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FOOD SAFETY MANAGEMENT TOOLS

FOREWORD

Throughout the world, the food supply chain, including food manufacturing,
distribution and retailing, has become a highly complex business. Raw materials

are sourced on a global scale, an ever-increasing number of processing technologies
are used, and vast arrays of products are available to consumers. Such complexity necessitates the
development of comprehensive control procedures to ensure the production of safe and high quality
food. In addition, consumer expectations are changing, with a desire for convenient, “less-processed”
and fresher food with more natural characteristics. Against this backcloth of change, the total food
chain has to ensure that the highest standards of safety are maintained.

At all stages of the food supply chain, from production of raw materials to manufacture, distribution
and sale, both through retail and catering outlets, consideration must be given to the safety issues
associated with the specific products, processes and methods of handling. Food safety issues also arise
during the storage, handling and preparation of food by consumers in the home.

This report provides an overview of tools currently available for the management of food safety. It
does not describe the tools in detail, as the information is available in other texts (Lammerding, 2007,
Stringer, 2004 & 2005, Schothorst, 2004 and Gorris et al. 2000). It should be of use to all those in
the food supply chain where product safety is a potential issue: primary producers, food and food
ingredient manufacturers and processors, food distributors, food handlers, food retailers and the food
service sector. Irrespective of size and complexity, all these food businesses should have an appropriate
programme for ensuring that the food it supplies is safe.

Background to the development of this report

The first edition of this report was written by Jean-Louis Jouve, Mike Stringer and Anthony Baird-
Parker. It has been widely distributed, translated into Russian, and used for various purposes. When it
was published in 1998, many of the views it expressed were prospective in nature. Since then, regulation
and standardisation has evolved considerably and continues to do so.

In this second edition, recent advances have been taken into account, and the original text has been
updated as necessary. The primary focus remains on microbiological food safety management; however,
the general principles presented are also applicable to the management of chemical food safety.



1. INTRODUCTION TO FOODBORNE ILLNESS
AND FOOD SAFETY POLICY

1.1 Foodborne illness

Despite the progress in medicine, food science and the technology of food production, illness caused by
foodborne pathogens continues to present a major problem to health and is of economic significance.
Estimates of the incidence of foodborne illnesses vary greatly, due mainly to large differences in the
sources of data and in surveillance systems. Nevertheless, there is agreement that foodborne illness is
one of the principal causes of human morbidity. In industrialised countries, the percentage of people
suffering from foodborne diseases each year has been estimated to be up to 30% (WHO, 2003; WHO,
2006). For example, it has been estimated that each year foodborne illness causes approximately
2,366,000 cases, 21,138 hospitalisations and 718 deaths in England and Wales (Adak et al., 2002). In
2005 it was reported that there were 17.2 million cases of gastroenteritis in Australia each year, of which
5.4 million (32%) were estimated to originate from contaminated food. The most common pathogens
responsible for foodborne gastroenteritis were pathogenic Escherichia coli, Norovirus, Campylobacter and
non-typhoidal Salmonella (Australian Government, 2005). Recently, Scallan ef al. (2011) published data
on foodborne illness obtained from active and passive surveillance and other sources in the United
States.. They reported that each year 31 major pathogens caused 9.4 million episodes of foodborne
illness, 55,961 hospitalisations and 1,351 deaths.

It can be assumed that the burden of foodborne illness is of the same order of magnitude in most
industrialised countries. It should also be taken into account that only a small proportion of these cases
are ever brought to the attention of health authorities.

Even when the incidence rate is low, the public health impact of foodborne illnesses can be high, due
to the severe consequences these diseases have for certain segments of the population (e.g., young
children, elderly people, pregnant women or immuno-compromised people) and the high mortality
rate of certain diseases (e.g., listeriosis or botulism). It has also to be appreciated that even less
severe episodes of foodborne gastroenteritis may lead to chronic and often severe sequelae including
rheumatoid conditions, nutritional and malabsorption problems, haemolytic-uraemic syndrome
(Verotoxin producing E. coli) or Guillain-Barré syndrome (Campylobacter).

Estimates have been made of the economic consequence of foodborne illness, where costs are incurred
by individuals who become ill (including sequelae), by their employers, their families, health-care
agencies and the food companies and businesses involved. Beyond productivity losses, additional costs
may be incurred by industry or in some cases by governments. These costs relate to disease eradication,
litigation, product recalls, market impact and the impact on value of firms (OECD, 2003). For instance,
in England, the Food Standards Agency (FSA, 2000) calculated the overall annual cost of infectious
intestinal diseases at GB £742.8 million (US $1137.5 million). Similarly the total cost of foodborne illness
in Australia is estimated at AUS $1,249 million per annum (Australian government 2006).

1.2 Factors that affect the epidemiology of foodborne illness

A number of changes justify concern about the incidence of foodborne illness. These include, in
particular, microbial adaptation, changes in food production and trade, changes in lifestyle and
consumers expectations, and changes in susceptible populations (WHO, 2000).
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1.2.1 Changes in microbial features

Most of the new or emerging pathogens (e.g., E. coli O157:H7, Campylobacter jejuni) have an animal
reservoir and may enter the food chain at an early stage. Changes in microbial populations associated
with changes in food production and distribution can foster the ability of pathogens to survive in
adverse environmental conditions.

1.2.2 Changes in food production and trade

Modern intensive animal husbandry practice, intensive farming and associated practice (e.g., recycling
waste products) were introduced to maximise production. Many can also increase the opportunity for
infection and colonisation of farm animals, and allow the rapid spread of human and animal pathogens.

