marinades are also preserved with a combination of acetic acid and salt, and utilise a frying step to reduce the initial microbial load on the product (Shenderyuk and Bykowski, 1990).

5.4.5 Fermented Fish, Fish sauces  etc.

Fermented fish products include a variety of fish sauces, fish pastes and fish vegetable blends that have been salted and then fermented in their own “pickle”.  In fact, the Asian fish pastes do not undergo any significant fermentation, but are probably digested by the enzymes present in the fish used in the process.  These products are eaten as a staple and condiment in Southeast Asia, and as a condiment in Northern Europe (Ricke and Keeton, 1997).  The Asian fish sauces have a range of pH depending on how they are made, and how much carbohydrate is added, and approximately 30% NaCl content  (Jay, 1996), enough to produce a water activity of ~0.75 (ie saturated with NaCl.).  These products are expected to be very hostile environments to micro-organisms, and also a very low volume import..

5.4.6 Surimi, Sushi and Minced Fish Products

These products are commercially advantageous as a value adding process for fish scraps.  They can be converted into fish blocks.  There is a potential for high bacterial loads to accumulate while the waste material is pooled during processing of the whole fish, and before the Surimi process begins.  Liston (1980) warns that the extreme susceptibility of this product to bacterial contamination should be clearly recognised.  During the preparation of surimi or fish mince, there are no microbicidal process steps.  Raw surimi or fish blocks are frozen for stability before further processing.  Thus, if the product were discarded at this stage it could still contain viable ASPs.  Further processing of surimi or mince does typically involve cooking steps which would be expected to greatly reduce the chance of survival of ASPs.  Microbiological aspects of surimi and minced fish products and processing are reviewed by Ingham (1991).

5.4.7 Fish Protein Concentrates

Fish protein concentrates involve processes that remove lipid from fish flesh to result in a product containing about 70 % protein.  Those processes may involve organic solvents that remove lipids and would be expected to inactive most microbes also.  Other processes involving protein precipitation or biological techniques are also bactericidal, and reduce the probability of viable infectious particles surviving the process.

5.4.8 Caviar

Caviar, from sturgeon, is produced by a technique that involves the addition of salt, and pasteurisation at 60°C for 3 hours. For ‘caviar’ produced from salmonid eggs, a brining step is also employed, with pasteurisation at a higher temperature of 69 – 70°C, but for a shorter period of 2.5 hours.

5.5 Tolerance of  ASPs to Food Handling and  Processing Conditions

5.5.1 Rates of Inactivation

The ability of a specific treatment to completely eliminate ASPs from a batch of product will depend on the conditions themselves, the organisms, how many contaminants are present and the duration for which those lethal conditions are applied.  As might be expected there is very little information available specifically concerning the resistance of ASPs to conditions likely to be experienced during food processing and handling. (Humphrey, 1995) recommended that a critical experimental evaluation of the ability of major pathogens to survive heat inactivation in fish tissues and the compilation of new heat inactivation parameters.  This appears not to have occurred yet, or is not yet reported in the published scientific literature.  There is, however, information that can be used to infer whether ASPs on FFHC are likely to grow, die or survive during the various processes.  Similarly, some information can be inferred by looking at the stability data for human food-borne pathogens that are analogous to recognised ASPs. 

The available information is in many cases limited by not giving sufficient detail of starting loads and time of treatment, so that although conditions can be characterised as lethal,  the rate of lethality cannot be inferred.  Conditions that are just lethal may not be important unless the product is held under those conditions for a long time.  Thus, the anticipated shelf life of a product is an important consideration in determining the likely fate of ASPs on FFHC.  Frozen foods can be stable for months to years.  Chilled fresh fish is unlikely to be acceptable for human consumption beyond 7 – 10 days storage.  Cold smoked fish has a shelf life, under vacuum packed, chilled storage, of 3 – 4 weeks.  Pickled products, marinades, etc, should be stable for many months.

