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Introduction

Some readers may wonder why the food commodities covered in this
volume are confined to red meat, poultry and eggs. The answer is simply
that these foods are, or have been, major global causes of foodborne human
disease, and all are relatively susceptible to microbial growth and spoilage.
Red and white meats are traditionally associated with food poisoning that
arises mainly from mishandling of the meat in the kitchen. In England and
Wales, for example, there were more than 0.6 million cases of foodborne
illness that were attributable to red meat and poultry during 1996-2000,
with 305 deaths. The principal causative agents were Campylobacter and
Salmonella spp. (Health Protection Agency data). Shell eggs, on the other
hand, were long regarded as a safe food to eat, even when raw or only
lightly cooked and consumed by vulnerable groups in society. That view-
point had to be modified, when strains of S. Enteritidis emerged in the 1980s
with the capability of infecting the reproductive tract of the laying hen,
because a small, but significant, proportion of shell eggs was then contami-
nated internally with Salmonella and there followed a pandemic of human
salmonellosis. Thus, eggs had rapidly become one of the commonest sources
of Salmonella outbreaks in many countries, a situation that took some years
to show any real improvement — and could, conceivably, happen again!
Microbiological analysis has a lengthy history as a means of monitoring
the microbial quality and safety of foods, whether in relation to guidelines,
product specifications or legally enforceable standards. Following the more
recent development and gradual implementation of a risk-based, preventa-
tive approach to food safety control, microbiological testing of foods has a
further role to play and, in Europe, new microbiological criteria are being
introduced that will encompass the food commodities considered here.
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It seemed timely, therefore, to review the current analytical position and
speculate about future developments.

In a series of chapters that have been written by international experts,
the key aspects of microbiological analysis are described and discussed.
Some, such as sampling methods and use of faecal indicators, are aimed
specifically at the foods in question, while others have a wider relevance,
including current approaches to testing of foods, detection and enumera-
tion of pathogens and spoilage organisms, and microbial identification tech-
niques. Attention is also given to the validation of analytical methods and
Quality Assurance in the laboratory, both of which will have a considerable
impact on future laboratory practices. Because of their present importance
to the food industry, there are additional chapters on current and develop-
ing legislation in the European Union and the significance of Escherichia
coli O157 and other VTEC.

The book is not intended as a bench manual, but aims to be an up-to-
date reference work on what is clearly an important and dynamic area of
food microbiology. As such, it will allow those responsible for product
quality and safety to be fully informed about the issues involved in an area
that is so crucial to the functioning of the food industry. The book will also
provide students of food science and researchers with a scientific overview
of the analytical field.

In my role as editor, I am indebted to all the other contributors for their
diligence and hard work throughout the publication exercise. Thanks are
also due to the publisher for continuing support and encouragement, and
to my wife, Valerie, for her unfailing help in dealing with the manuscripts.
It has been a pleasure to work with all those concerned.
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Microbiological testing in food safety
and quality management
C. de W. Blackburn, Unilever Colworth, UK

1.1 Introduction

There has been an inexorable move towards a Quality Assurance (QA)
approach in the control of microbiological hazards in food, with the wide
adoption of Hazard Analysis Critical Control Point (HACCP), HACCP-
based approaches and pre-requisite programmes (PRPs) as preventative
management systems (Blackburn, 2003). This has meant a change in the
scientifically flawed approach of using microbiological testing as the sole
means of ensuring that microbiological hazards are under control.
Microbiological testing is now becoming integrated within these preventa-
tive management systems, and it can have a number of roles in monitoring,
validation and verification. In addition, microbiological testing may be
required to demonstrate compliance with microbiological criteria (whether
standards, guidelines or specifications) and in the investigation of a sus-
pected breakdown of process control.