Advances in processing, preservation, packaging and storage technologies have enabled the food
industry to supply a greater variety of foods. Increasingly, the advances in processing technologies
have been made to develop products with minimal process-induced changes in sensory or nutritional
characteristics. It is expected that these technologies will play an increasing role in the future. However,
they may also introduce a number of limitations in terms of pathogen inactivation and reduction, or
process control. The use of these alternative technologies may have consequences on the microbial
population (e.g., selection and spread of resistant strains of pathogens) further along the food chain,
beyond the immediate effects (IFT, 2002). All developments in processing technology have to be fully
evaluated to ensure the design of safe commercial processes.

The increasing globalisation of the food trade has also affected the epidemiology of foodborne diseases,
as the increased use of raw materials and products sourced from a wider range of countries facilitates
the geographic spread of diseases associated with particular contaminants.

1.2.3 Changes in lifestyle and consumer requirements

Food products innovation is largely being driven by lifestyle and consumer requirements. Examples of
those requirements include the increased demand for accurate, understandable nutritional information,
and the increasing emergence of functional foods making nutritional or health claims. There is also a
significant worldwide trend to increased consumption of food outside the home (e.g., in restaurants
and fast food outlets). When unhygienic food preparation occurs in these establishments, it may lead to
foodborne illnesses that affect large numbers of people. (It should also be noted that unhygienic food
preparation also occurs in the home and is not regulated.)

A major increase in international travel for business or vacation purposes means that more people are
potentially being exposed to pathogens that are either uncommon in their own countries, or are present
with a low prevalence.

In developed countries, demand is increasing for convenience foods that are produced with minimum
preparation and processing. The production of these foods challenges the industry to use less harsh
processing and production regimes, meaning that these foods require great care in their distribution,
storage and preparation prior to final consumption. In addition, in some countries consumer resistance
to the use of added preservatives has resulted in alternative preservation methods being used that may
be less efficacious.

1.2.4 Changes in susceptible populations

Young children are more likely than adults to develop illness from foodborne pathogens. Elderly people
are particularly susceptible and in many countries the aged population is increasing. People with
weakened immune systems may become infected with foodborne pathogens at lower infectious doses
and are more likely to experience morbidity and/or mortality, in particular from opportunistic pathogens.



1.3 Evolution in food safety policies

Facing the changing context in which food is produced and traded, important changes in food safety
policies and food regulatory measures have taken place at both international and national levels.

The Sanitary and Phytosanitary (SPS) Agreement of the World Trade Organization (WTO) put emphasis
on the role of the Codex Alimentarius Commission (the “Codex”) as representing the international
consensus with respect to food standards. Codex is an inter-governmental programme for standards
setting, with the objective of promoting food safety and fair practice in trade. Codex has now developed
a number of basic texts on food hygiene (Codex Alimentarius, 2003) and a large body of standards and
other texts. These documents serve as reference documents. Many governments have adopted Codex
standards into their national regulations. For example, in the USA, the regulation on Pathogen Reduction
incorporates the implementation of the Hazard Analysis Critical Control Point (HACCP) system, the use
of Sanitation Standard Operating Procedures and of Microbiological Performance Criteria and Standards
from the Codex (USDA, 1996). In Europe, the redraft of EU regulations related to food safety establishes
that food operators should comply with identified food hygiene requirements and put in place, implement
and maintain permanent procedures based on the HACCP principles (Regulation numbers 178/2002,
852/2004 and 853/2004).

Moreover, the SPS Agreement has established the tenet that“Members shall ensure that their sanitary
and phytosanitary measures are based on an assessment, as appropriate to the circumstances, of the risk
to human, animal or plant life or health”. This led to the progressive emergence of a risk-based approach
to food safety. It has fostered the development of formal methodologies for risk assessment, whereby risk
analysis has now become a core paradigm in modern food safety governance. In this regard, FAO and
WHO have played a leading role in commissioning risk assessments and in elaborating and promoting
related methodology and guidelines (FAO/WHO, 2006a). Codex, FAO and WHO actively advocate a risk
analysis approach to managing food safety.
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2. FOOD SAFETY MANAGEMENT IN THE FOOD
INDUSTRY

2.1 A managed programme

Safety is of paramount importance to all companies and organisations involved in the production, sale
and handling of food. Modern trading conditions and legislation require food businesses to demonstrate
their commitment to food safety through an appropriate management programme. Such a programme
should take account of the role of businesses in the food chain, whether they are primary producers,
manufacturers, retailers or caterers. This programme will ensure that a company elevates commitment
to the safety of its product to the highest level.

The food safety programme should focus on where improvements are necessary and can properly be
applied to organisational, technical and communication issues. All company employees, from senior
management to food handlers, should be aware of the significance of food safety and the damage that
can be caused both to the company and to its customers and consumers should the programme break
down. The programme should identify the key tools available and their application to all stages of
production, distribution and sale.

2.2 Programme development

The programme can be developed through a series of specific activities. These activities are considered
in the following sections.

2.2.1 Management responsibility and commitment

Senior company management, in all sectors of the food industry from farm to delivery to the consumer,
has the ultimate responsibility for ensuring that the highest standards of food production and handling
(this includes areas of primary producers; food and food ingredient manufacturers and processors; food
distributors; food handlers; food retailers; and the food service sector) are achieved with respect to food
safety. Total commitment to this aim is crucial to the successful implementation of a food programme.

