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Why focus on food chain integrity? Throughout the world, consumers expect safe

food. However, on an ongoing basis, food safety issues arise, many of which have

an international dimension, for example the 2010 listeriosis outbreak in Austria/

Germany/Czech Republic, and the 2009 Salmonella outbreak in Ireland/England/

Denmark. Increasingly, food chains are becoming global in their scope; and food

chain integrity, which not only includes safety concerns but also origin fraud and

quality, has become a central concern to the food industry and regulatory

agencies everywhere. After the BSE scare in England in the late 1990s, the EU

came under pressure to fund research into complete traceability systems along the

food and feed chain with the objective of increasing consumer confidence. This

called for ways to ensure that products can be linked to their source, while also

protecting products of declared origin; and ways to trace genetically modified

organisms, and other products or contaminants, based on recent biotechnology

developments, from raw material origin to purchased food product. As a result,

the EU, through the Sixth EC Framework Programme (2002±2006), has funded a

significant amount of cooperative research in food chain integrity and traceability

under Priority Area 5 of the programme. Traceability was one of eight distinct

areas of Priority 5, resulting in over 14 different research projects, and a total

research budget of more than ¨140 million. The projects involved up to 400

different participating institutes across 30 countries, and for EU trade reasons had

significant international partnerships from around the world, including South

America, Australia/New Zealand, the Far East, Russia and South Africa. In

addition, there was a high industrial and SME participation from both within and

from outside the EU.With many of the projects completed or nearing completion,

much of this work is now coming to fruition. The background for this book is a

joint effort by the coordinators of these research projects in the area of food chain
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integrity to distil the main outcomes of the projects into a single collective

publication. As part of a need to improve the dissemination of finished EU

research projects, the European Commission facilitated this initiative through

several meetings in Brussels with the project coordinators between 2009 and

2010 and decided to support a conference in 2011. The present book is to be

published in connection with the conference and is intended to give a broad

overview of the different technical and procedural aspects of food chain integrity.

The overall objective of the funded food chain integrity research was to

increase consumer confidence in the food supply chain by strengthening

technologies needed to ensure complete traceability, transparency and safety

along the entire food and animal feed chains. The technologies investigated link

products to their source, or declared origin, and facilitate detection of trace

contamination or substances present, such as bacteria, toxins, or genetically

modified organisms, from the raw material origin to the consumed food product.

A wide number of food sectors were covered, from beef, fish, water, olive oil,

to different food formats: fresh, chilled, or farm livestock. Accordingly, a wide

range of technologies have been investigated from sophisticated electronic

sensors, navigation systems and software, to an extensive range of genomic

molecular diagnostics and complex mathematical models. New products such as

decision support tools, time±temperature indicators, tracking devices, pathogen

detection methods, etc., have been developed. These are now at various stages of

implementation, through the participation of industry and SMEs.

Scale of production is an important consideration in food chain integrity, as in

many cases the technological solutions for large-scale processes may not be

transferable to small- or medium-scale production. The research actions funded by

the EU are now generally near completion and have generated a huge amount of

data, results, and actual technologies. A single collective publication, as is

represented in this volume, summarises the true scale of the advances that have

been made in this area, and the excellent possibilities for technology transfer that

exist. This publication has extensive cross referencing, where appropriate, to

parallel publications and outcomes that have been generated by the individual

funded projects. The book is, by its cross-disciplinary approach, a highly valuable

resource for food industry practitioners, food regulators, academics and students

active in the application and development of food chain integrity solutions.

As Commissioner responsible for European Research and Innovation, I am

particularly happy to see that such a fruitful collaboration has resulted from such

extensive cross project framework programme collaboration. This book is a

timely and useful distillation of the achievements that have been made in

protecting our food over the past decade. In addition it represents an important

benchmark for both the food industry and for the consumer towards regaining

full confidence in the food chain.

MaÂire Geoghegan-Quinn

European Commission

Directorate E ± DG R&I
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1.1 Introduction

Traceability in food chains is `the ability to trace and follow a food, feed, food-

producing animal or substance intended to be, or expected to be incorporated

into a food or feed, through all stages of production, processing and distribution'

(Regulation EC no. 178/2002). It also entails the `ability to trace the history,

application or location of an entity, by means of recorded identification' (Moe,

1998). Traceability systems support processes through which information on

food origins, attributes and processing technologies is gathered and made

1

The role of service orientation in future
web-based food traceability systems
V. Morreale and M. Puccio, Engineering Ingegneria Informatica
S.p.A, Italy, N. Maiden, City University London, UK, J. Molina,
AINIA Technological Centre, Spain and F. Rosines Garcia, Atos
Origin SAE, Spain

Abstract: This chapter discusses the influences of the next wave of Internet
and service orientation on the development of food traceability systems. In
particular, it is argued that future food traceability systems should be
implemented on the Web as an integration of both existing and new services.
An enabler for such a development is a service-oriented reference
architecture, which provides a specification for a future traceability
management system. The adoption and integration of devices for
identification, food analysis, etc., are also discussed in the context of the
Internet of `Things'. Finally two case histories of the successful
implementation of the approach discussed in the chapter are presented.

Key words: future Internet, service-orientation, reference architecture,
Internet of things, traceability systems.
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available throughout a supply chain. Generally speaking, they are data recording

and management systems designed to track forwards as well as trace backwards,

following not only product flows (or `items' as an abstract concept), but also

product `attributes'. Traceability contributes to the demonstration of the trans-

parency of the supply chain through the use of verifiable records and labelling.

The purpose of a traceability system is to prevent the introduction of an

unwanted agent (e.g. a pathogen) to the food chain. Should this occur, though, a

system can reduce the magnitude and impact of such an incident by facilitating

the identification of the product(s) and/or batches affected and by allowing the

parties involved to specify what has occurred, determine when and where the

lapse in food integrity took place in the supply chain, and indicate who is

responsible. Traceability operations can range in scale from internal systems

organized by individual companies (in-house traceability) to systems enabling

interrelated and complete traceability in the whole supply chain (chain

traceability). The speed of response and the reliability of information are key

aspects of any solution to traceability. Efforts to improve these lead to a move

from paper-based traceability to ICT-enabled and ICT-supported traceability.

From the ICT point of view, the traceability problem is simple and complex

at the same time. Indeed, while the issues to resolve are generally understood ±

products must be tracked and traced during a specific part of their life cycle ±

normally this goal has to be pursued in very complex and heterogeneous

situations and contexts. In other words, users can have different, party-specific,

and sometimes conflicting requirements, needs and goals and different circum-

stances present distinct constraints, for example in the use of particular

technologies. Companies within the same supply chain manage traceability in

different ways according to sector-specific legal requirements, company quality

management policies, predefined target markets and so on. Moreover the level

of process automation and adoption of ICT can be very different within the same

supply chain: from paper-based systems to very advanced ICT solutions

integrating traceability with production and logistics processes. As a con-

sequence, a system for supply-chain-level traceability should be appropriate for

a very complex environment, in which the ICT systems, among other

components, are heterogeneous.

New technologies are invented and become popular in the software industry

each year, and sometimes even faster. Therefore, people have to switch to these

new technologies quite quickly. As a consequence, previous technologies lose

value and may even become worthless. Yet, the situation is even more complex

than this, because the technologies themselves change and are available in

different versions, without a guarantee that they are backwards compatible.

Moreover, software systems rarely exist in isolation: they need to interoperate

with new systems built using innovative technologies. Even when systems are

completely built from scratch, they often span multiple technologies, sometimes

both old and new. Also, the Internet and the Web offer so many opportunities,

services, and information that traceability processes and operations could benefit

from and should exploit.

4 Food chain integrity
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Thus, in this era of the Internet, and due to all the above-mentioned techno-

logical issues, a modern approach to traceability should be adopted. Stand-alone

or client-server traceability systems must be considered the past. Instead, novel

operational and business models based on the Web, service-orientation, social

networks, knowledge sharing and creation should be considered the foundations

for the traceability systems of the present as well as those of the near future. As

individuals, we are users of the evolving Internet; why should we not seek to

bring our businesses with us?

1.1.1 Future Internet

The Internet is nowadays the most common `highway' for data, information,

knowledge, and experience exchanges all over the world. These exchanges

enable a wide range of applications, services, and scenarios. The concept of

`computer networks', dating from the 1970s, only took into account fixed

networked computing machines. The modern concept of `networks' involves all

devices endowed with (autonomous) information processing capabilities.

Common examples of such devices are personal mobile devices (smart phones,

tablets, etc.), but potentially any addressable device or sensor can play a part.

Societies and cultures are becoming digital, and enterprises and businesses

should be moving towards more internetworked approaches.

Since its beginning, the Internet has evolved from `sharing' in (Web or Web

1.0) to `contribution' in Web 2.0 (user-generated content). The next development

is Web 3.0, the age of `co-creation' (collaborative production of information and

services). The evolution of the Internet and the move towards Web 3.0 has been

supported by the convergence of telephony, video/TV and other multimedia

content, all now delivered via the Internet (Papadimitriou, 2009). One thing is

sure: the Internet is going to grow, evolve and impact all kinds of human activity.

It will become the one common, global and `ubiquitously' accessible infra-

structure for exchanging (and creating) human knowledge, culture, and services,

supporting mobility, businesses, economies, processes and our social lives. This

evolution will be supported by innovative business models that are emerging (and

may emerge in the future), which enable entities (including businesses and

individuals) to provide and exploit services on the Future Internet (FI).

The main pillars of this FI are:

· Internet by and for people. The FI will support and facilitate everyday life. It

will continuously empower through free exchange of ideas, virtual

communities, and social networks.

· Internet of contents and knowledge. The FI will not just enable access to

information and content. It will `intelligently' support intellectual activities

such as thinking, learning, reasoning and recollection.

· Internet of things. Today, devices such as computers, printers, actuators and

mobile phones are connected to the Internet, but in the FI, any object around

us, anywhere, at any time, will connect, creating a `universally addressable

continuum'.
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· Internet of services. Loosely coupled entities will provide services such as

resources, data or software that could be exploited and composed.

Therefore, what is the (near) future of traceability systems? Will current

approaches still be appropriate? Of course, they will not.

1.2 The need for a novel approach to food traceability

Universal traceability systems for any product, any food chain and any company

cannot exist, due to the great heterogeneity of specific situations, supply chains,

products, food industry players and their needs. Instead, specialized traceability

information systems and services have to exist and usually need to be

customized to meet specific requirements and to provide the necessary level of

flexibility (e.g. to cope with changes in processes and procedures). Most current

systems do not support and integrate objective and reliable acquisition and

analysis of information about product origin and features. Moreover most of

them are for single companies, while it is well understood that food traceability

should be managed at the level of entire supply chains. Finally many companies

are still managing traceability issues and processes manually, without the

support of ICT.

The above considerations lead to the following needs and/or opportunities:

· to manage traceability at the level of supply chains;

· to make existing (and heterogeneous) traceability information systems

interoperable between one another and with new services;

· to set up ICT-based traceability in many food companies that still manage

traceability by paper-based approaches;

· flexibility and adaptability in managing traceability (and other processes)

within food companies: changes should not always lead to new software

development;

· to provide low-cost and open solutions, which are easy to deploy, use,

configure and update;

· to exploit innovative (micro-)devices and technologies for objective analysis

of food (and potentially exploiting any `thing' that provides (traceability)

information);

· (valued-added) services that use traceability information as a foundation

(e.g. management of food quality and safety, statistics, monitoring,

certificates, etc.);

· to preserve existing assets (i.e. tools, procedures, processes, systems, etc.) as

much as possible;

· to exploit the Internet and the Web as resources providing relevant (and

updated) services, information and knowledge, etc.

It should be understood that traceability systems are not only ICT systems.