Microbiological safety and quality of food are often separated and, in
many cases, there is a clear reason for doing so: most foodborne pathogens
will not be responsible for spoiling food (unsafe food may appear orga-
noleptically unchanged) and most spoilage microorganisms are not
pathogenic. However, the cases that illustrate safety and spoilage as being
a continuum (e.g. the growth of spoilage bacteria or moulds that, under
certain circumstances, can lead to safety hazards — the formation of biogenic
amines and mycotoxins, respectively) together with the lack of a clear dis-
tinction between the safety and quality of food by the consumer, which is
often mirrored in the eyes of the law, goes to emphasise the importance of
managing safety and quality in an integrated way (Blackburn, 2006).
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Food safety and quality need to be managed across the entire food
supply chain, often referred to as ‘farm-to-fork’, ‘plough-to-plate’ or ‘stable-
to-table’, and controlling microbial hazards in primary production can help
to reduce the burden of preservation at subsequent stages of the supply
chain and the risk of harm to the consumer. This is particularly important
since it has been estimated that 75 % of emerging pathogens are zoonotic
and that zoonotic pathogens are twice as likely to be associated with emerg-
ing diseases (Taylor et al, 2001). It has been suggested that consumer,
demographic and environmental trends and changes in farming practices
and food manufacturing are likely to lead to an increased risk of foodborne
illness in the future (Armstrong et al., 1996; Kiferstein and Abdussalam,
1999). This, in the context of an incredibly competitive global industry,
where there is continual pressure to reduce costs, places great importance
on the management of food safety and quality. The aim of this chapter is
to consider food safety and quality management systems and the role that
microbiological testing plays therein.

1.2 Control systems used in the food industry

1.21 Quality Control and Quality Assurance
Quality Control (QC) and Quality Assurance (QA) are two different
approaches to delivering safety; both systems share tools, but the emphasis
is very different (Table 1.1). Both approaches are legitimate, but they need
totally different organisations, structures, skills, resource and ways of
working (Kilsby, 2001). QC is a reactive approach influenced by the pres-
sures in the external world. In a QC organisation, the emphasis is on meas-
urement, which needs to be robust and statistically relevant, and the focus
is on legal and commercial issues. In contrast, QA is a preventative approach
driven by the company’s internal standards. The emphasis is on operational
procedures, which must be robust and reviewed regularly, and the focus is
on the consumer.

There are several problems associated with relying on testing for product
safety assurance (van Schothorst and Jongeneel, 1994). In order to apply

Table 1.1 A comparison of Quality Assurance and Quality Control

Factor Quality Assurance Quality Control
Approach Preventative Reactive
Reliance for delivering Central standards and Measurement
safety processes
Focus Consumer Legal and commercial

issues

Source: Kilsby (2001).
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any statistical interpretation to the results, the contaminant should be
distributed homogeneously throughout the batch. Since microbiological
hazards are usually distributed heterogeneously, this means that there is
often a major discrepancy between the microbiological status of the batch
and the microbial test results (ICMSF, 1986). Even if the microbial distribu-
tion is homogeneous, testing a sufficient number of sample units for all the
relevant hazards to obtain meaningful information may still be prohibitive.
Perhaps most significantly, microbiological testing detects only the effects
and neither identifies nor controls the causes.

As a consequence, there has been an inexorable move from QC to QA
in the management of microbiological hazards in food, with the focus on
preventative control measures rather than finished product testing. Although
microbiological analysis has subsequently borne the brunt of much denigra-
tion, it still has a vital role to play as part of a QA framework, albeit with
a shift in application and emphasis.

1.2.2 Product design

Food product design can be defined as the process and formulation factors
intended to give the product its typical characteristics and allow it to meet
customer expectation. Microbial contamination can then be defined as the
presence of types or numbers of microorganisms not envisaged in the
product design.

In food manufacture, the overriding microbiological concern is that of
safety. Safety assurance is best obtained by focusing on ‘safety by design’,
with a combination of formulation and processing conditions to ensure that
pathogenic microorganisms are controlled (in the design). Provided that
the necessary PRPs are in place, then the HACCP system is used to ensure
that the safe design is implemented and that ‘operational safety’ is main-
tained. However, from a business perspective, the control of spoilage is also
important and the use of a ‘stable by design’ approach (Blackburn, 2006)
and implementation by means of HACCP-like principles, together with all
the associated PRPs, can also be harnessed to help manage food quality.