2.2.2 Preliminary food safety review

A preliminary food safety review aims at establishing the current business position with regard to food
safety and to determine the needs and opportunities for improvement. The review would include the
following:

¢ The identification of relevant food safety issues.

* The production, processing, distribution and consumption conditions, and their potential impact on
food safety, in all operating conditions.

e The current safety procedures and practical level of control.
® The information gained from investigations of past problems.

* An inventory of constraints, in particular legal and regulatory requirements for control (e.g.,
performance objectives, microbiological criteria), other professional or contractual requirements
(e.g., codes, guidance documents, requirements for certification), as well as market constraints
(economic issues and costs, e.g., of raw materials).

* An assessment of performance against expressed internal or external criteria.
* An overview of opportunities, e.g., product development, process innovation, new markets.

e Current management control practices for chemical and physical hazards.



Note: Aiming at continuous improvement, the development of a food safety programme is flexible and
iterative. Where a food safety programme already exists, this examination would follow performance
assessment and serves as a starting point for revision and improvement of the programme.

2.2.3 Food safety policy

The food safety policy is a statement by senior management, which outlines the general approach to ensure
the safe production and handling of food. The company should make sure that the food safety policy:

* is appropriate to the nature and activity of the business,

* provides a commitment to continuous improvement,
* complies with legislation, and

e is fully communicated, understood and supported by all employees.

2.2.4 Planning
Senior management should ensure a logical and structured approach to both organisational and product/
process-related activities.

Organisational planning should include the preparation of a detailed food safety programme. This
should clearly define assignment of responsibility, resources, requirements and lines of communication
to gain the full commitment from all personnel to the food safety programme. This process, through
assessment and audit, should seek continuous improvement.

Product and process planning should result in the definition of clear and unambiguous standards for
products and practices. All such requirements should be based on a full consideration of constraints,
opportunities and other factors as identified in the preliminary food safety review. Food safety requirements
include the definition of product and process characteristics as well as the characteristics and level of
control necessary.

Techniques for product and process planning vary, but typically require a thorough understanding of all
stages of the production cycle from raw material production and acquisition through to finished goods
and their use. This will include a detailed knowledge of product-process interaction, product and process
specifications, monitoring and verification procedures and methods for dealing with non-conformance.

With this knowledge, a detailed analysis can be undertaken to identify factors that may affect food safety.
Appropriate control measures can then be identified and implemented. It is essential to fully document
this analysis, which will describe the procedures to ensure compliance with food safety requirements and
the operational criteria necessary for product and process control.

To achieve this analysis, a number of specific tools have been developed, some of which have been widely
used in the food industry, e.g., HACCP (see Section 3).

2.2.5 Validation

Validation is a process intended to ensure that all decisions are sound, based on robust supporting
scientific evidence and technical inputs, and result in implementation plans and activities that are
effective in ensuring that the appropriate level of protection against identified food safety risks will be
achieved. Typically, validation encompasses a critical assessment of the evidence supporting the analysis
of hazards and risks to food safety and decisions based on that evidence, including a company’s food
safety requirements and controls. As far as possible, a thorough validation should be undertaken before
the food safety programme is finalised and implemented.
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Figure 1: Development of a microbiological food safety programme
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2.2.6 Implementation and operation

Effective implementation of planned arrangements requires adequate apportioning of human, technical
(facilities, equipment) and financial resources, and development of appropriate support mechanisms.
Establishment and maintenance of operational control, together with the development of operating
procedures and appropriate documentation, is crucial to ensuring that food safety performance is
consistent with the organisation’s policy and requirements. Implementation has also to include
procedures to respond to accidents or emergency situations.

2.2.7 Assessment of performance: verification and audit

Senior management should ensure that there is a process of regular assessment of performance of the
food safety programme. This will include gathering information, verification and audit of operational
activities to ensure that they conform to the planned arrangements, that all food safety requirements
are being met, and to identify any weaknesses.

Verification is included as part of a company’s food safety programme (e.g., within the HACCP plan).
It is part of the internal process of performance assessment and responsibilities are attributed to staff
members. Verification includes planned activities, e.g., internal audits and data review, necessary to
demonstrate that the food safety programme is working effectively.

Third-party audits are assessment activities carried out by entities that are not part of the company’s
structure. The auditing process is intended to check for adherence to specified and documented
procedures and requirements (e.g., regulations or standards) at one point in time. Third party audits
provide a useful mechanism by which supplier—customer trust is built up through conformity evaluation.
The results of audits, reports or certificates, can also serve as support for communication. To ensure the
quality of their service, auditing entities should operate in accordance with specific requirements, as
laid down in International Standards (e.g., EN 45012 or EN 45011) or in specific documents (e.g., EFSIS
— the European Food Safety Inspection Service — service protocol, or requirements for accreditation
authorities and auditors laid down in the IFS standard itself, see Section 3.4). Such an assessment is the
specific aim of validation activities.

2.2.8 Adjustment, improvement and review

The analysis and assessment process is likely to identify issues for adjustment, modification and
improvement. These should be undertaken and appropriate follow-up carried out. There should be
an ongoing review process designed to ensure that changes in the food safety context, in production
conditions and in the regulatory requirements are taken into account to further enhance the assurance
of food safety.