They are socio-technical systems which involve a reciprocal interrelationship

between humans and machines. Both parties are engaged in goal-directed

6 Food chain integrity
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behaviour with the aim of creating the conditions for successful performance of

an organization (i.e. a company, supply chain, society, etc.). Therefore,

technologies alone are insufficient to bring about the desired conditions for

integrated and reliable traceability: other changes are needed in the social

conditions of the food chain. The reciprocal interrelationships between humans

and machines in that environment are complex: the food chain needs to be

modelled and analysed as a socio-technical system.

The list of needs and opportunities for traceability systems above was further

analysed and elaborated in the TRACEBACK project. TRACEBACK is an

integrated project supported by the European FP6 with the aim to create an

integrated set of tools to develop European traceability systems for entire food

supply chains, from the field to the shelf (www.traceback-ip.eu). The aim was to

define a coherent set of more specific requirements and goals for a reliable and

flexible approach to food traceability (Lockerbie et al., 2008).

The wide range of stakeholder groups in the food chain have different

priorities. Clearly, all players in the production of food have a major stake in

improved traceability. The other key stakeholder groups are consumers,

authorities, third-party certifiers and owners of related legacy systems, which

are `computer systems or application programs that continue to be used because

of the prohibitive cost of replacing or redesigning them, despite their poor

competitiveness and compatibility with modern equivalents' (Dennis Howe,

Free Online dictionary of computing, http://foldoc.org). These are typically

invaluable assets with embedded business logic representing years of

developments, enhancements, and modifications. Consumers want to obtain

information about a product easily and they want the information they procure to

be relevant. Authorities need to see information relating to a product when a

food crisis occurs, or when suspicion is raised about a product. Third-party

certifiers provide certification for standards compliance and need to check

information about a product. Owners of related legacy systems want to provide

information to and receive information from more modern traceability solutions.

More specifically, players in the food chain need to be able to:

· obtain information about the history and quality of the product, its origin and

journey through the food chain. This could include, for example details of

tests undertaken, storage temperatures, processing conditions, ingredients and

additives used;

· obtain information about the current status of a product, such as its current

location and current temperature;

· process product information to obtain the information needed to make

informed business decisions;

· generate alerts warning of problems with products, such as contamination,

temperature abuse and exceeded limits, as soon as they are discovered;

· generate and manage action plans that respond to serious alerts. These would

include the information needed to recall the product, identify the cause,

handle the problem and notify other partners in the food chain.

The role of service orientation in web-based food traceability systems 7
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All the above requirements and needs cannot be met only by `configuring' or

`customizing' a general-purpose (or universal) solution to food traceability.

What is really needed is a paradigm shift, i.e. a move from software develop-

ment, configuration, and customization to service integration (SI) and service-

oriented architectures (SOAs). Many systems and services for SI and SOAs are

already available, though some of them are generic and not specifically for

traceability. Could Google Maps be useful for traceability? Could reliable and

certified data storage services (external to food companies) be more appropriate

for the management of traceability information? Could business intelligence

benefit traceability? Of course, they could, although most of these services are

not natively interoperable. They need to evolve to be part of the Internet of

services, where functionalities, systems, facilities, information and processes are

available as web services in the context of SOAs.

1.3 Service-oriented architectures (SOAs) for traceability

Web services are a new breed of web application that users access via the

Internet through well-defined interfaces independent of where the service is

executed. They are self-contained, self-describing, modular applications that can

be published, discovered, and invoked across the Internet by multiple service

consumers. At its simplest, a web service is a piece of software that performs

one or more operations, such as locate an address or compute the time to arrive.

According to the World Wide Web Consortium (W3C, 2004), each web service

needs to have an interface described in a machine-processable format. Other

systems interact with the service in a manner prescribed by its description using

messages structured according to different web standards. Furthermore services

that are heterogeneous and run on different architectures and platforms can still

communicate independent of language or platform. The result is that businesses

can invoke services directly over the Internet to reuse successful software

without needing to purchase and install it locally.

Service-centric systems integrate web services from different providers

seamlessly into applications that discover, compose and monitor these services.

Each implemented configuration of web services is called a SOA. A typical

SOA consists of three different entities ± the service provider, the service

consumer and the service broker. The service provider offers services that

consumers can invoke when they need to. To enable this to happen it develops

descriptions of these services and publishes them via a service broker that is

most often a registry of all available services. The service consumer wants to

consume services to complete processes and tasks with the help of one or more

services. To discover and select the right services, the service consumer makes

requests to a service broker. When an adequate service is discovered, the service

consumer uses the information from the service broker to invoke the services.

SOAs offer a number of major advantages over more traditional techniques

with which to implement software applications. The most obvious advantage is
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that services facilitate the reuse of popular and useful software more effectively

± an organization can invoke a web service offered by a third-party service

provider much more simply and easily than integrated software components into

their local systems architectures. As a result service-based applications can be

simpler. SOAs that are based on industry standards can also reduce the

complexity of software when compared with integrating systems on a solution-

by-solution basis. This standardization also leads to lower integration costs.

They enable future applications to mesh seamlessly with existing standards-

based services. Because of the standard interfaces that exist, applications are

potentially easier and hence cheaper to maintain, which in turn frees up valuable

technical staff for other more strategic work. The resulting applications can also

be more flexible: the standardization of interfaces means that new services can,

in principle, be discovered, invoked and replaced without much need to change

the application code.

Solutions for the integration of heterogeneous systems based on different

technical architectures and platforms are especially necessary when interaction

with legacy systems (both within businesses and between different businesses) is

required. In the context of traceability processes, existing IT legacy systems are

a core asset for many organizations, as they usually manage the necessary

traceability information. Therefore these systems need to be able to interact with

other applications, systems, and services, regardless of their underlying

technologies and data formats. In order to simplify this interaction and avoid

implementing ad-hoc system interfaces, the `legacy wrapping/service enable-

ment' approach (i.e. exposing existing functionality through the use of wrapping

and web services interfaces) can be adopted as part of the SOA development/

deployment process. This is a non-invasive technique, which can reduce

integration costs and incrementally re-engineer and transfer legacy components

to a new platform without any replacement of the system (Erradi et al., 2006).

Developing a reference model of services for traceability (which includes

conditions such as what functions/operations the service has to provide or what

data it has to share) could provide a common starting point for the development and

deployment of service-oriented traceability systems. These systems would be able

to exploit new and existing services with the aim of meeting the above-mentioned

requirements as well as supply chain and company-specific needs. Going further

than this, though, what is really needed is a specification for a traceability `service

network', together with a model of a set of tools that can easily and effectively

exploit it. The service-oriented reference architecture for traceability described and

discussed in the following sections aims to fulfil this need.

1.4 A service-oriented reference architecture for traceability

A novel approach to flexible traceability in the context of the Future Internet and

service networks has been developed recently (http://is.eng.it/ratis). It relies on

service-oriented Reference Architecture for Traceability Information
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Systems (RATIS). A reference architecture is a coordinated set of specifications

that defines `the infrastructure common to several end systems and the interfaces

of components that will be included in the end systems' (from W3C glossary,

http://www.w3.org/TR/ws-gloss). A set of software tools and libraries for the

development of systems according to the specifications of the RATIS has also

been developed. This is called the RATIS Framework. Additional technical

guidelines and design patterns to develop traceability information systems

according to the RATIS and fully exploit the facilities offered by the RATIS

Framework have also been developed.

The RATIS is defined according to a traceability reference model (TRM) and

a set of recommended standards. The TRM defines the traceability problem

domain, considering what elements/ideas are meaningful, relevant, appropriate,

useful when solving that problem. It is an abstract model for understanding

significant relationships among entities in the traceability environment; a

minimal set of unifying concepts, axioms, constraints and relationships within a

particular problem domain. The reference architecture is an abstract solution to

the problems identified in the reference model. It defines the basis of classes of

solutions, according to the reference model and general requirements

(MacKenzie et al., 2006). While the TRM is independent of specific

technologies, implementations, and other concrete issues, the RATIS relies on

and supports some technologies. Concrete (i.e. actual, real-world) architectures

of actual traceability systems are specific solutions and describe how things

actually work. Therefore, they solve the problems defined in the reference

model, starting from and using the reference architectures, by adapting,

specializing, and (if needed) extending it for the needs and purposes of specific

contexts and situations. The following subsections provide a brief description of

the key elements of the discussed approach, i.e. TRM, RATIS Specifications and

Framework.

1.4.1 Traceability reference model (TRM)

A reference model can be used to organize concepts in a coherent framework.

The TRM defines all the factors that contribute to the goal of guaranteeing

traceability along food chains according to some agreed objectives. It also

supports possibilities for wider application of the traceability concept, through

the ability to trace new data dimensions or `data levels', mainly relating to food

quality and food safety. It was built on the basis of extensive research carried out

in several food chains stretching from Turkey to Italy and from Spain to

Germany, Poland, the United Kingdom and Finland. Fresh and processed

tomatoes and dairy products (from animal feed to final product) were the sectors

studied.

The TRM establishes the structure and necessary rules to adequately manage

the generation of data that is produced or that should be produced in the

interaction of the binomial `Item-Process', the gathering of such data and their

record to assure traceability along the food chain.
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1.4.2 The Reference Architecture for Traceability Information Systems

(RATIS)

The RATIS is a coordinated set of specifications on:

· external services: what services a company traceability information system is

supposed to both expose and provide so as to implement traceability at the

level of the entire supply chain;

· internal services: what services a company traceability information system is

supposed to require from other internal information systems already owned

by food players and exposed to them;

· third-party services: what new services (logically external to food players)

are needed to manage and implement traceability at the level of the entire

supply chain. Examples of such services are those associated with security,

data storage, data analysis and processing. Within a service-oriented

economy, these can be offered by third-party service providers, preventing

the need for food companies to implement them, and saving resources (the

costs of using these services should be less than the costs of developing and

managing them).

The abstraction of `service' is used here to define the basic building blocks of

traceability information systems both at the level of single party and at the level

of entire supply chains. It is worth mentioning that the notion of service focuses

on what benefits, added-value, functionalities are offered, rather than how this is

internally achieved and implemented. Therefore the RATIS, as a service-

oriented reference architecture, complies with this approach, by defining what is

expected from the services, rather than how they must be implemented. Then

specifications of services need to be implemented in order to be `really'

available and exploitable. Several implementations of the same service specifi-

cation might be possible. Indeed this is largely desired in a service economy: the

aim is to create a service ecosystem in which new implementations of services

with better performance, quality, or lower price might replace old ones.

A key element of the RATIS is that the physical flow of goods is

complemented and supported by a parallel flow of interactions among several

services distributed over the Web. As a result, information relevant for

traceability might be distributed along the supply chain (i.e. the current and

complete record of information about traceability of a given set of traceable

units could consist of several pieces), even though the model also supports a

central repository common to one or more supply chains. Thus, traceability

processes and procedures involve distributed systems providing and requesting

RATIS-based services and actions built and performed by people from different

companies. According to this approach and model, services might be physically

hosted and provided by traceability systems internal to food companies or by

some external service providers that also guarantee management, integrity of

data, security, backup and all qualities specified by given service level agree-

ments (SLAs). With the aim of supporting the concept that `the Web is the

reference operating system for traceability information systems and services', on

The role of service orientation in web-based food traceability systems 11
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top of such a network of services, several web applications, mainly fulfilling

specific requirements, can be developed and made available to end users (e.g.

food players, end consumers, other stakeholders, etc.).

The RATIS' services are specified by Unified Modelling Language (UML)

models and the model elements (e.g. entities, services, concepts, interactions,

processes) are further documented by additional descriptions in both formal and

informal/textual languages. Thus the RATIS' specifications are provided at the

three model-driven architecture (MDA) (Kleppe et al., 2003) levels, i.e.