5.5.2 General Physiological Factors and Levels of Resistance

There is a wide range of susceptibilities of micro-organisms to the physical and chemical conditions likely to be encountered in foods or food processing operations. As discussed above, acclimation temperature will affect the heat stability also, and gram  positive bacteria tend to be slightly more resistant to a range of conditions than gram negative organisms.

In general parasitic and mycotic infectious agents are not as resistant as bacterial spores.  Viruses are also less resistant than bacterial spores.  However, viruses, and the cysts and spores of fungi and parasites are more resistant than the vegetative (i.e. metabolically active) forms of bacteria and yeasts and molds.  Chang et al. (1985) reported that for a range of human pathogenic micro-organisms viruses required 3 – 4 times the dose of UV irradiation required to inactivate vegetative Escherichia coli (a gram negative organism), spores required ~9 times the dose, and amoebic cysts required ~15 times the dose. 

In general, chilling and freezing reduces the rate of inactivation of micro-organisms.  Storage at freezing temperature, however, provides protection against many food-borne pathogenic protozoa, cestodes and nematodes (Kim, 1997).  Freezing is widely used as a measure to provide protection against a range of human food-borne parasites, including some which can be considered as ASPs.  Cells that are metabolically active, e.g. in exponential growth, are most susceptible to lethal conditions. Induction of the stationery phase through osmotic, heat or acid stress, or nutrient deprivation will increase the resistance of bacteria to lethal conditions, requiring longer treatment times to completely eliminate those contaminating micro-organisms.

Humphrey (1995) reviewed much of the available information on the resistance of ASPs to physicochemical conditions.  The following discussion expands on some aspects of relevance to the question of ASP in FFHC, and presents some new data. The discussion is intended to complement Humphrey’s review, however, not to reiterate it. 

5.5.3 ASP  Viruses

Among the viruses, the enveloped viruses are generally less resistant than non-enveloped types. Conditions, such as surfactants or lipid solvents (e.g. bile) will disrupt the envelope and inactivate the virus (Boyd and Marr, 1980).  This is true also for ASP viruses (McKelvie and Desautels, 1975). Because they are not metabolically active viruses are less likely to be affected by conditions that cause disruption of homeostatic processes. Most viruses will remain viable at chill temperatures for hours to days, and are quite stable at refrigeration temperatures.  The study of food-borne viruses is a very new field, and the difficulties inherent is quantifying inactivation of viruses, mean that there is little data available from the food microbiology literature from which to draw parallels to ASPs.  In general, those viruses that are food-borne are resistant to acid, and to lipid solvents, features which enable them to survive passage through the stomach and small intestine (Cliver, 1997)  (see also S.3.3.1.7)

5.5.3.1 Temperature

Temperatures of 55°C to 70°C for one hour inactivate most viruses by denaturing viral surface proteins (Boyd and Marr, 1980).  Among ASP viruses, IPN virus appears to be among the more thermostable viruses, being reported to withstand 50°C for 3 hours, 60°C for 1 hour, and 70°C for 1 minutes (Humphrey et al., 1991). In studies by Whipple and Rohovec (1994) IPNV was found to be much more heat stable than IHNV, and was able to survive 60°C for 8hours, 70°C for two hours, and 80°C for 10 minutes.  In fish waste silage, which is acidic due to the presence of weak organic acids, natural levels of IPN virus were inactivated in 2 hours at 60°C (Smail et al., 1993).  In similar studies by Whipple and Rohovec (1994) the additional effect of low pH on virus inactivation was demonstrated.  Nonetheless, IPNV in serum-free culture medium (MEM) was able to survive a simulated pasteurisation protocol involving 15 minutes at 65°C followed by heating to 82 (5 – 10 minutes to reach higher temperature) and holding at 82°C for 10 minutes.  In silage no IPNV could be recovered beyond 5 minutes into the 82°C holding period step. 