11
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3. FOOD SAFETY PROGRAMME: USE OF TOOLS

T he practical success of the food safety programme will depend on the proper use of
appropriate methods and tools. These will include Good Hygiene Practice (GHP),

Good Manufacturing Practice (GMP) and HACCP (Hazard Analysis Critical
Control Points). Other tools of more general application are standardised models for management
systems and the Total Quality Management (TQM) approach. Increasingly risk assessment, developed
in the framework of risk analysis, emerges as a means to link operational performance and regulatory or
business requirements to the health and safety of consumers.

Section 3 describes the application of these tools in the context of a food safety programme.
3.1 An integrated approach
Figure 2 illustrates the interrelationship among the commonly used food safety tools.

Figure 2: Food safety tools — An integrated approach for microbiological hazards in food.
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An essential foundation of any activity involving food manufacture, handling and catering is a thorough
understanding of the appropriate requirements of GHP and GMP associated with the particular product
or commodity. Adherence to these good practices is the absolute minimum requirement in any food
business.

HACCP is now widely adopted as an essential approach to the systematic identification, evaluation and
control of hazards associated with the production, manufacture, distribution and use of food products.
It provides a mechanism to define preventive measures for hazard control. Although GMP and GHP
address the generic requirements for manufacturing safe food, the benefit of HACCP is that it addresses
specific hazards unique to particular products and processes.
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Food businesses are increasingly concerned to achieve and demonstrate sound food safety performance.
Consequently, they develop management systems, which address key aspects of food safety control and
assurance. Where such a system exists, GMP/GHP and HACCP are integral parts of the overall system.
Models for the development of food safety management systems include International Standards
(ISO 22000) and other standards such as the BRC standard-food or the IFS model (see Section 3.4).
Food safety management systems can be integrated with other management systems, quality
management and environmental management in particular. There are many forms for such systems;
perhaps the most widely used are based on the ISO 9001:2000 standard for quality management and on
the ISO 14000 series for environmental management. They are components of a longer-term strategy
to manage industrial risks.

Risk analysis, as carried out by governments, encompasses three components which are risk
assessment, risk management and risk communication. The approach is key to understanding the
factors that determine the impact of food chain activities on human health, as well as determining
and communicating the most appropriate measures for mitigating risk. Risk mitigation strategies used
by governments include public information campaigns, mandatory standards and codes of practice.
The application of risk analysis is now central to public decision making on food safety. This includes
determination of objectives intended to guide the performance of food operators along the food chain.

3.2 Good Manufacturing Practice (GMP) and Good Hygiene Practice
(GHP)

GMP covers the fundamental principles, procedures and means needed to design an environment
suitable for the production of food of acceptable quality. GHP describes the basic hygienic measures
which establishments should adopt and which are the prerequisite(s) of other approaches, HACCP
in particular. GMP/GHP requirements have been developed by governments, the Codex Committee
on Food Hygiene (Codex Alimentarius, 2003) and the food industry, often in collaboration with other
groups and food inspection and control authorities.

GMP codes and the hygiene requirements they contain (GHP) are the relevant boundary conditions for
the hygienic manufacture of foods. They should always be applied and documented. The Codex General
Principles of Food Hygiene (Codex Alimentarius, 2003) makes provisions for the following measures
of a general nature:
* The hygienic design and construction of food manufacturing premises
® The hygienic design, construction and proper use and maintenance of equipment
¢ (leaning and disinfection procedures (including pest control)
* General hygienic and safety practices in food processing including:

— the quality of raw foods,

— the hygienic operation of each process step, and
— the hygiene of personnel and their training in the hygiene and safety of food.

3.3 HACCP

HACCP provides a structured approach to the assurance of the safety of specific products and their

associated processes. In essence, it involves:

¢ Identification and evaluation of hazards of concern, such as pathogenic agents or chemical
contaminants and the conditions leading to their presence and proliferation

¢ Identification of the specific requirements for their control

* Mechanisms to measure and judge continuously the efficacy of the HACCP system

13
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The methodology for using HACCP involves, in its simplest form, involves the systematic application of
seven principles (Codex Alimentarius, 2003):
¢ Conduct a hazard analysis.

e Determine Critical Control Points (CCPs).
e [Establish critical limits.
¢ Establish a system to monitor control of CCPs.

¢ Establish the corrective actions to be taken when monitoring indicates that a particular CCP is not
under control.

e Establish verification procedures to confirm that the HACCP system is working effectively.

¢ Establish documentation concerning all procedures and records appropriate to these principles and
their application.

Regulations in the European Union, and the legislation of a number of countries, require the
implementation of a HACCP-based system in businesses associated with food production. Irrespective
of the size of a food business, HACCP should be an essential component of the food safety management
system.

Full compliance with GMPs/GHPs, including procedures for sanitation, is an essential precondition to
the introduction of HACCP into a food production or processing plant. The combination of GMP/GHP
and HACCP is beneficial in that its effective application allows the HACCP plan to focus on the critical
determinants of safety.

For steps in the food production process that have not been recognised as critical control points, the
application of GMP/GHP provides assurance that control is nevertheless being applied. Hazard analysis
within the HACCP programme might also provide information to improve current GMP/GHP for
specific products or processes.

The evolution of food safety policies and recent experiences in applying HACCP put strong emphasis
on the need for validating the elements of the HACCP plan. Validation should in principle be conducted
before implementation of the plan. Basically, validation should include a critical assessment of 1) the
supporting scientific and technical evidence used to prepare the HACCP plan, and 2) the resulting
decisions related to hazard analysis, control measures, critical limits, monitoring, corrective actions and
verification procedures (ILSI Europe, 1999; 2004b). In the contemporary context of legal accountability
and responsibility, validation is of utmost importance in food safety and should be emphasised in
programme development.Validation may also be needed if the verification procedures indicate a problem
in meeting the specification of final products, or if a change in the process or product is introduced.