Computation-Independent Model (CIM), Platform-Independent Model (PIM),

and Platform-Specific Model (PSM), and focus on both services providing

functionalities and information used by services (see Fig. 1.1).

The relationship between services and information is represented by a UML

dependency, which means that `the services are dependent on the information, as

they are supposed to manage, to create, to exchange, to destroy, to store it'. The

information models and their entities might be reused by several services.

Moreover, while information models are mainly representations of static and

structural entities, service models are supposed to represent the behavioural

facets of systems and their components.

The RATIS specifications are organized as follows:

· RATIS Business Service Specifications (BSS) ± the CIM of the RATIS. These

include business services, identified and defined on the basis of the users'

traceability system requirements (in terms of families of functionalities).

They represent the solutions users desire to fulfil their requirements, goals,

and needs. In the RATIS, business services are represented by UML package

diagrams, in order to highlight the dependencies between them. They are

described in more details using the RATIS Business Service Description.

Business services are supposed to rely on and use the entities described in the

RATIS domain model, a visual glossary of concepts, objects, elements that

are relevant for traceability and the business services under consideration.

They are represented by class diagrams, where the classes represent the

domain entities.

· RATIS Logical Service Specifications (LSS) are the core of the RATIS, as they

are supposed to represent services independent from the adopted platform and

technologies. The LSS are supposed to be the RATIS' PIM, where services

result from a mapping/transformation of the business services defined in BSS.

Logical services are represented by classes in UML class diagrams, where

classes are the services and operations are the functionalities offered by those

services. The services are further described by the Logical Service

Description, in which their semantics and functionalities are specified and

documented in detail. Logical services are supposed to rely on and use entities

described in the logical information model, which represents the detailed

specification of the classes of objects that services are supposed to exchange.

· RATIS Web Service Specifications (WSS), which are the platform specific

models of services, in which a technology has been chosen, i.e. web services.
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Fig. 1.1 RATIS service models.
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Thus, in this layer, logical services are mapped/transformed into web services

and represented as such. WSS includes an information model, which is the

actual structure of data exchanged by web services during their interactions

(i.e. data transfer objects ± DTO).

RATIS WSS can be automatically transformed into service descriptions

(specific for the adopted technology, i.e. web services) represented by Web

Service Description Language (WSDL) and XML Schemas, from which can be

easily generated part of the source code to implement or invoke such services (in

many programming languages, e.g. Java, C#, and so forth). Finally, complex

web services defined as compositions of web services can be partially

automatically transformed into business process descriptions (represented in

Business Process Execution Language ± BPEL) that can be processed by process

enactment systems.

It should be noted that business services are more than requirements: they are

a set of abstract solutions that are supposed to fulfil requirements. Some business

services are mapped/transformed into more than one logical service, while more

than one business service can also be mapped into one logical service.

This reference architecture approach supports change and/or adaptation of

the configuration and the behaviour of services developed in the following

ways: by replacing old services with new ones (e.g. those have higher

performance, are of better quality or are cheaper, etc.), by indicating where to

install and deploy services and which is the best way to access them, and so

forth. Moreover, the composition of services is the best way to create new

value-added services, providing higher-level functionalities, with high quality

and performance, etc.

1.4.3 The RATIS Framework

The idea underlying the RATIS Framework is to help software developers of

concrete (i.e. real-world) traceability architectures to easily develop timely new

implementations by using and reusing the facilities and ideas provided by the

RATIS. The Framework includes the following elements:

· a runtime infrastructure where services can be deployed and executed. Some

parts of this infrastructure have been developed by third parties under some

Open Source licenses and were included and integrated within the

Framework;

· implementation of some services defined within the RATIS, such as storage

of information about external traceability, supply chain configurations, and so

forth;

· implementation of some general services defined within the RATIS (e.g.

authentication, authorization, storage, data analysis, etc.);

· implementation of some web-based user interfaces and applications that can

be reused in many contexts and situations, such as reception or dispatch of

goods;
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· Application Programming Interfaces (APIs) supporting, making easier and

quickening the development of new implementations of RATIS services and

the supported applications.

The RATIS framework supports the development of traceability information

systems as a service integration task. It aims to enable users to exploit and reuse

new or existing (and useful) services to meet specific (and emerging in the

future) needs, constraints, opportunities, configurations and goals. If a given

component, system, subsystem, or device can provide one or more services

defined in the RATIS, it can be part of the developed traceability systems as

long as it is able to fulfil what the RATIS specifies, in terms of interfaces,

protocols, manageability, and quality. The Framework helps bridge this gap.

1.5 The Internet of `things' for traceability

Automatic identification and data capture (AIDC) refers to methods to auto-

matically identify objects, collect data about them, and enter that data directly

into computer systems without human involvement. Technologies typically

considered part of AIDC include barcodes, radio frequency identification

(RFID), optical character recognition (OCR), smart cards, and voice recognition.

AIDC is normally introduced in traceability systems to collect and exchange

information in processing chains faster than manual tools. AIDC allows fast,

direct and secure exchange of information between information systems and the

food processing chain, thus reducing the errors and costs. If identification

standards are followed, items can be traced along the complete food chain. Up to

this point, the most popular AIDC technologies have been based on barcodes,

but other technologies are gaining in importance due to their innovative

characteristics. RFID is the most widespread of these new technologies. Other

important technologies are artificial vision, OCR, voice recognition and iris.

Niche technologies include smart-labels, smartcards, biotags, Bluetooth and

ZigBee. All these technologies need to be standardized to facilitate the common

understanding of the descriptors used in the selected technology. The efforts of

GS1 should be mentioned in this respect (www.gs1.org).

In the context of the Future Internet, the `Internet of things' (IoT) refers to a

world-wide network of interconnected objects, which are uniquely addressable,

based on standard communication protocols. It is generally viewed as a self-

configuring wireless network of sensors whose purpose would be to interconnect

`all' things (Conner, 2010). The IoT will create a dynamic network of billions or

trillions of wireless identifiable `things' communicating with one another,

creating an addressable continuum of `things' such as computers, sensors,

actuators, TVs, vehicles, mobile phones, clothes, food, medicines, books,

passports, luggage, etc. (Guillemin and Friess, 2009): all these `things' will be

able to exchange information. The IoT, together with AIDC technologies can

assist in the implementation of food traceability and supply chain management

processes. For instance, if radio frequency identification (RFID) tags are
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attached to items, then traceability information can be stored and updated on the

items themselves.

It is a known fact that two different devices might not be interoperable, even

if they use the same standard. This is a major barrier to wide adoption of IoT

technologies, which will remain an obstacle until global and well-defined

standards have been adopted (Basi and Horn, 2008). In general, the integration

of devices to the IoT is based on a three-tier approach:

· A first tier composed of the `things' themselves. In the case of a food chain

these are measurement devices and AIDC technologies in general, such as

RFID.

· A second tier, which is a hardware abstraction layer facilitating object

connectivity and mediating in data transmission and adaptation, as well as

information modelling.

· A third tier composed of platform enablers, which contribute to data

collection and analysis, remote management of objects, secure data, event

communications management, and B2B interaction.

Machine-to-machine interaction is one of the main aspects of the IoT and is

also very relevant to the food chain. The complete range of machines are

involved: from large pieces of equipment to microcontrollers. Lab-on-a-chip

devices are particularly worth mentioning in this context.

1.6 Developing traceability systems and services

The ultimate goal of the RATIS is to support, guide, and facilitate the

development of service-oriented traceability information systems. Therefore the

users of the RATIS are considered `system and services integrators', who are

supposed to provide the `right solution' according to:

· the real and specific needs of the food companies and supply chains under

consideration (further analysis by traceability experts may aid with that);

· technological analysis of the existing systems and services available within

the companies under consideration (if any exist, they need to be integrated,

not replaced);

· parameters to be measured, data to be captured and devices available;

· services made available on the Web by third-party service-providers;

· new services (specific for traceability) developed (or to be developed) by

software and service developers.

The result of this service integration task should be company or supply chain

specific traceability information systems, which fulfil specific requirements.

Indeed, as argued by Golan et al. (2004), traceability systems can have different

degrees of breadth (how many different types of information are included),

depth (how many layers of the supply chain are included) and precision (the

level of detail at which information is gathered). The selection of a traceability
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system depends on trade-offs between costs and benefits, which in turn vary

across industries and through time, reflecting market dynamics, changes in

technologies and consumer preferences. Such a tailoring process requires a high

degree of flexibility as well as rapid development, which are both enabled and

supported generally by a service-oriented approach and specifically by the

RATIS-based tools.

Every specific traceability information system developed according to the

RATIS will be a distributed, consistent, relevant, and coordinated set of services

provided and/or used by food players and other stakeholders (e.g. logistic

providers, software service providers, analysts, etc.) through their (existing or

new) software systems. Services are logically distributed between several

players and their corresponding locations. However, logically distributed ser-

vices can be provided physically by the same system. Services must be

consistent in order to be properly selected, composed, and used by any party

who requires them. This implies that they must be explicitly and clearly

described. Services should be relevant to traceability issues, providing and

requesting only relevant information about traceability processes. Finally,

services should be coordinated in order to perform traceability-related processes

and to create new complex services on the basis of existing services. Therefore,

as shown in Fig. 1.2, each party/actor (represented by Aw, Ae, Ar, At, etc.)

provides some services (lollipop notation) and needs some other services (socket

notation) provided by someone else (services are represented with Sa, Sd, Sg, Sh,

etc.). Thus, each party is responsible for providing and requesting some services

Fig. 1.2 Traceability information systems as a coordinated set of services.
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Fig. 1.3 TISs, RATIS framework, RATIS, third-party services, legacy systems, and devices.
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according to the RATIS specifications and its role in the specific configuration

of supply chain.

Traceability information systems developed according to the RATIS

approach are intended to be an `integrated' set of (web-based) applications or

mash-ups (Fig. 1.3), which will let users access and use the system through a

rich web-based interface (i.e. web browser). A mash-up is a web page or

application that uses, integrates and combines data, services, presentation and/or

functionality from two or more sources to create new services. These

applications exploit the potential of new web-based interface technologies (i.e.

Ajax, Google Web Toolkit, etc.) to provide users with many facilities normally

provided by desktop applications (e.g. drag-and-drop, notifications, complex

widgets, etc.). RATIS-based mash-ups will rely on and use RATIS service

implementations. Some such services will be included within the RATIS

framework, which also includes some built-in mash-ups that can be reused in

several traceability information systems (TISs). Thus, in order to develop a new

TIS, mash-ups that have been developed already and made available within the

framework could be used. It should be noted that services have to be

implemented according to the RATIS service specification. Some services could

be developed by third parties (e.g. Google Maps, news, data storage, etc.) and

made available to the RATIS service network to be integrated in RATIS-based

TISs.

1.6.1 Real applications of RATIS

The RATIS-based approach has been applied to two real contexts, i.e. a tomato

chain in Spain and a milk chain in Italy. The first application focused on a

Spanish fresh tomato `farm to fork' food chain (La Sala, Pasqual Marketing,

Consum), tracing the `kumato' variety. This chain traces the tomato from seed to

supermarket distribution. The following roles were identified:

· plant nursery, developing small plants from seeds, and transport to tomato

producer;

· tomato production in farms;

· selection and packaging of produced tomatoes;

· transport to logistic platform of product pallets;

· redistribution of pallets at the logistic platform and transport to supermarkets;

· reception in supermarkets and delivery to consumers.

Following the service-oriented approach, the participating companies'

existing systems were connected together (previously they were not connected

as each used different technologies) allowing information to flow between the

companies with minimum changes to existing systems.