1.2.3 Hazard Analysis Critical Control Point (HACCP)
HACKCEP is a food safety management system that uses the approach of
identifying, evaluating and controlling hazards that are significant for food
safety. HACCP was originally designed for manufacturing environments
and it has been standardised (Codex Alimentarius Commission [CAC],
1997) and widely adopted (Mayes and Mortimore, 2001; Mortimore and
Mayes, 2002). The HACCP process comprises seven principles, which are
further broken down into tasks (Table 1.2).

Although it is widely accepted that HACCP is the most effective means
of producing safe acceptable food, the classical HACCP approach is not
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Table 1.2 HACCEP principles and tasks required for their application

Principle Task

Assemble HACCP team

Describe product

Identify intended use

Construct flow diagram

On-site confirmation of flow diagram

List all potential hazards associated

with each step, conduct a hazard

analysis, and consider any measures

to control identified hazards

2. Determine the Critical 7. Determine Critical Control Points
Control Points (CCPs)

SR e

1. Conduct a hazard analysis

3. Establish critical limit(s) 8. Establish critical limits for each CCP

4. Establish a system to monitor 9. Establish a monitoring system for
control of the CCP each CCP

5. Establish the corrective action 10. Establish corrective actions

to be taken when monitoring
indicates that a particular CCP
is not under control
6. Establish procedures for 11. Establish verification procedures
verification to confirm that the
HACCEP system is working

effectively
7. Establish documentation 12. Establish documentation and record
concerning all procedures and keeping

records appropriate to these
principles and their application

Source: CAC (1997).

fully applicable to other parts of the food supply chain. However, increas-
ingly the HACCP approach is being modified to encompass the entire
farm-to-fork continuum (Fig. 1.1). In the EU, this is being driven by legisla-
tion that has made HACCP mandatory in all food production and process-
ing businesses (post-primary production) from 1 January 2006.

In the food service sector, adaptations of the HACCP approach in the
form of a more ‘user-friendly’ format have been attempted and this has led
to the development of Assured Safe Catering (ASC), Systematic Assessment
of the Food Environment (SAFE) and generic HACCP approaches
(Griffith, 2002). In response to the changes in European legislation, the UK
Food Standards Agency (FSA) have produced an information pack ‘Safer
food better business’ to help small catering businesses, such as restaurants,
cafés and food takeaway establishments. The FSA Scotland has also devel-
oped ‘CookSafe’ which is designed to help catering businesses understand
and implement a HACCP-based system.

Although primary production is currently exempt from the mandatory
HACCP requirements of the European Commission, HACCP principles
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have been applied to farm production, and potential benefits for improving
the health status of livestock, for reducing or controlling foodborne patho-
gens and for QA have been reported (Johnston, 2002). Hazard analysis and
the identification of potential control measures can certainly be applied to
the farm situation, but the identification of true CCPs is problematic,
because the effects are often not quantitative and hence critical limits and
arelevant monitoring system are difficult to establish (Maunsell and Bolton,
2004). However, a HACCP-based approach to food safety at the farm level
can identify good farming practices (GFPs), which can be implemented in
a similar way to CCPs (Maunsell and Bolton, 2004).

The use of HACCP and/or HACCP-based approaches has been applied
to the meat and poultry industries. In the USA, there has been widespread
recommendation for federal meat and poultry inspection to reduce its reli-
ance on organoleptic inspection of carcasses and move to prevention-
oriented systems based on public health risk (Cates et al., 2001). Resulting
HACCP-based slaughter inspection models have been developed, and
plants operating under these models have been shown to maintain or even
improve food safety, as measured by results of Salmonella and Escherichia
coli testing (Cates et al., 2001).

HACKCEP studies have indicated that feed is a critical point in the produc-
tion of eggs free of pathogenic microorganisms (Cabo Verde et al., 2004),
and shell-egg washing is normally defined as a CCP in the commercial shell-
egg washing and grading processes used in some countries (Srikaco and
Hourigan, 2002).