3.4 Models for management systems

3.4.1 Food safety management systems

In light of the evolution of the agro-food industrial sector and taking into account the increased
perception of the importance of food safety requirements, a number of models have been developed
to standardise approaches to food safety management. Standardised models include the International
Standard ISO 22000:2005 and several other standards, such as the BRC standard-food or the IFS model.

The International Standard ISO 22000:2005 is presented as a means to harmonise the requirements for
food safety management in food and food-related business on a global level. It applies therefore to all
types of organisations in the food chain, from (for example) food producers through to distribution and
retail outlets. Specifically, the ISO 22000:2005 standard specifies a number of requirements for operating
a food safety management system. It also integrates Good Practices (GMP and GHP) as prerequisites,
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but without expressing specific requirements in this regard, and incorporates the use of the Hazard
Analysis Critical Control Point (HACCP) system to facilitate its implementation. This standard has
been developed as an auditable standard. The ISO 22000 standard may be applied in its own right.
Nevertheless, its format is aligned with ISO 9001:2000 (quality management) and ISO 14001:2004
(environmental management) to enhance compatibility and foster complementarities.

Other standards have been developed by groups of retailers, with the aim of providing a common
reference for their suppliers. These standards can also be used by the manufacturing industry for its
own suppliers. For example, the BRC standard-food has been developed in the United Kingdom as
a “technical standard for companies supplying retailer-branded food products” by the British Retail
Consortium. Additionally, the International Food Standard (IFS) originated in Germany at the initiative
of the HDE (Hauptverband des Deutschen Einzelhandels) and is rapidly gaining international favour. In
essence, these standards express requirements related to the effective and documented implementation
of a management system. They require companies to demonstrate that appropriate HACCP systems
have been developed and specify a number of detailed requirements related to the site and factory
environment, products, processes and personnel. The requirements are expressed in the form of criteria
that can be used for auditing, accreditation and rating of suppliers.

An essential feature of all these standards is that they provide recognised, consensual and systematic
reference for third party audits, carried out by, or on behalf of, entities outside the company structure.

3.4.2 Quality management systems

Quality systems cover organisational structure, responsibilities, procedures, processes and the resources
needed to implement comprehensive quality management. They apply to, and interact with, all phases
of a product cycle. They are intended to cover all quality elements.

A quality system is designed to ensure that all factors affecting the quality of a product will be under
control. Such control enables the reduction, elimination and, most importantly, prevention of quality
deficiencies. It is intended to perform two basic functions, quality control and quality assurance.
Quality control covers the operational techniques and activities that eliminate causes of unsatisfactory
performance and also covers the monitoring of processes. Quality assurance provides internal and
external confidence that a company or an operational process will fulfil the requirements for quality.

The ISO 9001:2008 standard specifies agreed requirements for quality management systems and serves
as a basis for third party audit (EN 45012). This standard and the guidelines on its application to the
food and drink industry (ISO 15161) provide organisations with a methodology to initiate, improve or
maintain quality management systems.

Food safety management can be developed on its own, e.g., through the ISO 22000 model. However, it
should be appreciated that, because all aspects of quality are covered by a quality management system,
it is important that food safety management should be aligned with other food safety systems and
tools. Their integration will result in a management system which is more effective and consistent than
applying either one alone.

3.4.3 Environmental management systems

Organisations may consider the ISO 14000 series of standards to develop, implement or enhance their
environmental management system. The requirements of this series of standards can be aligned with
the requirements for food safety and/or quality management systems.
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3.4.4 Total Quality Management (TQM)

TQM represents the “cultural” approach of an organisation. It is centred on quality and based on the
participation of all members of the organisation and the concept of continuous improvement. It aims
at long-term success through customer satisfaction, benefits to the members of the organisation and
benefits to society in general.

A total systems approach to food production, which embraces quality, productivity, food safety and
environmental aspects, is provided by a combination of HACCP, food safety management systems, quality
management systems, environmental management systems, TQM and business excellence. Collectively,
these tools provide a comprehensive, consistent and proactive approach to manage the main industrial
risks encompassing food safety, quality, environment, occupational safety (risk of workplace injury) and
security (risk of being subjected to criminal activities during production).

3.5 Risk analysis

Increasingly, government authorities at national and international levels are basing their decisions
regarding food safety on the principles of risk analysis. Risk analysis is a deliberate, structured and formal
approach to understand and, where necessary, reduce risk. Risk analysis consists of three components:

risk assessment, risk management and risk communication.

3.5.1 Risk assessment

Risk assessment is a scientifically based process consisting of the following steps: (i) hazard identification,
(ii) hazard characterisation, (iii) exposure assessment and (iv) risk characterisation (Codex Alimentarius
2010). Risk assessment would usually follow a statement of purpose, or problem formulation. It is a
scientific approach to estimating a risk and to understanding the factors that influence it.

(i) Hazard identification is the identification of biological, chemical and physical agents capable of
causing adverse health effects and which may be present in a particular food or group of foods. The
key to hazard identification is the availability of public health data and a preliminary estimate of the
sources, frequency and amount of the agent or agents under consideration.