It should be noted that in several studies biphasic survival kinetics were observed (see Figure 5.1).  In the study of Smail et al. (1993), during the first phase the D60 value was ~ 1 hour, but the in the second ‘tailing’ region, the D60 was of the order of 10 hours.  This emphasises the need for careful interpretation of thermal death rate data.  In the studies of Whipple and Rohovec (1994), low (‘native’) levels of contamination were reduced to levels below detection in two hours at 60°C.  High levels, i.e. 105 plaque forming units/ml (pfu/ml) of IPNV, inoculated into the silage were reduced to 102.5 pfu/ml only after 5 hours at 60°C.

BMN virus was inactivated in 5 minutes at 60°C, 30 minutes  at 50°C and 120 minutes at 45°C (Mamoyama, 1989a).  Striped Jack nervous necrosis virus (SJNNV) was inactivated in 30 minutes at 60°C (Arimoto et al., 1996).  Humphrey (1995) cites reports that showed: that the thermal tolerance of carp coronavirus at 56°C is relatively short (3 minutes); that EHNV is inactivated in 15 minutes at 60°C; that reoviruses are rapidly inactivated at 56°C; and that paramyxovirus was inactivated in 6 hours at 56°C.

At ambient or chill temperature ASP viruses can endure for weeks or months with lower temperature favouring longer survival (Pietsch et al., 1977; Wedemeyer et al., 1978; Frerichs, 1989; Mamoyama, 1989b; Smail et al., 1993; Whipple and Rohovec, 1994; Parry and Dixon, 1997).  Similarly, at freezing temperatures, ASP viruses are very stable for periods of some years with retention of infectivity being favoured by lower temperatures, and the presence of protein or host animal tissue in the suspending medium (Pietsch et al., 1977; Frerichs, 1989; Mamoyama 1989b;  Wolf, 1988). 

5.5.3.2 pH

pH tolerance of ASP viruses was reviewed by Humphrey (1995).  The studies of Small et al., (1993) and Whipple and Rohovec (1994) showed the lethal effect of temperature is enhanced by low pH.  The stability of IPNV at 25°C was greatest in the range pH 5 – 7, but was lost rapidly below pH 3 (Frerichs, 1989).  Whipple and Rohovec (1994) demonstrated that IPNV was able to survive at pH 4 for more than 14 days at 22°C, but that IHNV was much less stable and was inactivated in silage in less than 30 s.  In citrate phoshate buffer at the same pH as the silage, IHNV survived 7 h at 22°C.  Smail et al. (1993) found that reduced temperature greatly reduced the rate of inactivation of IPNV which was able to survive well for more than 5 months in silage at 4°C, but was undetectable in the same environment after 71 days at 22°C.  SJNNV is activated by at pH 12 in 10 minutes at 20°C (Arimoto et al., 1996).

5.5.3.3 Chemical and Other Disinfectants

While chemical disinfectants clearly can not be used to decontaminate FFHC, their activity is relevant in attempting to evaluate the potential to reduce cross contamination during processing operations.  Some processing operations may use water disinfected by chemicals, and carrying residual disinfectant capacity.  Ultraviolet light as a disinfectant is included in the discussion for similar reasons.  UV light has poor penetrating power, however,  and cannot be used to disinfectant foods directly, but may have application in the disinfection of processing water and processing surfaces. 

ASP viruses are inactivated by a range of chemical disinfectants (Humphrey, 1995; Dorson and Michel, 1987).  Notably, however, the viricidal properties of ethanol , cresol, iodophor or chlorine to IPNV were eliminated in the presence of organic substances (Inouye et al., 1990).  Similarly the amount of protein in solution increased the amount of chlorine or iodine required to inactivate snakehead rhabdovirus  (Frerichs, 1990), or the chlorine required to inactivate the IHN rhabdovirus (Batts et al.,  1991).  Arimoto et al., (1996) report the effect of zone and UV irradiation on SSJNV, as does Mamoyama (1989a) for UV inactivation of BMNV.  Residual ozone levels of 0.10 to 0.20 mg/litre inactivated (≥ 99.99%) of IPNV in 60 s in water (Liltved et al., 1995).