Safety and quality parameters are now measured, using proper devices

according to the IoT vision. Several of these devices are new or are improve-

ments of existing devices. Several of the parameters measured in different nodes

of the chain include: shape, colour, defects, specific metals, moulds, origin,
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gaseous emissions, temperature and humidity. Devices and techniques used

include the electronic nose, spectrophotometer, machine vision and temperature

and humidity active RFID. Additionally, two identification technologies have

been included: barcodes and RFID. As part of this system, several scenarios are

supported, such as dispatch, maturity prediction, product withdrawal and

traceability certification. There is also support for product recall along the food

chain, in case of a food safety crisis.

Many of the functionalities described above in relation to the tomato chain in

Spain are common to the case of traceability of Parmalat fresh milk `Blu

Premium'. This chain stretches from the cattle feed producer to the supermarket

and includes the milk producers, processors, warehouses and all transporters of

goods in their various forms (i.e. feed, raw milk, pallets of processed milk,

smallest boxes of milk, etc.). Eight food players have been linked to share

information on traceability (such as movements of goods, processing and

transformation, etc.) and quality and safety issues and problems. This allows

them to properly manage traceability processes and crises both efficiently (i.e. in

a timely fashion) and effectively (i.e. without information gaps and breaks).

One important feature of the systems developed is that the companies access

them as web services and applications, by only using browsers and an Internet

connection. Some of the services are also available on and accessible by

personal mobile devices (e.g. smart phones, PDA). This ensures that the

traceability system supports people's mobility and doesn't impact their normal

operations.

1.7 Conclusions

The RATIS should be considered a tool that supports a new paradigm in

traceability systems development. It facilitates the move to a service-oriented

approach. Instead of producing traceability systems from scratch or reusing

existing software, components, and frameworks, the RATIS encourages

developers to move towards exploiting the (potentially huge and for sure

evolving) network of available and relevant services. The underlying assumption

is that many services already exist, so why shouldn't they be exploited? If

something new needs to be developed, why not do it using a service-oriented

approach following an existing specification?

The mains users of the RATIS are service and system integrators and this is

who it is designed for. Systems designed using the RATIS benefit from the

adoption of a service-oriented approach, based on the integration of available

(web) services, which should be well managed, tested, widespread, and conform

to an open specification. The benefits are evident throughout the whole life cycle

of traceability systems, from development and integration, though deployment

to maintenance and management. Anyone can develop services compliant to the

RATIS and make them available within the network. They can build their

business around such an activity, by selling software they develop or, a better

20 Food chain integrity

ßWoodhead Publishing Limited, 2011

�� �� �� �� ��



method, by selling use of those services. It should be noted that service

developers cannot also be service providers.

What is the benefit for food companies if they ask for a RATIS-based

traceability system, compared with alternative solutions? RATIS-based systems

are supposed to be based on open specifications (i.e. the RATIS) and open, well-

known and tested technologies and to be flexible, dynamic and adaptable thanks

to the service-oriented approach. Services integrated into RATIS-based systems

are provided by specialized operators and are reliable implementations. It should

(hopefully) be cheaper to use those services than develop them from scratch.

Users do not need to buy, install and manage expensive and complex

components (such as database management systems): their services are provided

remotely. Thus, the overall cost, quality and performance of such traceability

systems should be improved by the adoption of RATIS approach and service-

oriented computing.
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2.1 Introduction to biotracing

Biotracing is tracing (backward) and tracking (forward) biological contamina-

tion in the food/feed chain. Advances in detection technologies, improvements

in molecular marker identification, clearer understanding of pathogenicity

markers, improved modelling methodologies and, more importantly, the

2
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Abstract: Traceability is a common concept in the food chain today. As
generally understood, the concept refers to tracing the source of food from
the dinner table back to the farm. The concept of bio-traceability is the
tracing and tracking of bacteria (and their toxins) along the food chain.
Tracing bacteria along the food chain is a new and complementary concept
to quantitative microbial risk assessment (QMRA) and hazard analysis of
critical control points (HACCP), two approaches that are already widely
used. However, QMRA and HACCP are generally concerned with public
health impacts and with hazard control at food production enterprises. A
comprehensive concept for tracing hazards along a chain, up- and
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concept of biotracing and addresses some of the important questions relating
to it.
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integration of these disciplines will lead to better capability in full-chain tracing

and tracking of biological contaminations (Barker et al. 2009). This will lead to

faster intervention in contamination events, limited product recalls and more

targeted remedial action, resulting in a more rapid resolution of contamination

incidents.

At a practical level, biotracing will combine finite and limited amounts of

sampling with improved detection methods and models. It will bring about the

ability to use downstream information to indicate materials, processes or actions

within a particular food chain that may be sources of undesirable agents.

Biotracing is a driver for improved food safety rather than a mechanism for

establishing liability for a particular contamination event.

2.1.1 Biotracing is different from risk assessment and hazard analysis of

critical control points (HACCP)

Biotracing is a concept that is fully complementary to already existing

strategies to ensure food safety in processing. It facilitates food enterprises to

make scientifically sound normative decisions on the origin of contamination

and on the impact of a contamination scenario on posterior processing steps.

The relationships between biotracing, HACCP and QMRA are shown in Fig.

2.1.

A unique aspect of biotracing, compared to HACCP or risk assessment, is

virtual contamination scenarios; i.e. in biotracing, food producers work out for

each food chain a contamination scenario that may or may not happen sometime

in the future. The contamination can be inadvertent (accidental) or be caused on

purpose as part of an attack on a food supply chain. For instance, an ice cream

factory has a HACCP plan for the production site. Sampling and testing are

carried out as part of HACCP. The ingredients such as pasteurized milk, egg and

additives used in the production plant are provided by sub-contractors and it is

the responsibility of the sub-contractor to guarantee that they are safe to use.

This is normally done by documentation. Biotracing goes beyond this docu-

Fig. 2.1 Diagrammatic representation of the relationship between the novel concept of
biotracing and the existing concepts of HACCP and QMRA.
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mentation to include a sub-contractor's testing and data in the contamination

scenario. Without biotracing, it can be difficult to find the source of contamina-

tion at the ingredient plant. In addition, does the ice cream factory have a plan

for making a targeted product recall in case of problems after the product has left

the factory? Is there a preparedness plan for targeted product recall?

Biotracing combines food microbiology knowledge and technology with

complex systems approaches and modelling. From a food microbiology point of

view it is used to answer questions such as what strain of pathogen can, or has,

contaminated the chain, can detection capabilities be improved and what are the

growth or no-growth boundaries of the pathogen in the various processes or

production points in the chain.

The mathematical modelling aspect will identify a probable time and place of

contamination using information about the chain and data from inline

monitoring and, in addition, domain models can support improved predictions.

All of this facilitates informed decision making in relation to remedial actions,

interventions and cost-efficient recalls. While tracking and tracing are some-

times achieved through other systems, biotracing aims to bring a new level of

integration, incorporating decision support tools based on modern techniques for

pathogen detection and modelling with a more cost-effective sampling.

As biotracing is a new concept in data collection, improved detection and

modelling, it goes beyond traditional modelling concepts such as predictive

modelling and source attribution and it aims to complement established food

safety assessment schemes by combining data flows with mathematical models

to give quantitative information about the likely sources of particular hazards or

potential problems. Biotracing relies on integration of valid analytical chains,

from sampling to data interpretation, into modelling of actual feed and food

chains and aims to operate within food chain systems in such a way that

responses to safety signals are increasingly targeted at particular sources, and so

are less intrusive and are ultimately more efficient. The combination of

laboratory experiments and chain-related information flow leads to the all-

embracing nature of biotracing; for example, a biotrace might include

microbiological data, but also transport data and process failure data into a

consistent modelling scheme that provides quantitative information about

source level propositions.

2.2 Tools required for biotracing

Biotracing requires collective integration of laboratory methods and mathe-

matical models to estimate and identify where the critical points are across the

whole food chain and which contamination scenarios are the most relevant. The

likely impacts on food safety can then be quantified using food chain models

(Fig. 2.2).

Specifically, biotracing requires advances in the following areas.
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2.2.1 Feed and food chain analysis

Traditional methods for microbial analysis of food borne pathogens are time

consuming, have limited sample throughput, are not quantitative, and do not

provide all the information needed to assess virulence potential. Even molecular

genotyping, which usually involves some form of electrophoresis following

culture, is labour intensive, time consuming and not easily automated. Bio-

tracing requires reliable standardized test systems for fast and precise charac-

terization of pathogenic microorganisms, i.e. viable pathogens that are above the

known infectious dose for humans. Here, methods to be able to distinguish

between viable and dead cells are crucial (Josefsen et al. 2010).

2.2.2 The impact of modelling

Biotraceability requires deeper knowledge of microorganisms than is currently

available in order to estimate their persistence and virulence and to predict their

behaviour in a particular food type at a particular stage of production (Dorrell et

al. 2005). Currently, most microbial models for predicting the behaviour of

microorganisms in food environments are based on laboratory studies (e.g.

Combase and Micromodel). As microorganisms will behave differently in food,

there are obvious limitations to this and food-based models are required

(Schvartzman et al. 2010a).

2.2.3 Contamination control technologies

The traditional approach to traceability in the food industry is to bring about the

ability to identify the source, and ideally the full history, of a product and its

Fig. 2.2 The conceptual food chain modelling of biotracing.
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ingredients. The term `track and trace' is often used, with `track' meaning to

follow a product through its life and `trace' meaning to find its origins. Current

legislation obliges each company to provide their own records to food safety

authorities on request, but there are no standards on the delivery media or format

of the records. Biotracing requires standardized formats for data in order that

information is comparable across different facilities.

2.2.4 Genome sequencing

Biotracing requires the application of molecular tools to analysis of bacteria so

that maximum information can be obtained from a minimum amount of analysis.

The sequencing of microbial genomes (http://www.ncbi.nlm.nih.gov/sites/

entrez?db=genomeprj) has made it possible to construct whole genome DNA

microarrays and to construct tailor-made PCR (polymerase chain reaction)

typing methods that can be used to give useful information about the genetic

composition of bacterial strains. However, to date, these advanced technologies,

which can yield valuable information in a single step, have not been applied to

analysis of pathogens in the food chain (Champion et al. 2005).

2.3.5 European feed and food law

The feed hygiene regulation (EC No. 183/2005, which became effective 1

January 2006) lays down a set of measures on hygiene, traceability and con-

ditions and arrangements for establishments. The focus of the regulation is on

the safety of animal feed, which is the primary responsibility of the operators in

the feed chain. One of the most important aspects of this regulation is the

registration of establishments and rules for record keeping and improved

traceability throughout the entire feed chain. Furthermore, by making European

food business operators (FBO) responsible for safe food production, the EU

Directive No. 178/2002 has put a huge burden on their shoulders. Since the size

of food business operators varies from small family businesses to large

globalized companies, the management capabilities with regards to competing

contamination scenarios varies dramatically (e.g. in the UK the smallest dairy

producers typically process ~300 thousand litres of milk per annum, whereas the

largest operations handle ~300 million litres a year). Biotracing is a concept that

supports FBOs in taking the right, or at least justifiable managerial decisions.

2.3 Novel aspects of biotracing

In order to develop the concept of biotracing, the EU funded a 6th Framework

project, BIOTRACER (www.biotracer.org). The project focused on the

development of novel frontier technologies for exploitation in tracking and

tracing microorganisms in selected models of the food and feed chains, and

modelling the behaviour of pathogens in these environments. In biotracing,
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modelling the flow of microorganisms is essentially coupled to decision making

that is still done in many crisis situations on an heuristic as opposed to a

scientific basis. It is this sound decision-making process that will allow

improved responses and make them transparent and targeted.

The work has facilitated inter-disciplinary cooperation and added novel

aspects to research that enhance the concept of biotracing:

· There has been integration of modelling studies of the different parts of the

food/feed chain (domain modelling) resulting in increased awareness of food

safety risk factors and what measures can be used to reduce the identified

risks in the entire food chain (Pin et al. 2010).