(i) Hazard characterisation is the qualitative and/or quantitative evaluation of the nature of adverse
health effects associated with biological, chemical and physical agents, which may be present in
food. For biological agents, factors to be considered are the physiology and the pathogenicity and
virulence of the microorganism, the dynamics of infection and susceptibility of the host. When data
are obtainable, a dose-response assessment should be performed. A dose-response assessment
determines the relationship between the magnitude of exposure (dose) to a biological, chemical or
physical agent and the severity and/or frequency of adverse health effects (response).

(iii) Exposure assessment is the qualitative and/or quantitative evaluation of the likely intake of
biological, chemical and physical agents via food, as well as exposure from other sources if relevant.
Exposure assessment involves consideration of two important factors. The first is the frequency
or likelihood of contamination of foods by the agent under consideration and its prevalence and
concentration in those foods over time, up to the moment of consumption. The second is the pattern
of consumption of the food in question (i.e.,“dietary”information).

(iv) Riskcharacterisation is the qualitative and/or quantitative estimation, including attendant uncertainties,
of the probability of occurrence and severity of known or potential adverse health effects in a given
population based on hazard identification, exposure assessment and hazard characterisation. It provides
an estimate, qualitative and/or quantitative, of the risk. The degree of confidence in the final estimation
of risk depends on the variability, uncertainty and assumptions identified in the previous steps.
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Microbiological Risk Assessment

The risk assessment of microbiological hazards in food is usually referred to as a microbiological risk
assessment (MRA). The methodology for conducting MRAs has made significant advances over a
short time span. The Codex Alimentarius Commission has promoted the use of MRA and developed
a framework, guidelines and principles for MRA (Codex Alimentarius, 2003). In response, FAO and
WHO played a leading role in the conduct of several risk assessments and developed methodological
guidelines (FAO/WHO, 2006a). Nationally, various countries have developed MRAs suited to various
pathogens, products or processing systems.

The present trend is to favour the use of a formal structure for MRA (the “four steps paradigm” as set
forth by Codex), and to promote the use of quantitative probabilistic risk assessments. These offer the
added value of combining a formal representation of the risk generating system (through a risk model),
incorporation of variability and inference of probability of adverse outcomes. However, it should be
appreciated that a range of different approaches exist, from narrative through structured qualitative or
deterministic quantitative to probabilistic assessments. The process can be flexible and the approach
taken consistent with the scope, resources available, type of problem and specific information needed.
For instance, governmental MRAs would seek to characterise population health impacts preferably
using probabilistic food chain MRAs. Outside of public health measures, e.g., for the industry, MRA
may be product and process specific and used to characterise risk as a measure of exposure against a
threshold level of concern. Regardless the type chosen, MRA should be scientifically valid and fit for
its overall purpose, guiding decisions on food safety and facilitating the development of targeted and
effective food safety risk management strategies.

Risk assessment is now recognised as a decision-support tool in food safety management. It is a
particularly useful tool in enabling the risk manager to consider and compare risk management options
and to select control measures. Recently there has been a particular focus on the use of MRA to establish
and/or implement quantitative risk-based microbiological objectives. Together with other tools, such as
epidemiology-based tools and economic analysis, MRA can provide a sound scientific foundation for
risk-based management approaches (FAO/WHO, 2006b).

3.5.2 Risk management

Risk management is the process, distinct from risk assessment, of assessing policy alternatives in
consultation with all interested parties and, if needed, selecting and implementing appropriate
prevention and control options, including regulatory measures. Risk management combines scientific
inputs (e.g., the results of risk assessment) and other relevant factors (e.g., economics, politics, social
preferences, technical feasibility) to arrive at a decision regarding what to do about a particular risk, if
anything. Risk management can be applied to biological, chemical and physical hazards in food capable
of causing adverse health effects.

Microbiological Risk Management

Risk management of microbiological hazards in food are usually referred to as microbiological risk
management (MRM). MRM aims to ensure that the food available is safe and to improve the level
of consumer protection. During the past ten years, FAO, WHO and the Codex Alimentarius have
advocated the development of a generic MRM framework (Codex Alimentarius, 2006). The framework
includes four basic steps: preliminary risk management activities, including the development of a risk
profile; identification and selection of MRM options; implementation of MRM options; and monitoring
and review of MRM options. The MRM framework is a structured, systematic and on-going process
that uses the results of MRA and other relevant evaluations to develop effective MRM options for
implementation at appropriate steps along the food chain.
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In recent years, a number of individual countries have made significant progress in working through
this framework, recognising the added value of a “risk-based” approach as a means of enhancing the
ability of food safety management to meet its goals. Basically, a risk-based approach takes into account
the consequences to public health of the adverse effects associated with foodborne pathogens, as a
function of the probability and severity of those adverse effects. In addition to the traditional approaches
to hazard control, a risk-based approach encourages a formulation of control measures according to
the knowledge of risks to life and health, and allows control measures to be explained or evaluated in
the same terms (FAO/WHO, 2006b). Risk-based management actions are aimed at achieving a level of
health protection which can be expressed through a variety of quantitative expressions or objectives.

3.5.3 Risk communication

Risk communication is the interactive exchange of information and opinions throughout the risk
analysis process. It concerns risk, risk-related factors and risk perceptions, and involves risk assessors,
risk managers, consumers, industry, the academic community and other interested parties. It should
include the explanation of risk assessment findings and the basis for risk management decisions. Risk
communication is a socio-deliberative process, aiming at promoting dialogue, mutual understanding
and negotiation. It is applicable to biological, chemical and physical hazards in food. It is universally
recognised that effective communication is critical to the entire risk management process, and essential
for engendering trust in risk management decisions. In spite of a number of studies and publications
and several commendable initiatives in a number of countries, risk communication is still frequently
underutilised.