Other material presented in Humphrey (1995) reinforces the general observations presented above.

5.5.4 ASP Bacteria

5.5.4.1 Temperature

Numerous investigators have reported that bacteria, pathogenic or potentially pathogenic to aquatic species, are inactivated to some degree by chill or frozen storage.  Balasundari et al.  (1997) found that freezing and frozen storage decreased the number of viable motile aeromonads in oyters but that they remained viable, as did vibrios,  for up to  five months of storage at –18°C.  Pasteurella piscicida  was able to survive frozen storage for up to 52 months in a variety of synthetic media (Hashimoto et al., 1989).  Brady and Vinitnantharat  (1990) injected  Aeromonas hydrophila, Edwardsiella tarda, Edwardsiella ictaluri  or Pseudomonas fluorescens into muscle tissue of channel catfish and stored it at –20°C.  A. hydrophila could be recovered for 20 days, P. fluorescens for 60 d, E. tarda for 50 d and E. ictaluri for 30 days.  Parker et al. (1994)  reported loss of viability on freezing of V. vulnificus.  
Murphy and Oliver (1992) reported the low temperature inactivation  of V. vulnificus.  They stored live shellstock oysters (Crassostrea virginica) at 0.5, 5 10, 17 and 22°C for up to ten days.  Their results indicate that, regardless of storage temperature, the number of V. vulnificus present in the oysters decreased gradually with time, with the greatest decreases occurring at higher temperatures.  If shucked oysters were used for the experiment V. vulnificus declined rapidly at those temperatures.  They concluded that temperature abuse does not appear to support the growth of V. vulnificus in oysters, but noted that storage at low temperatures does not appear likely to significantly reduce V. vulnificus present. V. parahaemolyticus were inactivated in chill or frozen storage (Muntada-Garriga et al., 1995)

In contrast, Kaspar and Tamplin (1993) reported that numbers of endogenous V. vulnificus in oyster shellstock increased by more than 100 fold in shellstock stored at 30°C, but were reduced 10 –100 fold after 14 days at 2 – 4 °C.   Their results suggested that V. vulnificus can only grow at temperatures  > 13°C. Kaysner et al. (1989) also found that V. vulnificus survived in shellstock and shucked oyster, including uninoculated controls.  In their study, viability of V. vulnificus  was retained for up to 14 days at 2°C.  The presence of viable V. vulnificus in drip raised the possibility of cross-contamination of other oysters.  Wong et al. (1995) reported better survival of psychrotrophic V. cholerae  in food homogenates in comparison to storage under the same temperature in culture medium. Humphrey (1995) cites results that show Aeromonas salmonicida survived for up to 49 days in fish muscle and other tissues held at –10°C.

Viable Vibrionaceae are readily found on fish for human consumption at the retail end of the distribution chain, suggesting that the same may be true for aquatic species pathogens. Vibrio parahaemolyticus is readily found in sashimi for retail sale in Taipei (Shih-YangChin et al., 1997). Gobat and Jemmi (1992) isolated Aeromonas  spp.  on fish pates, and smoked fish in Switzerland.  The incidence of positive samples was <7%, but raw products were 65 – 95 % positive.  The same is true of fish in Germany.  V. alginolyticus, V. vulnificus, V. mimicus, A. hydrophila, A. sobriae,  and others were detected by Janssen (1996) in retail fish products intended for human consumption.  He found that Vibrionacea were present not only on raw products but also from frozen, cooked, fermented and cold smoked products.  Whether these organisms survived the processing conditions or were post-processing contaminants is perhaps irrelevant as, whatever the mechanism, there is a potential route of introduction.