· The integration of global expression data into models has been advanced.

This allows a holistic view of the biological systems studied, as physiological

data is integrated with information on virulence, gene expression and

metabolite composition under particular conditions.

· Sophisticated data-mining and inference schemes have been developed

(Barker et al. 2009 and http://bbn.ifrn.bbsrc.ac.uk/btmodeller). These can be

used to analyse food-chain data relating to when, where and how products are

transported within food chain systems and where and when contamination

occurred, in addition to information on primary loads. In some cases these

have been converted to user-friendly tools (software, expert systems).

· Risk assessments based on the tracing of metabolic markers and the

physiological status of whole cells in situ have been undertaken.

· Food chain and mathematical models have been linked to developments in

detection and tracing technologies. The matrix of data generated is the basis

for predicting the behaviour of pathogens under given conditions in relevant

scenarios (Manios et al. 2009, Schvartzman et al. 2010b).

· There have been developments in novel sampling and sample preparation

technologies to overcome existing bottlenecks in end-use analytical

laboratories (Olsen et al. 2009).

· More reliable and faster test systems based on molecular methods have been

developed (Josefsen et al. 2007, LoÈfstroÈm et al. 2009a, 2009b, Fach et al.

2009, Walcher et al. 2010).

· Methodologies allowing direct tracing of protein-based substances (e.g.

enterotoxins) through the food chain have been developed.

2.4 Strategic impacts of biotracing

Strategically, biotracing will foster the continuous traceability of micro-

organisms along the food and feed chain, thus establishing a scientific basis

for a traceability guideline applying to all food, animal feed, food-producing

animals. It will result in an integrated understanding of the growth and spread of

pathogenic microorganisms and their toxins in the food chain structures. Both

novel data supplies and models will promote the identification of the most

vulnerable chain structures, and their elements. This is in keeping with the aims
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of the White Paper on Food Safety (Comm 199, 719 final), which calls for `a

comprehensive and integrated approach' to `ensure a high level of human health

and consumer protection'.

To date, selected food-chain/pathogen combinations have been studied, the

results of which can be broadly applied in other areas. These include:

· mycotoxin and Salmonella traceability in the feed chain;

· Campylobacter spp. traceability in chickens;

· Salmonella spp. traceability in pigs;

· Listeria spp. and S. aureus traceability in dairy products;

· traceability of toxin and spore forming bacteria (C. botulinum and B. cereus/

anthracis (bioterror);

· viruses in bottled water.

Most food and feed chains are complex trans-national structures involving

non-European countries. The production of food and the threat of its con-

tamination by microorganisms is not only a national issue, but must be handled

on a European basis to develop common strategies, rules and policies. Because

biotracing is an integrated, borderless concept, it will promote the production of

food and feed that will have a positive health impact on European citizens. Thus,

it will:

· enhance well-controlled food chains and improve the cost/yield ratio in food

control and safety;

· reduce economic, health and social risks in the production of food and feed;

· contribute to implementation of the European Food Safety and Quality

strategy;

· provide recommendations and tools for a more reliable decision process, as

well as policy process;

· contribute to optimizing the rapid alert system and targeted response systems;

· create a basis for decision making to the European food industry and other

institutions;

· integrate the results (completed to date) of biotracing into the development of

the food law enforcement practitioners.

Biotracing will provide authorities and FBOs with guidelines and scientific

advice on how to respond in different crises, how to facilitate laboratory-based

testing excellence and appropriate diagnostic tools, and how to improve overall

preparedness for hazard response actions.

The virtual situations will highlight bottlenecks and vulnerabilities associated

with the tracing and tracking of etiological agents along the food chain. The

proposed response to these scenarios will be a framework for general prohibitive

efforts needed to detect risk accumulation and to strengthen response capabili-

ties. Risk assessment must be based on solid scientific evidence, which helps

decision making, including drafting of food safety legislation.

The contribution of biotracing to risk assessments is mainly in three areas.

First, provision of new methods for fast and sensitive enumeration of pathogens,
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since quantitative methods are necessary for quantitative risk assessments

(Malorny et al. 2008, KraÈmer et al. 2010). Second, domain modelling to assess

vulnerability of food production chains and to fill in the data gaps. Finally,

development of new genetic markers that can be used as risk determinants

(Champion et al. 2005).

2.5 Significance of biotracing for production chains

Food safety science is being driven by an expanding and increasingly accessible

data supply and by increasingly sophisticated computational science.

Fragmented data supplies, e.g. public health statistics, food surveillance studies,

microbial research and process risk assessments, and mathematical models can

be collected, integrating different elements of the food and feed chains, and

different groups of stakeholders.

In particular, physiological data on survival, growth, virulence, gene expres-

sion and metabolite composition in food/feed has been translated into model

systems such that the influence of the food matrix on physiology and detection

can be investigated throughout the food chain. As these models encompass all

steps in the food chain, from primary production to the consumer, biotracing will

be able to trace microbiological contaminations for multiple combinations of

food/pathogen at any point in the chain.

Contamination with a biological agent raises many unanswered questions and

scientific hypotheses, which will be answered by biotracing. For example: is it

possible to estimate the initial source of contamination? What actions can be

suggested to prevent this contamination in the future? How should a a strategy to

better inform producers, consumers and regulators be developed? The outcome

of biotracing will facilitate:

· better understanding of the fundamental characteristics, particularly the basic

processing conditions and agent dynamics, for each selected food and feed

chain;

· definitions of food and feed chain structures, including time/space ordering,

that embrace both the food processing and microbiological dynamics

information to support biotraceability;

· provision of a systematic approach for quantitative food chain analysis,

which can be applied to analyse the relevant food chains and to encompass

the current status of food safety decision making;

· predicting the impact (endpoints of concern) and inferring the origins of

(un)intentional agents that occur within the relevant food chain structures,

thus leading to food chain intervention decision making, and to construction

of a reliable communication structure with various stakeholders;

· provision of an organizational framework for existing information (i.e. a

database), and a platform that supports improved decisions surrounding food

safety.
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2.5.1 Feed chain

The feed chain is an essential element of a safety concept for the production of

high quality and safe human food from animal origin. It is well known that

animal feed is frequently contaminated with Salmonella, causing infection of

food animals, although tracing contamination in the food chain to its ultimate

source is often difficult.

Biotracing covers relevant aspects in the whole feed chain from validation of

sampling, analytical method development and validation of test methods for

mycotoxins and Salmonella, and finally model generation. Advances have

recently been made in reducing existing uncertainties in different areas,

specifically in the knowledge of uncertainties in sampling of feedstuffs. The

integration of sampling activities at different locations, comparison and cross-

validation of analytical methods, and establishment of conceptual models for the

introduction and spread of Salmonella in the complex feed chain have been

made. Understanding of the complexity of the chain has facilitated new ideas for

traceability tools that will be developed in the future.

In the feed chain, biotracing has been used in close collaboration between

scientists and industry and has resulted in:

· validated cultural and rapid molecular methods for detection of Salmonella

contamination in feed (Koyuncu and HaÈggblom 2009);

· rapid and economic methods for mycotoxin clean-up in feed (Reiter et al.

2009);

· knowledge on sampling uncertainty for feed contaminants (Andersson and

HaÈggblom 2009).

2.5.2 Meat chain

Within the last decades, the pig and poultry industry has changed markedly.

With the introduction of large, centralized breeding farms and subsequent

transportation to centralized slaughterhouses, traceability is required for modern

animal breeding and for effective generalized prophylaxis and disease control.

The meat production and processing chain, including control measures, is

directly affected by the desire of consumers to know more about the origin and

health status of the poultry meat and pork they eat. Animals are the reservoir for

a variety of organisms and can be carriers of human pathogenic bacteria. For this

reason, strict controls are required along the food chain to prevent contamina-

tion. While these controls are successful in most cases, frequent failures occur,

as evidenced, for example, by the numbers of Salmonella spp. related food-

borne disease incidences and outbreaks (EFSA 2010). When these occur,

tracking and tracing methodologies need to be used in order to minimize the

associated risks to the consumer.

Campylobacter is one of the most important causes of bacterial gastro-

intestinal disease worldwide (EFSA 2010). It is estimated that the cost is ¨500/
incident. Given an estimate of 60 cases per 100 000 (the reported incidence

varies between countries, probably due to differences in surveillance systems as
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well as real differences in incidence) resulting in an annual cost to Europe of

about ¨30 million (Duff et al. 2003). While the disease is usually self-limiting, it

can result in severe and serious complications in approximately 1/1000 cases.

In the pork chain, biotracing has addressed issues of improving tracing

methods for Salmonella spp., providing quantitative data based on genomic tools

and led to the study of models that have the potential to incorporate the effects of

environmental factors (LoÈfstroÈm et al. 2009a). This has resulted in the ability to

predict the impact of Salmonella spp. persistence and behaviour in pork by

adjusting/extending static predictive models for use in dynamic food chain

structures and linked the adaptation of Salmonella Typhimurium in the pork

production facilities with the feed chain. In addition, there are now improved

and validated detection methods that contribute to source contamination

identification (Josefsen et al. 2009, 2010).

In the poultry chain, biotracing has addressed the point of entry of

Campylobacter jejuni in the poultry production chain, the impact of processing

conditions on the physiology of the organism and modelling the behaviour of

Campylobacter along the production chain for the purpose of tracing and

tracking contamination (Olsen et al. 2009, GonzaÂlez et al. 2009). This has

resulted in advanced user-friendly tools for source attribution and demonstrated

that contamination from the slaughterhouse environment is a significant factor in

contaminating chicken meat.

2.5.3 Dairy chain

Listeria monocytogenes is a food-borne pathogen and although the incidence is

not very high, the mortality rate of 20±30% is of great concern. Those most at

risk include the young, the old, the pregnant and the immunocompromised. With

an ageing population in certain regions, an increase in life expectancy,

increasing occurrence (and treatment) of cancer and the threat of AIDS, the

proportion of the population at risk is increasing.

There are a number of predictive models available for the behaviour of L.

monocytogenes, e.g. Combase and Micromodel. There is limited and fragmented

knowledge on microbial behaviour (survival, proliferation, virulence) in

association with food- and feed-related matrix structures, limited food-based

experimental model systems and fragmented information on the responses of

pathogenic microorganisms to adverse conditions they experience in food

products and in experimental food model systems at the level of transcriptome.

The current models are primarily based on data obtained from growth of pure

cultures in liquid laboratory media, or on data from a variety of different

sources. Stress resistance, which is likely to be a factor in the persistence of L.

monocytogenes in food, and possible changes in virulence due to food

composition, are rarely accounted for (Schvartzman et al. 2010a).

Staphylococcus aureus is among the most common causes of bacterial food

poisoning worldwide. An outbreak in Japan (Asao et al. 2003) demonstrated

how a significant number of people could be affected by a single contamination
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event. S. aureus produces a number of enterotoxins which can cause illness,

even in the absence of the organism itself.

The concept of biotracing in the dairy chain will be enhanced by recent

advances in knowledge of the physiology of L. monocytogenes and S. aureus and

the inclusion of additional parameters into mathematical models (Manios et al.

2009, Schvartzman et al. 2010b, Le Marc et al. 2010, Reichert-Schwillinsky et

al. 2009). Development and validation of an ELISA method for S. aureus

enterotoxins (Wallin-Carlquist et al. 2010), knowledge of the factors controlling

enterotoxin production in conditions corresponding to the dairy chain from farm

to the consumer and transcriptional changes in S. aureus enterotoxin under

different conditions all contribute to biotracing. In addition, identification of a

genetic marker for identification of S. aureus of bovine origin (Jose Penades,

personal communication) will facilitate the incorporation of molecular data into

mathematical models, leading to improved biotracing.