3.6 Objectives for implementation

As described in the section above, risk analysis is primarily the prerogative of government authorities.
However, the process can be difficult as governments frequently do not have access to all the data,
particularly those considered commercially sensitive, e.g., melamine levels in infant formula. With regard
to microbiological food safety, the formal approach to risk analysis is increasingly playing an important
role in the determination of the level of consumer protection that a government considers necessary
and achievable. This can be expressed in the form of public health goals or, in the context of the SPS
agreement, as the“Appropriate Level Of Protection” (ALOP). Public health goals are set to inspire action
to improve the public health status and reduce the disease burden. The setting of such goals requires
consideration of the current health status or disease burden, and of the feasibility of the goals, in terms
of how to achieve the goals and how to measure the degree of achievement (FAO/WHO, 2006b). In the
context of the SPS agreement, the ALOP is an expression of the level of protection in relation to food
safety that is currently achieved in a country either for in-country use (i.e., in manufacturing within the
country) or for imports. In addition, exported food should meet the food safety standards that have been
established by the importing country to meet their own ALOP. The ALOP may be general or specific,
and expressed in different forms, e.g., in terms of risk (expression of the probability of the adverse effects
of concern) or in terms of the number of cases of a disease per 100,000 population.

For practical implementation in specific sectors of the food chain, it is the responsibility of government
authorities to translate the expected level of protection into quantitative objectives for practical
implementation. These incorporate a risk-based approach and establish an explicit link to public health
(a level of risk or risk reduction). They inform food operators concerned about the level of performance
that should be achieved, thus allowing them to make decisions on the most appropriate control
measures and their implementation. Codex’s risk-based objectives encompass Food Safety Objectives,
Performance Objectives and Performance Criteria (Codex Alimentarius, 2010).

A Food Safety Objective (FSO) is the maximum frequency and/or concentration of a hazard in a food
at the time of consumption that provides or contributes to the ALOP.
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A Performance Obijective (PO) is the maximum frequency and/or concentration of a hazard in a food
at a specified step in the food chain before the time of consumption that provides or contributes to the
appropriate level of protection or to an FSO or ALOF, as applicable.

A Performance Criterion (PC) is the effect on the frequency and/or concentration of a hazard in a food
that must be achieved by the application of one or more control measures to provide or contribute to
a PO or an FSO.

FSO is a useful concept that allows risk managers to describe the overall stringency of a food safety
system, considering the food chain as an integrated whole, including consideration of how consumers
handle products. Nevertheless, PO and PC may find wider utility as risk-based targets, because they
can be used at different points in the food chain where control and verification are possible, something
that is not the case for FSO (FAO/WHO, 2006b).

Risk-based objectives, as defined by government authorities, are not designed to be actively and
systematically controlled and verified in every case they are used. Rather, they should be used to derive
appropriate operational standards, which can be controlled and verified, e.g., product and process
criteria, such as critical limits in the HACCP system, or microbiological criteria (ILSI Europe, 2004;
Stringer, 2005). Government objectives are the minimum objectives on which food operators base their
own approach, as illustrated in Figure 3. The government’s objectives may be adopted as such in the
form of a company’s food safety requirements, including performance criteria, product criteria and
process criteria, as appropriate.

Alternatively, depending on commercial factors, a company may wish to establish more demanding
food safety requirements. Food safety requirements provide input to the food safety programme. They
direct product and process planning, design and implementation of GMP, GHE, HACCP, food safety
and quality management systems with the aim of fulfilling the food safety requirements.

3.7 Other tools

Other tools of a more specialised nature may have application in areas of food safety management.
These include in particular
e Other Safety and Quality assurance tools:
— Hazard analysis and operability studies (HAZOP)
— Cause-and-effect diagram (fishbone or Ishikawa diagram)
— Event tree analysis
—  Fault tree analysis
— Failure mode and effect analysis (FMEA)
® Predictive microbiology tools:
— Predictive mathematical modelling (process modelling, microbial growth, death or survival,
etc.), such as:
— The Pathogen Modelling Programme (http://ars.usda.gov), which is a tool for estimating the
effects of multiple variables on the growth or survival of foodborne pathogens
— The ComBase initiative, which includes a database on microbial response to food environments
supplemented by a number of predictive models (http://www.combase.cc)
® Decision analysis tools:
— These include commercial computer software programmes aimed at performing risk analysis,
Monte Carlo simulation, sensitivity analysis, creating decision trees and influence diagrams,
fitting data to distributions and solving optimisation problems.
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Figure 3: Interaction between the government’s and a company’s food safety activities

with respect to microbiological hazards in food
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4. SUMMARY AND CONCLUSIONS

S everal tools for the management of food safety, which together form an integrated
approach, are described in this report. The primary focus remains on microbiological

food safety management, but the general principles are also applicable to the
management of chemical food safety.

The basis for the general hygienic requirements for any operation is Good Manufacturing Practice
(GMP), including Good Hygienic Practice (GHP). The product- and process-specific requirements are
established by applying the HACCP system. Other tools described encompass the use of a food safety
management system based on recognised standards and use of a quality system as a means of effectively
managing total product quality. It should be recognised that the control procedures established in an
HACCP plan fit well into such management systems and can be readily incorporated. Total Quality
Management (TQM) embraces quality, productivity, safety and environment. It can be thought of as a
means of generating greater commitment from all members of an organisation in order to achieve these
aims, and will provide added confidence that products will conform to safety needs.