Vibrionaceae have also been shown to be able to grow on a variety of FFHC. A. hydrophila and V. parahaemolyticus  grew on cooked fish mince and surimi at 5, 12 and 25°C. V. parahaemolyticus declined at 5°C but grew at 25°C on mince and surimi containing salt (Ingham and Potter 1988).  Davies and Slade (1995) also demonstrated growth of A. hydrophila on cod and trout at 0, 5 or 13°C, whether packed aerobically or under of modified atmosphere.  Humphrey (1995) states reports that Aeromonas salmonicida was isolated from the kidneys of a trout killed by furunculosis after 28 days storage at 40°C.

Heating at 48°C killed Aeromonas salmonicida in 30 minutes.  Brown and Tettlebach  (1988) reported the isolation of a non-motile vibrio, pathogenic to larvae of Mercenaria mercenaria and Crassostrea virginica, which was unable to grow at 37°C but survived for 30 minutes at 65°C. 

Schumann et al. (1997) determined the thermal resistance of Aeromonas hydrophila in liquid whole egg.  D values ranged from 3.62 to 9.43 minutes at 48 °C to 0.026  -  0.040 at 60°C. 

Whipple and Rohovec (1994) studies of the survival of selected ASPs in fish silage yielded the following thermal resistance data, for the time to reduce high levels of the nominated pathogens to below the level of detection:

Aeromonas salmonicida:  2 min at 50°C, 10 min at 45°C, 48hr at 35°C;
Mycobacteium chelonei:  24 h at 40°C,  4 h at 45°C;  60 min. at 50°C, 15 min at 55°C, 2.5 min 

at 65°C; and

Renibacterium salmoninarum:  6 h at 45°C,  4 h at 50°C, 3 h at 55°C, 15 min at 65°C. 

Humphrey et al. (1991) also reported that R. salmoninarum had realtively high thermal tolerance and that some cells survived 65°C for 1 hour. 

Mulak et al. (1995) selected the most heat resistant bacteria from among those isolated from seafood products, including Pseudomonas paucimobilis, Pseudomonas putida, Micrococcus viridans and Enterococcis faecium.  Heat resistance was quantified in different media. Pseudomonas paucimobilis was found to be the most heat resistant organisms, and had a D70 between 1.16 min and 3.36 min depending on the suspending medium.  A pasteurising time at 70°C of between 15 and 30 minutes was recommended to be sure of inactivation of any vegetative bacterial organism present on the product.

5.5.4.2 pH 

Whipple and Rohovec (1994) studies also yielded data on the tolerance at pH 4 in citrate phosphate buffer or silage, of some bacterial ASPs.  Survival times were:

Aeromonas salmonicida:  2-3 min in fish silage,  90 min in citrate  phosphate buffer
Mycobacteium  chelonei: > 14 days in buffer,  90 minutes in silage; and 

Renibacterium salmoninarum:  > 4 h in buffer,  <30 minute in silage.

When heat and low pH were combined, each micro-organism responded differently. Aermonas salmonicida  was less heat resistant when the pH was reduced, but M. chelonei survived for slightly longer than in neutral pH.  Renibacterium  salmoninarum survived for more than three hours at 55°C in both the high (pH 7) and low (pH 4) buffer, but for only one minute in the fish silage at 55°C.

Similarly, Smail et al. (1993) reported almost instantaneous inactivation of Aeromonas salmonicida, Yersinia ruckeri and Renibacterium salmoninarum in fish silage, and Aeromonas  salmonicida and V. anguillarum were eliminated  within 30 h in silage once pH declined to 4.5  (Lindgren and Pleje, 1983).

V. anguillarum  was found to survive the acidity of the gut of the juvenile turbot for several hours and readily proliferated in the faeces (Olsson et al., 1998).

5.5.4.3 Chemical and Other Disinfectants and Processes

Dorson and Michel (1987) found Myxobacteria to be more susceptible to disinfectants than other bacterial ASPs.  

adiation inactivation of V. vulnificus depended on the environment and was less effective in oyster or fish homogenates than in buffer  (Ama et al., 1994).