In addition to the use of HACCP or HACCP-based approaches across
the food supply chain, these principles need to be implemented for new
food products during the transition from product development to manufac-
ture (from ‘concept-to-consumer’). To this end, the HACCP process often
starts with a product/process concept, where design control points (DCPs)
rather than CCPs are identified.

HACKCEP is targeted primarily at safety, but the same principle can be
applied to the control of microbiological spoilage. In Australia in the 1990s,
the recognition that customers expect safe food but discriminate on quality,
when making their buying decision, led to the development of two key,
voluntary, third-party certified standards focused on using HACCP princi-
ples for both quality and safety (Peters, 1998). Both standards were devel-
oped in 1995 after significant research into customer expectations, and
small-to-medium size business development capabilities. Customer-defined
product specifications became the key to developing these HACCP-based
QA standards. The HACCP principles are used to identify quality control
points (QCPs) and quality points (QPs) in the process. However, it should
be noted that one of the causes attributed to failure to implement HACCP
successfully has been the tendency to include quality as well as safety issues
(Mortimore and Mayes, 2001).

Regardless of whether microbiological spoilage hazards are considered
during the HACCP study, their control will need to be considered prior to
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HACCP implementation. Indeed, microbiological control based on safety
alone could well lead to the proliferation of spoilage microorganisms.
In many cases, the critical limits of CCPs may need to be more severe to
control microbial spoilage hazards, as compared with safety hazards alone.
A good example is in the setting of heat processes, where a minimum treat-
ment is likely to be defined by the most heat-tolerant pathogen that needs
to be controlled, but relevant spoilage organisms often have greater heat
resistance, thus requiring higher temperatures and/or longer treatment
times (Gaze, 2005).

1.2.4 Pre-requisite programmes

It is generally agreed that the most successful implementation of HACCP
is done within an environment of well-managed PRPs (Mortimore and
Mayes, 2002). This is highlighted by the fact that the confusion surrounding
the relationship between PRPs and HACCP is considered to be one of
the causes of failure in successful HACCP implementation (Mortimore
and Mayes, 2001). Safety and quality control points identified during the
HACKCEP study should be separated in order to deal with the non-safety
points through PRPs and the safety-critical points through CCPs
(Suwanrangsi, 2001).

Although definitions vary, the concept of PRPs does not differ signifi-
cantly from what may be termed good manufacturing practices (GMPs).
GMP is concerned with the general (i.e. non-product specific) policies,
practices, procedures, processes and other precautions that are required to
consistently yield safe, suitable foods of uniform quality. Good hygienic
practice (GHP) is the part of GMP that is concerned with the precautions
needed to ensure appropriate hygiene and, as such, tends to focus on the
pre-requisites required for HACCP (Table 1.3). Although GMP cannot
substitute for a CCP, collectively it can minimise the potential for hazards
to occur, thus eliminating the need for a CCP. The implementation of effec-
tive GMP will control ‘general’ or ‘establishment’ hazards, many of which
would include potential spoilage microorganisms that would otherwise
have to be controlled by a CCP. Failure to have GMP in place will inevita-
bly lead to a large number of CCPs in the HACCP plan, covering both
‘general/establishment’ hazards and product-specific ones.

QA processes should prevent microbiological contamination, but these
systems are never perfect all of the time, and sometimes there is a failure
of control (or a failure to recognise hazards and implement the necessary
control) at a particular stage in the food supply chain. Therefore, the pos-
sibility of unsafe or spoiled product reaching the market must be addressed
and post-launch management systems need to be in place to deal with these
situations. This could include monitoring systems, e.g. customer complaints,
traceability and recall procedures (Venugopal et al., 1996; EC, 2002).