This document also considers the interrelationship between risk analysis (i.e., risk assessment, risk
management and risk communication) as carried out by regulatory authorities and the food safety
management programmes of companies involved in the production, sale and handling of food. This
then leads to the expression of an appropriate level of protection and definition of appropriate objectives
to ensure safe food, which should then be used by companies to establish their own requirements.

21

STOOL INAWIDVNVYW AL3IdVS dOO



FOOD SAFETY MANAGEMENT TOOLS

5. DEFINITIONS AND GLOSSARY

Internationally agreed definitions of food safety related terms, of HACCP-related terms and of risk analysis
terms related to food safety can be found in the following Codex documents:

e Codex Alimentarius Commission, Procedural Manual, (Codex Alimentarius, 2010).

® Guidelines for the application of the HACCP system.

¢ Principles for the application of microbiological criteria for foods.

¢ Principles and guidelines for the conduct of microbiological risk assessment.

All documents are available on-line on the Codex website: http://www.codexalimentarius.com. The terms
used in the field of quality management (marked as * below) are defined in the International Standard
ISO 8402.

The following terms have been extracted from those documents.

Appropriate level of protection (ALOP) —The SPS Agreement defines the appropriate level of sanitary
or phytosanitary protection as the level of protection deemed appropriate by the Member establishing
a sanitary or phytosanitary measure to protect human, animal or plant life or health within its territory.
This concept is also referred to as the acceptable level of risk.

Dose-response assessment — The determination of the relationship between the magnitude of exposure
(dose) to a biological, chemical or physical agent and the severity or frequency of associated adverse
health effects (response).

Exposure assessment — The qualitative and quantitative evaluation of the likely intake of biological,
chemical and physical agents via food as well as exposures from other sources, if relevant.

Food safety objective -The maximum frequency or concentration of a hazard in a food at the time of
consumption that provides or contributes to the appropriate level of protection (ALOP).

Hazard — A biological, chemical or physical agent in, or condition of, food, with the potential to cause an
adverse health effect.

Hazard characterisation —The qualitative and quantitative evaluation of the nature of the adverse health
effects associated with biological, chemical and physical agents, which may be present in food. For
chemical agents, a dose response assessment should be performed. For biological or physical agents, a
dose-response assessment should be performed if the data are obtainable.

Hazard identification — The identification of biological, chemical and physical agents capable of causing
adverse health effects which may be present in a particular food or group of foods.

Quality (*) — The totality of characteristics of an entity that bear on its ability to satisfy stated or implied
needs.

Quality assurance (*) — All the planned and systematic activities implemented within the quality system,
and demonstrated as needed, to provide adequate confidence that an entity will fulfil requirements for

quality.

Quality control (*) — The operational techniques and activities used to fulfil requirements for quality.
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Quality management (*) — All activities of the overall management function that determine the quality
policy, objectives and responsibilities, and that implement them by means such as quality planning,
quality control, quality assurance and quality improvement within the quality system.

Quality system (*) — The organisational structure, procedures, processes and resources needed to
implement quality management.

Risk — A function of the probability of an adverse health effect and the severity of that effect consequential
to a hazard(s) in food.

Risk analysis — A process consisting of three components: risk assessment, risk management and risk

communication.

Risk assessment — A scientifically based process consisting of the following steps: (i) hazard identification,
(ii) hazard characterisation, (iii) exposure assessment and (iv) risk characterisation.

Risk characterisation —The qualitative and/or quantitative estimation, including attendant uncertainties,
of the probability of occurrence and severity of known or potential adverse health effects in a given
population based on hazard identification, hazard characterisation and exposure assessment.

Risk communication — The interactive exchange of information and opinions throughout the risk
analysis process concerning risk, risk-related factors and risk perceptions, among risk assessors, risk
managers, consumers, industry, the academic community and other interested parties, including the
explanation of risk assessment findings and the basis of risk management decisions.

Risk management — The process, distinct from risk assessment, of weighing policy alternatives, in
consultation with all interested parties, considering risk assessment and other factors relevant for the
health protection of the consumers and for the promotion of fair trade practices, and if needed, selecting
and implementing appropriate prevention and control options, including regulatory measures.

Safety policy — The overall intentions and direction of an organisation with regard to safety as formally
expressed by top management (by analogy with quality policy(*¥)).

SPS — Agreement on the Application of Sanitary and Phytosanitary Measures.
Total quality management — An organisation’s management approach centred on quality, based on the

participation of all its members and aimed at long-term success through customer satisfaction and
benefits to the members of the organisation and to society.
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Global Food Safety Initiative: http://www.mygfsi.com/
UMFDA-University of Maryland Clearinghouse: http://www.foodriskclearinghouse.umd.edu
Completed risk assessments:
— Risk assessment completed by FAO/WHO:
http://www.fao.org/ag/agn/jemra/riskassessment_en.stm
— Inventory of quantitative microbiological risk assessments studies in Europe:
http://www.cost920.com/00020.html
— Risk assessments for all hazards and commodities:
http://'www.foodriskclearinghouse.umd.edu/risk_assessment.cfm

International Portal on Food Safety, Animal and Plant Health: http://www.ipfsaph.org

SPS measures at the World Trade Organization: http://www.wto.org/english/tratop_e/sps_e/sps_e.htm
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