Similarly, the development of a domain model for L. monocytogenes in the

cheese chain is a major contribution to biotracing in the dairy chain. This

biotracing development was facilitated by study of occurrence and persistence of

Listeria monocytogenes in dairy environments and cheeses (O'Brien et al.

2009), resistance of L. monocytogenes to sequential environmental stresses

(Belessi et al. 2010) encountered in foods (e.g., during fermentation and ripen-

ing) and on food contact surfaces (e.g., exposure to sanitizers) and assessment

and prediction of the probability and rate of L. monocytogenes growth during

cheese-making (Schvartzman et al. 2010b). It has resulted in enrichment of

publicly available databases, such as COMBASE and PULSENET with

phenotypic and genotypic data.

2.6 Potential bioterror agents and accidental contaminants in
the food and feed supply

Tracing and tracking is the backbone of outbreak emergency management of an

intentional contamination event. Therefore, tracing tools need to be integrated

within existing general plans for emergency response to maximize the effective-

ness of the plans and to minimize the environmental, social, and economic costs

associated with the contamination. Current tracing methods lack flexibility,

rapidity, and reliability. They are optimized for known pathogens in certain feed

and food samples and most of them are based on culture methodology and

consequently not useful in a contamination event. In order to optimize bio-

tracing, it is necessary to operate with a number of virtual contamination

scenarios (VCS). In situations where food has been adulterated, a rapid response

with the best possible methodology is essential to contain the event and reduce

the risk to the wider population.

New tools are needed to improve laboratory preparedness for detection of B.

anthracis and Clostridium botulinum in food and feed. In biotracing, B. cereus

can be used as a simulation model for B. anthracis to reduce the risk to staff and
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avoid the need to work in contained laboratories during development of new

sampling and sample treatment strategies (Fach et al. 2009).

Noroviruses are a group of related, single-stranded RNA viruses that cause

acute gastroenteritis in humans. Also known as caliciviruses or small round

structured viruses (SRSV), they are the cause of what is commonly termed

`Winter vomiting' disease. Because methods for the detection of Noroviruses in

water samples are still under development (Schultz et al. 2010), the magnitude

of contamination in drinking water and the effects of such contamination on

public health are unknown. In effect, the disease burden of Norovirus is

unknown, but it is estimated to be considerable (see Chapter 6).

Data on the survival and infectivity of Noroviruses in bottled water is scarce

and scattered. Simple sensitive diagnostic assays are not available for

Noroviruses. There is need to develop methods that are rapid, sensitive, and

selective for virus detection and outbreak investigations (Anonymous 2002).

This would assist in tracing the source of contamination, understanding the scale

of the problem, thus reducing the associated risks to the public.

Biotracing has been facilitated by the introduction of harmonized, robust and

validated tracing systems that are crucial in case of an emergency response

related to a bioterrorism event or an accidental contamination event. Ring-trials

using advanced tracing tools for B. anthracis and C. botulinum have been

undertaken. Sampling is a key step in biotracing and a model of a biotraceability

sampling plan has been developed for spore-forming bacteria. DNA extraction

efficiency of Bacillus spores in different feed and food products has been studied

(Wielinga et al. 2010). A bioinformatic platform for analysing whole genome

characteristics of B. anthracis and C. botulinum isolates (sequence reads as well

as assemblies) has been established.

2.7 Conclusions and future directions

Dynamism in the emergence of `new' pathogens, for example emerging viruses,

and different pathogen/matrix combinations will continue. Thus, the need for

biotracing and developments in biotracing will remain. Future developments in

biotracing will include:

· improved detection methods, particularly those molecular methods, resulting

in more quantification, a pre-requisite for modelling in biotracing;

· improved identification of pathogen markers will improve biotracing;

· incorporation of molecular data into modelling, for example pathogenicity,

will continue for the future and the issues to be addressed will change;

· bioinformatics and functional genomics;

· the ability to study entire bacterial communities, including non-culturable

organisms will be studied using DNA technology;

· all of this will result in better decision-making tools, better communication,

risk-informed decision making.
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3.1 Introduction

In recent years, the implementation of food traceability systems has become a

priority as an attempt to restore consumer confidence after a number of well-

published food safety incidents such as bovine spongiform encephalpathy (BSE),

Salmonella and E. Coli, and concerns about production and process attributes

such as genetic modification, antibiotics and animal welfare. In the European

Union (EU), under the framework of the General Food Law, Regulation (EC)

178/2002 has set new standards to ensure stricter implementation of traceability

3
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in food and feed chains by enforcing mandatory traceability of food and food

ingredients as of 1 January 2005. The regulatory requirements necessitate all food

and feed business operators to be able to identify the source of all foods and

ingredients and to provide the basis for further monitoring throughout supply

chains. Traceability systems are thus conceived as a risk managment tool to

reduce the impact of product recalls and food safety incidents (Souza-Monteiro

and Caswell, 2010) and are expected to increase transparency throughout the

food chain and to result in the development and maintenance of consumer trust in

food and food producers (Van Rijswijk et al., 2008).

In the United States (US), consumer interest in food traceability has increased

after recent food safety incidents such as the discovery of BSE in 2003 and the

case of E. coli contaminated spinach in 2006. However, progress in the imple-

mentation of traceability systems has been slow; the lack of knowledge about the

effects of traceability on consumers' welfare and firms' profits has hindered its

wider adoption (Pouliot, 2010).

According to Golan et al. (2004), the main reasons for adopting food trace-

ability systems are to improve management decisions, to create markets for

credence attributes (content and process characteristics), to assure food safety

and quality levels and to help minimise the impact of a food crisis at firm and

industry levels. However, the benefits of traceability go beyond food safety

management; traceability can be used as a tool to monitor and manage infor-

mation and product flow, which may lead to improved efficiency and ultimately

enhanced profitability (Bantham and Oldham, 2003). In addition to food safety

control and supply chain management, traceability can also be used in new

product development and is increasingly required in securing foreign market

access (Hobbs et al., 2005).

From a theoretical standpoint, the perfect scenario would be to trace a

product from farm to fork. However, full traceability is normally too costly

(Sparling et al., 2006). Hence, a rigorous cost-benefit analysis would help to

identify the most cost-effective food traceability level for a given situation.

According to Golan et al. (2003), the breadth, depth and precision (error

tolerance and traceable unit size) of a food traceability system would depend on

the attribute and the cost-benefit analysis, whose optimum would in turn vary for

each particular case. Even for a single industry, such as food, the level of food

traceability required varies across sectors (Wilson et al., 2008).

According to Golan et al. (2004), traceability costs include recordkeeping

and product differentiation, which to a larger extent are easier to quantify

compared to benefits. Some of the factors that would impact traceability costs

include the breadth, depth and precision levels and type of industry. On the

benefit side, market size, chain coordination level, likelihood of a food crisis and

its consequences and expected price premium would determine the level of

benefit of a company after a food traceability system is adopted. Evidence

supporting a price premium from traceability is uncertain because while con-

sumers often state they would be willing to pay more for safer food, observa-

tional data show that economic convenience most affects purchasing decisions

Stochastic simulation of traceability systems 39

ßWoodhead Publishing Limited, 2011

�� �� �� �� ��



rather than notice of safety or traceability on the product label (Meuwissen et al.,

2003; Loureiro and Umberger, 2007).

The objective of this chapter is to estimate, at the firm level, the costs and

benefits of upgrading existing traceability systems using stochastic simulation.

The proposed changes represent potential improvements to the status quo

through the use of advanced diagnostic devices, referred to as `traceability

solutions'. The aim is to estimate the impact of each traceability solution on a

firm's profitability. To this end, the paper uses stochastic (Monte Carlo)

simulation and firm-level data from a fresh produce distributor in Spain. The

simulations were performed as part of the EU-funded project TRACEBACK.

Stochastic simulation is a quantitative methodology, well-supported academic-

ally, which identifies the likelihood of an event occurring and the magnitude of

its consequences. Stochastic simulation offers flexibility and power that com-

bined with empirical data bridges the gap between managerial applications and

academic rigor (Shafer and Smunt, 2004). Firm-level operational and business

data were collected through semi-structured questionnaires. In addition, device

cost and performance data were gathered from the project device developers.

Empirical distributions of the variables under study were determined and used to

drive our simulation models. Simulation results show the probability of

obtaining a certain profit level before and after a traceability solution is

implemented.

The remainder of the chapter is organised as follows. Section 3.2 presents an

overview of past research on cost-benefit analysis using stochastic simulation.

Section 3.3 introduces the case study and simulation results for a fresh produce

distributor. In the concluding section, we discuss the business implications of

possible changes and propose a number of recommendations.

3.2 Review of cost-benefit analysis of food traceability

Caswell and Jensen (2007) suggest that the economic analysis of intervention

measures for food safety controls (such as mandatory traceability) should

address important empirical questions including:

1. What are the costs to government, industry, and consumers of implementing

a regulatory intervention?

2. How effective is an intervention in reducing the risk of illness in terms of

public health outcomes?

3. What is the effect on the regulated supply chain, in terms of behavioural

changes upstream or downstream from where the intervention takes place,

that will significantly influence the effectiveness of the intervention?

4. What are the net benefits associated with different types of interventions?

The economics of food safety, which is a relatively new but rapidly expand-

ing field (Antle, 1999), attempts by and large to address these questions. This

literature suggests that there is a clear rationale for the government regulation of
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food safety to protect public health and consumer interest on the grounds of

market failure resulting from asymmetric information about food safety

attributes (see Ritson and Mai, 1998; Antle, 1999; Unnevehr and Jensen,

1999, 2001; Hennessy et al., 2003). Henson and Traill (1993) identify three

primary reasons as to why the market mechanism may fail to guarantee supply

safety of foods: (i) the nature of foodborne risks which are not easily detectable;

(ii) the public good nature of food safety provision with diverging private and

social costs and benefits; and (iii) asymmetries in the supply of food safety

information which entails considerable uncertainties.

The efficiency of regulatory interventions is traditionally assessed by com-

paring costs and benefits of new interventions and/or existing regulations

(Stiglitz, 2000). Most methods for measuring the benefits of food safety regula-

tion are based on economic approaches to valuing reductions in health risk in

monetary terms, whereas costs mainly consist of estimated (or observed)

regulatory and industry compliance costs (Unnevehr, 2000; Unnevehr and

Jensen, 1999; Antle, 1999; USDA, 1996).

Cost-benefit studies of food traceability have tried to catalogue the costs and

benefits using surveys and interviews. Gellynck et al. (2005) focused on the

costs of traceability systems and through interviews they distinguished between

investment and operation costs, taking into account three company sizes. Mora

and Menozzi (2005) used a survey to identify the perceived benefits and costs in

the Italian beef sector resulting from the implementation of traceability systems

to comply with regulation (EC) 1760/2000. Sparling et al. (2006) used in-depth,

semi-structured interviews and surveys to catalogue investment and imple-

mentation costs and perceived benefits from implementing traceability systems

in the Canadian dairy processing sector. Food safety/recall crisis management

and fulfilment of trade requirements were the two main reasons for imple-

menting traceability systems. The most important problems found were attitude,

motivation and the need to retain production and supervisory staff.

Chryssochoidis et al. (2009) developed a questionnaire to determine the

perceived costs and benefits of a traceability system, ex-ante and ex-post, in a

mineral water facility. The perceived benefit questionnaire was based on work

by DeLone and McLean (2004), which identifies the following dimensions: net

benefits, user satisfaction, intention to use, information quality, system quality

and service quality. Costs are decomposed into initial investment and ongoing

costs. In the questionnaire, the decision maker rates, on a 1 to 7 scale, the

attributes of the traceability system, where the ex-ante and ex-post situation are

visually compared.