Pascho et al. (1995) found that lower temperatures reduce the inactivation  rate due to chlorine against R. salmoninarum.  Alkaline pH reduced the effectiveness also.  Biphasic death  kinetics were observed.  The inactivation  of A. salmonicida subsp. salmonicida;  Y. ruckeri; V. anguillarum and V. salmonicida  by ozone and  UV radiation were found to have biphasic  characteristics also (Liltved et al., 1995).

5.5.5 ASP Other

Wolf and Markiw (1982) studied survival and infectivity of Myxosoma cerebralis (aka Myxolobus cerebralis) under conditions relevant to food-processing, including icing, icing and brining, or icing, brining and hot smoking.  After these processes the spores, in fish flesh, were stored for 4 months at 12.5°C in tanks containing soil samples from an aquatic environment.  Later, rainbow trout (Salmo gairdneri) fry were introduced to the tanks for 2 months.  At the end of the two months the fry  were examined for spores of M. cerebralis. Spores were found in fry from tanks that received iced, and iced and brined samples but not ice, brined and hot smoked tissue samples.  Humphrey (1995) cites results showing that M. cerebralis spores can remain viable for many years, and are viable for at least months of storage at –20°C.  

Ekless and Matthews (1993) studied survival of Ichthyophthirius multifiliis in liquid media at 20°C.  The tomite survived within the cyst for 22 days, theronts survived for 5 days, and mature trophonts survived for up to 16 days in culture medium without added serum proteins.

Viability of Ichthyophonus hoferi,  a potent pathogen of several species of fresh and marine water fish, was studied at various combinations of temperature, pH and NaCl concentration by Spanggaard and Huss (1996).  I. hoferi  grew at pH from 3-7 °C, at temperatures from 0 – 25°C and from 0 – 6% NaCl, with increasing salt concentration having most affect on its potential to grow.  It was concluded that it would therefore not represent a problem in pickled or salted products.

Viable Myxosporidian (Kudoa) cysts were visibly detected in frozen fish fillets by Renon et al. (1996).  Chong et al. (1993) identified larval ascarids in fresh market fish and frozen fish. Anasakis and Pseudoterranova were the most predominant species in the 181 samples (23 different fish species) examined.

5.5.5.1 Salt

Anisakis larvae survival was studied in brines by Karl et al. (1994).  Traditional German and Danish procedures for pickling Herring require at least 5 and 6 weeks respectively to eliminate viable larvae.  A reduction in the salt phase from 9% to 4.3% w/w, without change in the acetic acid concentration, resulted in the nematode survival time increasing from 35 days to more than 119 days.  Hayunga (1997) states that only thorough cooking  or prolonged freezing will kill the Anisakis parasite and eliminate the risk of infection.  Cold smoking and most methods of brining fish are not reliable preventative methods.

The salt tolerance of Gyrodactylus salaris is poor, and it begins to die at salt concentrations > 7.5 ppt, with normal seawater causing rapid inactivation (Soleng and Bakke, 1997).  Similar results were found for Gyrodacylus derjavini by Buchman (1997). 

Fan (1998) reported that metacercariae of Clonorchis sinensis remained viable and infective after 10 –18 days storage at –12°C, as did those stored for 3 – 7 days at –20°C.  Those kept in a heavily salted fish  (10g salt/3 g fish) at 26°C for 5 – 7 days also remained viable and infective.

Measures (1996) studied the hatching of eggs, and survival of the larvae, of the sealworm Pseudoterranova decipiens in fresh, brackish and seawater at temperatures from 0 – 15°C.  Eggs developed and larvae hatched in all treatments except at 0°C.  In brackish or seawater, larvae survived months at all temperatures, with longer survival at colder temperatures.  Survival in fresh water was of the order of days.