Prerequisite programmes are also recognised for other parts of the food
supply chain (Fig. 1.1). For catering/food service businesses, good catering



8 Microbiological analysis of red meat, poultry and eggs

Table 1.3 Examples of good hygienic practices (GHPs)

Area, practice or procedure Scope
Food manufacturing premises Hygienic design and construction
Machinery Hygienic design and construction
Proper use
Maintenance
Cleaning and disinfection procedures Efficacy
Frequency
General hygienic and safety practices Microbial quality of raw materials

Supplier Quality Assurance
Hygienic operation of each process step
Hygiene of personnel

Food hygiene training

Pest control

Water control

Air control

Product rework procedures
Product recall

Waste management

Labelling and traceability systems
Transportation

Source: Brown (2002); Mortimore and Mayes (2002).

practice (GCP) is analogous to GMP (Griffith, 2002). With regard to
primary production, good animal husbandry practices (GAHP) (Hafez,
1999; Johnston, 2002; CAST, 2004), good agricultural practices (GAP)
(FDA, 1998) and good farming practices (GFP) (Maunsell and Bolton,
2004) have been documented.

The importance of GAHP being implemented pre-harvest to control
Salmonella and Campylobacter within the poultry industry has been high-
lighted (Hafez, 1999). This requires effective hygiene measures, particularly
cleaning, applied to poultry houses, feed mills and hatcheries and to the
catching and transport of live poultry. To reduce carcass contamination
during processing GMPs, particularly thorough schedules for cleaning and
disinfection of equipment and plant, are also essential (Hafez, 1999).

1.2.5 Risk assessment

In a food safety context, the formalised meaning of risk assessment has
evolved primarily from the CAC definitions (FAO/WHO, 1995), where risk
assessment is the primary science-based part of risk analysis, dealing specifi-
cally with condensing scientific data to an assessment of the human health
risk related to the specific foodborne hazard, and risk analysis according to
these definitions also comprises risk management and risk communication
(Schlundt, 2000). Microbiological risk assessment approaches have been
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utilised primarily by regulatory bodies and researchers in order to deter-
mine the best and/or most effective risk management options (Gale, 1996;
Lawrence, 1997; Gofti et al., 1999; Schlundt, 2000; Kelly et al., 2003;
McLauchlin et al., 2004.) However, the food and beverage industry is begin-
ning to apply these risk assessment approaches in order to help better
manage microbial pathogens (Membré et al., 2005, 2006; Syposs et al., 2005).
Risk assessment approaches have particular value when a risk management
decision is required related to a critical and complex food safety issue where
there may be a high degree of uncertainty and variability in the relevant
information and data. For example, risk assessment outputs have enabled
decisions to be made about heat process optimisation (Membré et al., 2006)
and shelf-life determination (Membré et al., 2005). Risk assessment ap-
proaches are not without disadvantages in that they can be time consuming
and require a great deal of detailed knowledge, as well as considerable skill,
to implement.

1.2.6 Microbiological hazard management

Ross and McMeekin (2002) represented the potential interplay of the
fundamental elements of pathogen management: the building blocks of
scientific/industry knowledge; risk assessment as a decision support tool;
and HACCP as the mechanism for translating quantitative, risk-based, food
safety strategies into practical pathogen management systems to achieve
the overall objective of ‘safe’ food. Blackburn (2006) went on to propose
that microbial quality (spoilage) management could also be transposed
onto this model, with the overall objective being extended to ‘safe and
stable’ food and, in addition to Food Safety Objectives (FSOs) as targets,
this could be extended to the concept of an acceptable level of spoilage
(e.g. spoilage/defect/failure rate). Scientific and industry knowledge would
be required to identify both the relevant microbial safety and spoilage
hazards and the possible means for their control. HACCP and/or HACCP-
like principles, together with associated PRPs, would be the mechanism for
achieving this objective, with CCPs in combination with QCPs to control
the safety and spoilage hazards. The decision-making tools linking scien-
tific/industry knowledge and HACCP/PRPs would include risk assessment
(Ross and McMeekin, 2002), as well as the more commonly used challenge
testing, shelf-life assessments and predictive models (Blackburn, 2006).

1.3 Role of microbiological testing

1.3.1 Challenge testing and predictive models

Challenge testing and shelf-life assessments are often required for deter-
mining the safety and/or stability of a food product (CCFRA, 2004a). In
essence, microbiological challenge testing involves the inoculation of a food
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