In the UK meat sector, Hobbs (1996) measured the significance of transaction

costs between processor and retailer levels using conjoint analysis. The author

identifies important cost attributes in the retailer procurement decision: quality

consistency, traceability in the supply chain, and animal welfare. All of the

aforementioned attributes are associated to a food traceability system. The author

found, in decreasing order, that quality consistency, traceability, farm assurance

and price level were the factors for which retailers were willing to pay a premium.
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Regarding the application of stochastic simulation to the food safety area,

Koutsoumanis et al. (2005) assessed the development of microbiological agents

in a chilled food chain. The authors simulated pathogen growth from the pro-

duction point to the selling point, assuming distributions for the transportation

time and cabinet temperature. Doing this, it optimised market destination

according to the product safety level. The objective was to cross-compare their

simulation model with a FIFO (first in, first out) inventory policy with respect

microbiological risk. The authors showed the simulation model to be superior at

reducing pathogen damage. In other words, the simulation model included

pathogen information and time-temperature history that optimises the operation

over the food supply chain, reducing the product damages.

Wilson et al. (2008) developed a stochastic simulation model to estimate the

cost and optimal testing strategy to comply with the EU regulation standards to

import non-GM wheat from the US. The authors defined a three-level supply

chain (farmer, exporter and importer) and optimised the strategy that minimises

costs of wheat traceability systems that met EU requirements. The costs included

testing, quality loss, auditing, certifications, traceability and risk compensation. At

the end, the authors ran a series of sensitivity analyses on key stochastic variables.

Salmonella contamination has drawn research attention because of its high

incidence in human food safety. McNamara et al. (2007) modelled a complete

pork chain. Characterisation of distributions describing pathogen development

allowed the assessment of the expected food safety cost across the chain. Using

the same approach, but this time at a plant level, Malcolm et al. (2004) used

stochastic simulation to measure the economic impact of seven technologies to

reduce risk contamination in a slaughterhouse. Pathogen distributions were

identified across the plant production chain. The authors were able to compare

effectiveness against cost and include plant size in the analysis. Nganje et al.

(2007) wanted to determine the optimum control level for Salmonella in a turkey

plant in the US. In addition to estimating the benefits and costs of implementing

different levels of safety control at the plant level, the authors developed a

stochastic optimisation model that took into account the risk-adverse nature of

the decision maker. The results show that costs can increase exponentially

depending on the tolerance level.

Van der Gaag et al. (2004) developed a state-transition simulation model for

a pork supply chain. The model consists of a state vector (i.e., susceptible,

infectious and carrier states) and transition probabilities, which depend on the

current state. Vosough Ahmadi et al. (2007), using the same approach, assessed

the impact of food safety measures in the Dutch dairy herd sector. Within an

epidemiological focused study, Turner et al. (2003) described a disease trans-

mission model for E. coli in a dairy farm. The model includes states and

identifies direct and indirect transmission vectors.

The application of stochastic simulation to food traceability is a novelty.

Stochastic simulation can help to determine the optimal investment decision

level of improvements in traceability system at firm level. Managers would be

able to see the impacts of devices independently or a combination of them
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through the production process in terms of profit/time saving. At the same time,

stochastic simulation allows estimation of the impact of the devices before they

are actually in place. Finally, early feedback can be used to reallocate resources

to develop the devices that are more profitable for each specific company.

3.3 Cost-benefit analysis of traceability solutions in a fresh
produce distributor

As part of a TRACEBACK project, a stochastic simulation model was

developed in order to assess the impact of traceability solutions on the

profitability of a large Spanish fresh produce distributor. Figure 3.1 shows the

products flowing from the farmer to the end consumer. Farmers produce fresh

fruit and vegetables and deliver them in boxes to the distributor. Boxes are

packed into larger containers referred to as `pallets'. The number of units per

box and the number of boxes per pallet depend on the particular product and

variety. Pallets are delivered to the distibutor by trucks throughout the day.

On arrival at the distributor's warehouse, products are sampled to certify the

quality of the consignment according to a standardised sampling procedure.

Normally, three fruits per pallet are sampled. The sampled fruits are analysed in

the lab to measure internal and external attributes related to the quality and

shelf-life, including colouration, external aspect, decomposition, size, internal

aspect, sugar content (brix) and firmness. If testing results are below accepted

standards, boxes are rejected and sent back to the farmer. Rejections can range

from 6 to 33% of the total consignment. The remaining boxes enter the

warehouse as stock. Following the initial testing programme, fruit and

vegetables are also sampled while in stock. Up to 24 hours after receipt, fruit

and vegetables can still be rejected and sent back to the farmer at his own

expense. Rejections at this stage typically represent 1 to 5% of the remaining

consignment. Finally, the distributor sends the produce to retail outlets around

the region. Stores need to open every box to display the products. Each store has

Fig. 3.1 Product flow from farmers to the consumers.
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up to 24 hours to return the produce to the distributor. In this case, the cost of

produce rejection is borne by the distributor.

The distributor would like to have more certainty regarding the quality of

products received. This could be done by increasing the sample size or

increasing the accuracy of the current testing devices. Increasing the sample size

would involve sampling more fruit and vegetable units during each inspection.

Using current quality assessment techniques, which involve low-cost instru-

ments, sampled items of produce are destroyed during testing and then disposed

of. Alternatively, improved sampling devices can offer a non-destructive means

of testing. This represents a potentially signficant cost saving for the distributor,

not only due to the fact that tested fruit can subsequently be sold, but also due to

the avoided disposal costs, which can be substantial during the summer period

and for bulky units like water melon.

Model development began by collecting data and specifying distributions for

key input variables as described in Table 3.1. Modelling was performed using

Simetar simulation software. Simetar is a low-cost Microsoft Excel add-in

package with numerous user-friendly functionalities for distribution fitting and

result generation.

Having built our simulation model, we subsequently assessed each diagnostic

device's impact on the distributor's operations and profitiability both

individually and in combination. In performing our simulations,the following

assumptions were made:

· Accuracy for each device was assessed based on live tests using tomatoes

only. Acuracy for all other products and varieties is assumed to be the same

as for tomatoes.

· The testing plan remains constant through time. In practice, testing plans can

change according to the season, past incidents, etc.

· There are no interaction effects among devices. In other words, assessments

about produce quality and the accuracy of assessments for each device are

entirely independent.

· When two traceability devices measure the same attritibute, the higher

accuracy value is used.

To help support improvements to the distributor's quality control manage-

ment programme, we developed a Monte Carlo simulation model to predict

produce flow impacts and profitiability of various high-tech diagnostic devices

used to assess product quality. A list of devices considered in this study,

including technical specifications, is provided in Table 3.2.

Table 3.3 shows the results of mean estimated profitability for each

traceability solution. Machine vision would cause a monthly cost saving of

¨87.9, NIR ¨93.3 and e-nose ÿ¨16.1. If the distributor decides to have more

than one traceability solution in place, machine vision and NIR together would

produce savings of ¨9.8, machine vision and e-nose ÿ¨114.0, NIR and e-nose

ÿ¨112.6 and the three devices together ÿ¨192.0. Negative numbers mean that

the company would increase its testing cost.
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In this case, a traceability solution alone generates bigger savings than when

they are combined. This is due to two factors: firstly, traceability solutions

require a high up-front investment, in particular, the e-nose has an investment

cost of ¨15 000 (almost three times more expensive than the other two devices),

which is fairly expensive in comparison to the company's current, low-tech

testing procedures. Secondly, even when traceability devices overlap in their

functionality (e.g., machine vision and NIR both test for firmness), because of

Table 3.2 Selected devices

Device Description

Machine vision It takes a picture of the product under particular light
conditions. The acquired image is processed in terms
of colour, shape and size. Later on, this information
can be used to determine the ripening stage.

Near Infra-red Spectrometer It uses a sensor to measure the absortion of near
(NIR) infra-red light. The results are processed and

compared against benchmark patterns in order to
characterise the measured sample.

Electronic nose (e-nose) It is an instrument sensitive to volatile organic
compounds. The results can be used to estimate
ripening stage, ageing and product deterioration.

Table 3.3 Average monthly cost savings

Machine vision ¨87.9
NIR ¨93.3
e-nose ÿ¨16.1
M-vision and NIR ¨9.8
M vision and e-nose ÿ¨114.0
NIR and e-nose ÿ¨112.6
Total ÿ¨192.0

Table 3.1 Simulation product variables

Product Data Level

Tomato (2 varieties) Price (euros per box) and
quantity (boxes)

Rejected boxes at the reception,
picking and stores levels

Melon Price (euros per box) and
quantity (boxes)

Rejected boxes at the reception,
picking and stores levels

Mango Price (euros per box) and
quantity (boxes)

Rejected boxes at the reception,
picking and stores levels

Papaya Price (euros per box) and
quantity (boxes)

Rejected boxes at the reception,
picking and stores levels
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our independent assumptions, there is no added value from testing with two

devices. In all cases, with the exception of the e-nose, the traceability solutions

on average save costs for the distributor.

Figure 3.2 shows the distribution of mean cost savings presented in Table 3.3.

The cut-off values are ÿ¨100 and ¨100. The black area shows when the

distributor platform would increase cost more than ¨100. For instance, for the
machine vision, the distributor would have a 63% chance of saving between

ÿ¨100 and ¨100, and a 37% chance of saving more than ¨100. For the NIR and

Fig. 3.2 Comparison of traceability solutions. Note: distribution of cost savings for each
traceability solution in euros per month. Black area means that the value is less than the
lower cut-off value (ÿ¨100). Mid-grey area means that the value is between cut-off

values (ÿ¨100 and ¨100). Light grey area means that the value is higher than the upper
cut-off value (¨100).

Fig. 3.3 Comparison of traceability solutions. Note: distribution of cost savings for each
traceability solution in euros per month. The cut-off values are ¨0 and ¨100. Black area
means that the value is less than the lower cut-off value (¨0, cost increases). Mid-grey
area means that the value is between cut-off values (¨0 and ¨100). Light grey area means

that the value is higher than the upper cut-off value (¨100).
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e-nose together, the distributor platform has a 65% chance of losing more than

¨100, a 35% chance of saving between ÿ¨100 and ¨100 per month.

In Fig. 3.3, the cut off values are ¨0 and ¨100. The black area shows when

the distributor would increase cost (no cost savings). The e-nose or more than

one traceability solution in place would increase the chances of increasing cost.

When the three traceability solutions are in place, there is a 100% chance that

the cost will increase with respect to the current situation (before

implementation of a new traceability system).

As Figs 3.2 and 3.3 show, the last three combinations are most likely to result

in a cost increase. The two most profitable alternatives in Fig. 3.3 (machine

vision and NIR separately) are selected for sensitivity analysis.

Table 3.4 and Fig. 3.4 show the sensitivity analysis with respect to their price

penalty (a reduction in price when a box is rejected). After a box is rejected, the

producer or distributor needs to find an alternative outlet to sell their rejected

Fig. 3.4 Comparison of traceability solution price penalty scenarios. Note: distribution
of cost savings for each traceability solution in euros per month. The cut-off values are ¨0
and ¨100. Black area means that the value is less than the lower cut-off value (¨0, cost
increases). Mid-grey area means that the value is between cut-off values (¨0 and ¨100).
Light grey area means that the value is higher than the upper cut-off value (¨100).

Table 3.4 Price penalty hypothetical scenarios

Rejected box location

Price penalty scenarios At the reception Picking At the store

A 20% 30% 40%
B 30% 40% 50%
C 40% 50% 60%
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product. However, the rejected product would have less value, since it has

deteriorated (perishability) and it is not in optimal condition (it does not fulfil at

least one acceptance criterion). We identify three possible scenarios (A, B and

C), which differ in the level of penalty price (Table 3.4). For instance, in

scenario A, we assume a 20% price penalty at the reception level, 30% at the

picking level and 40% at the store level.