5.5.5.2 Freezing
Anisakid larvae are generally presumed to be killed by freezing and cooking (Angot and Brasseur, 1995).  A survey by Adams et al. (1994) of sushi and sashimi in restaurants and retail shops in Seattle supported this assumption.  All juveniles found in sushi were dead, most likely the result of using previously frozen fish.  The larvea of anisikine nematodes have been killed after freezing and holding at -20°C for 24 hours, however, Bier (1976) found that the larvae of some types may survive for as long as 52 h at –20°C.  Marques et al.  (1995) studied ten fishes from the Brazilian Coast and isolated approximately 48 anisakid larvae of the genera Contracaecum, Phocanema and Anisakis.  Twenty five fishes were held chilled or frozen, and larvae survival determined.  98% of the Contraceacum larvae survived storage at 0° for 5 days.  96.4% survived storage at –18°C for 24 hours.

Cooking is the most reliable method of killing parasites contaminating animal tissues, and normal, thorough cooking temperatures and times are usually sufficient (Kim, 1997).  Nonetheless, as the above data and that presented in Humphrey (1995) demonstrates, without adequate cooking there is the potential for survival or protozoan ASPs in FFHC.

5.5.6 Conclusions

The data presented above, and the patterns of microbial response to environmental conditions that it portrays, are consistent with the general features presented in S.3.3.1.2.  In particular, it is noted that the vibrio’s, which are generally recognised as being mesophillic and somewhat halophilic, do not appear to survive chilled and frozen storage as well as some other gram negative organisms which are more psychrotrophic such as aeromonads and pseudomonads.  With regard to vibrios, and other organism, interpretation of survival studies at conditions where temperatures are less than ~15°C may require careful interpretation because of the ‘vaible non-culturable’ (VNC) phenomenon (see Section 3.3.2-Moriarty?).  It is possible that some of the data reported for vibrio inactivation in FFHC is not inactivation per se, but inability to culture the survivors on normal culture media.  Under appropriate conditions, these non-culturable cells may become viable and infectious. 

Inhibitory factors in combination were shown, in general, to be more effective in inactivating ASPs than those factors operating alone, although there were a few examples in which the effects in combination were antagonistic.  On the basis of the information available there is nothing unusual about the levels of resistance of ASPs to various factors, and the resistances observed seemed to agree with the expectations from general description given earlier. It is noted that many of the organisms discussed above would require prolonged times (a few to many minutes) at normal cooking temperatures for one to have a high level of confidence that inactivation of ASPs potentially present were eliminated.  Organic matter provided protection against a range of lethal processes.

On the basis of this and Humphrey’s (1995) survey of data for stability of ASPs it would appear that first approximations of survival could be made on the basis of knowledge of the resistance of similar organisms described in the food microbiology literature.  Nonetheless, some knowledge of the ecological niches of the ASPs of interest would enable much better approximations of their likely stability under a range of conditions.

Of the processes that FFHC are likely to experience during normal processing, only thorough cooking (canning, hot smoking, pasteurisation) and processes that lead to very shelf stable products (strong brines, pickling) but which tend to be associated with lower volume commodities, will offer high certainty of inactivation of ASPs potentially present.  If present in internal sites in the product, e.g. those at the thermal centre, or contained in tissues that may retard the passage of chemicals such as salt or acids, reduced inactivation may result.  There are numerous reports that species known to include strains pathogenic to aquatic species can be found both on raw and processed seafood product at the point of retail sale.

�	The temperature range for stability depends on the thermal adaptation of  the organism that produces the enzyme.  Whatever the actual range, it often spans 40 – 60°C.


� 	Colony forming units is a term used to describe the number of bacteria per unit weight of volume of a sample.  It is used because most bacterial enumeration methods rely on the formation of colonies of bacteria on culture media.  Ideally the colony would arise from a single bacterium, but colonies that arise from a clump of bacteria are indistinguishable from those that arise from a single bacterium. 
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