3.4 Conclusions and recommendations

Device profitability is highly dependent on the conditions of the specific

application, such as the current technological level of the company, type of

operation (farmer, distributor or retailer), product damage responsibility and

consumer willingness to pay a price premium for a higher level of food safety.

This chapter presents a stochastic simulation as an approach to conducting cost-

benefit analysis and assist decision makers to evaluate alternative traceability

solutions. The exercise shows how stochastic simulation can be used to include

some measure of risk associated with a set of potential new traceability devices.

With respect to future research, this analysis can be expanded to include other

players in the food chain, include some market structure determinants (market

power), different geographical areas and possible price premiums.
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4.1 Introduction

Recent international security reports assume that environments in both rural and

anthropogenic settings will be increasingly threatened by terrorism, or more

generally by criminal organisations (Nadasi et al., 2007). Structures and critical

infrastructures including water supply and distribution, agricultural soils, agri-

cultural chemical depots, farms and crops, urban infrastructures and agri-food

4
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factories are all vulnerable to attack (Chalecki, 2002). The strategic importance

of critical infrastructures and of natural resources has been recognised and their

protection considered from different points of view (Marmiroli et al., 2010).

Recent evidence of accidental contamination of vital resources has shown their

vulnerability and the impact that this may have on citizens and consumers. This

was absolutely devastating when food products were involved (Chalk, 2004).

Imagine what the public reaction would have been had events such as the

Chernobyl disaster of 1986 or the Gulf of Mexico oil spill of 2010 been the

result of terrorist attacks, or even had there been a suspicion of terrorist

involvement. Moreover, epidemics such as BSE or the spread of avian influenza

could be triggered by terrorists once the appropriate biological agents were

available to them.

Terrorism's principal aim is to attack resources which are not only critical

and vulnerable, but which also have the highest emotional impact: food supply

chains certainly belong to all of these categories. The term `food bioterrorism' is

generally defined as `an act or threat of deliberate contamination of food for

human consumption with chemical, biological or radionuclear agents for the

purpose of causing injury or death to civilian populations and/or disrupting

social, economic or political stability' (WHO, 2002). Food safety and integrity

concerns the population at large, and specifically the weakest, the young and the

old. Food is a fundamental human requirement, and any alteration or

adulteration of it has the highest psychological impact (Just et al., 2009). The

protection of the food supply chain could be considered as the mission of a

nation, and different countries have started developing `food defence' strategies

to prevent and mitigate against any malicious manipulation or alteration of food

carried out by terrorists, criminals and fantasists, and to counteract the adverse

effects. Food defence, or biosecurity, includes the use of advance measures

designed to reduce the risk of deliberate attack on the food chain. Any disruption

of food chain integrity can impact adversely on consumer trust, and can lead to

negative economic impacts, even if the incident has no bearing on public health.

4.1.1 Economic and political impact

In the age of the global economy, any attack on the agri-food system could have

such a severe psychological and emotional impact that it could trigger a change

in household spending patterns and business investment decisions. Deliberate

food contamination has enormous economic implications, regardless of whether

or not it affects public health. Disruption of the economic network has been the

motive behind some deliberate acts, targeted at products, manufacturers, or

industries: one such example was the poisoning of citrus fruits from Israel in

1978, to decrease the exports (Pate and Cameron, 2001). Real or perceived

terrorist threats also have a major impact on tourism and the movement of

people in general. Costs resulting from the consequences of these threats and

from measures taken against them are listed in Table 4.1.
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4.1.2 Disruption of the food supply chain

Disrupting or damaging the integrity of the food supply chain is possible at

several levels, directly or indirectly. In addition to primary production, produc-

tion lines, processing structures, the logistics system, stocks and retailers are all

major targets in the food supply chain. But food safety can also be compromised

through water resources, including inland waters, freshwater reserves, municipal

facilities and utilities, or through agricultural soils, targeting crop cultivation and

animal farming (Stamm, 2002). In addition, air contamination can lead to fallout

of hazardous agents on crops and food products.

Data regarding about 450 malicious incidents that occurred worldwide from

1950 to 2008 have been investigated (SecuFood, http://secufood.unicampus.it).

The analysis showed that in the data under investigation, the only evidence of

any terrorist attack against the food supply chain was the grapefruit contamina-

tion that occurred in 1989 in Israel (Pate and Cameron, 2001 and references

therein). However, in recent years there has been a steady increase in malicious

incidents caused by chemical, biological, radiological or physical contaminants.

Concerning contamination along the food supply chains, the highest percentage

happens at consumer level (58%), whereas 38% takes place within retail and

food service structures while the remaining 4% occur at harvesting level

(SecuFood, 2010). No incidents at production level were reported. According to

the results of interviews and questionnaires at industries that have suffered

sabotage incidents, the reported cases of attacks were due to: (i) fantasists, who

want attention, (ii) initiatives which pose no risk to human health, carried out by

Table 4.1 Economic costs incurred in cases of terrorism to food supply chains

Category of costs Notes

Diagnosis and surveillance Related to the specific event

Health care For those consumers that have been
affected by the contaminated food

Production losses, quarantine and
eradication

Due to the introduction of diseases

Decontamination At farm, processing, or distribution levels

Destruction of contaminated crops and
animals

To contain the spread of disease or
toxication

Compensation to producers For the destroyed goods

International prohibitions on exports or
increased regulation on the domestic
markets

Can be amongst the reaction measures

Income losses of farmers, food
processors, distributors and exporters

Due to drop in consumer confidence in
the safety of food products

Income losses of consumers Affected by higher prices of food
products
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non-governmental organisations to prove that sabotage is possible, (iii) claims

by internal company staff, and, less frequently (iv) terrorist attacks.

Coordinated intervention at different levels ± international, national, regional,

and local ± along with the role played by public and private stakeholders, is an

essential factor in counteracting food terrorism. A detailed analysis of the

legislation and organisations concerned with food defence showed that all

countries have specific legislation and agencies devoted to food safety that are

involved in early warning alert networks for food contamination. However, with

the exception of the UK, no country has specific legislation for food defence.

Though there are several mandatory constraints on food operators to improve

and guarantee food safety, specific requirements concerning food defence do not

exist. All the activities performed by food operators are on a voluntary basis but

their efforts are not coordinated. This means that the level of protection varies

significantly along the food supply chain. All sectors in the major food

industries have a high level of awareness of the damage that can be caused by

any deliberate attacks by criminals or terrorists. The more effective counter-

measures in preventing food attacks are considered to be area control, video-

surveillance and, mainly, traceability. However, the development of operational

procedures to promote and to facilitate effective coordination is essential, as is

the exchange of information between different types of stakeholders involved in

food defence, including within the government and between public and private

enterprise.

Table 4.2 Main biological threats for food and environmental terrorism

Category Examples Possible origin Dispersion means

Bacteria Bacillus anthracis,
Francisella tularensis,
Salmonella, Vibrio
cholerae, Yersinia
pestis

Contaminated soil or
water, infected
animals, foecal
contamination

Aerial dispersion,
water, sprinkling
dried bacteria,
spores

Viruses Alphaviruses,
noroviruses,
arenaviruses,
hantaviruses, Variola,
avian influenza,
calicivirus

Infected animals,
insect bites, direct
contact

Aerial dispersion,
infected arthropods,
direct contact,
infection of
livestock and crops

Fungi Coccidioides,
Phytophthora,
Puccinia,
Xanthomonas

Soil Inhalation of spores,
infection of crops

Protozoa Giardia lamblia Water Food contamination

Toxins Botulinum toxin,
aflatoxins, ricin,
saxitoxin

Inadequate
processing, fungal
contamination

Aerial dispersion,
food contamination
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Frequent examples of intentional contamination of food products derive

essentially from economic fraud and adulteration. But there are other examples

of accidental contamination which show that the extent of possible terrorist

threats may include: environmental contamination of agricultural land, chemical

contamination of raw materials and commodities, sabotage of production chains,

contamination during storage, logistics, and delivery of goods, contamination at

the level of retail distribution, on-the-shelf single product tampering and

adulteration (Manning et al., 2005). The effects of accidental contamination are

reminiscent of the effects caused by intentional contamination. It follows there-

fore that all the existing controls and protection that can be applied to the former

can also be applied to the latter. Table 4.2 lists some examples of biological

agents that could be used for the purposes of terrorism, classified into main

categories, bacteria, viruses, fungi, protozoa and toxins of biological origin.

These can be responsible for accidental or intentional contamination of food

products and of food-producing animals or plants (Marmiroli et al., 2010).

Depending on the nature of the potential hazards, the detection methods

deployed can be directed at specific contaminating organisms, at classes of

contaminants, or at the products of contaminating organisms.

4.2 Contamination of biological origin

Food supply chains are particularly sensitive and vulnerable as their constituents

come from a number of different natural sources with human intervention

involved. When foods are the target of intentional contamination, the most

vulnerable are ready-to-eat products in retail outlets or in public locations such

as cafeterias, bars and restaurants. In the USA in 1984 a radical group

contaminated salad bars in several restaurants with the pathogenic bacteria

Salmonella. The bacteria for the contamination had been isolated from standard

hospital laboratory material, and were purchased through a medical supply

company. The intentional nature of the outbreak was discovered only because

the perpetrators confessed, otherwise it would have simply been considered a

case of accidental food poisoning (Carus, 1998).

Agents for potential biological contamination of food supply chains (Table

4.2) include organisms responsible for diseases of humans, animals and plants,

from all biological groups: viruses, bacteria, fungi, protozoa and small

invertebrates. Additionally, toxins produced by some of these organisms can

be used as contaminants. Biological agents can be used to contaminate food

products, or in an attack on crops and farms, or can be dispersed in air and water.

When considering agents that could affect the integrity of a food supply chain,

we can also take into account examples which are not contaminants per se:

undeclared, unknown or undesirable ingredients (e.g. allergens).

All biological entities involved in production or processing, as well as many

contaminants, can be recognised by analysing nucleic acids or proteins present

in the product. Methods for identifying contaminants require accepted com-
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ponents or ingredients to be distinguished from unwanted or noxious com-

ponents. Recent research activities have focused on the development and testing

of innovative and reliable analytical methods for identifying biological

components present in food (Bufflier et al., 2007; Marmiroli and Maestri,

2007; Malorny et al., 2008; Poms et al., 2009; Reynisson et al., 2008; Carcea et

al., 2009). The application of detection methods can be useful in the control of

food supply chains, in assessing conformity to specifications and labelling, and

in assisting traceability. At the same time, these methods can be of help in

preventing and discovering forms of intentional contamination.

4.3 Detection methods for specific organisms

The identification of anomalous or unwanted biological components in food

products can be performed through the identification and classification of the

genetic material belonging to animals, plants or microorganisms (fingerprint),

utilised in producing or processing the food product. The search for pathogen

contaminants in food conventionally involves the isolation of microorganisms

from food, their growth or enrichment in selective media and their identification

with biochemical and immunological assays. The process can be long and biased

by false negatives. A different approach is the analysis of the nucleic acids,

either DNA or RNA, of the microorganisms that are believed to be contami-

nants. The use of quantitative real-time PCR (polymerase chain reaction) (qtRT-

PCR) can allow quantification of bacteria, and the unambiguous identification of

the bacterial species (example in Reynisson et al., 2008). Methods for

identification of Salmonella enterica, Listeria monocytogenes, Campylobacter

jejuni and Staphylococcus aureus could be applied to raw broiler meat (Fig. 4.1),

poultry carcasses, raw milk and other food products. Interest in qtRT-PCR for

food security purposes is dependent on their deployment in field conditions, as

with some portable RT-PCR systems. One example of these is the thermocycler

R.A.P.I.D. (Ruggedised Advanced Pathogen Identification Device) which has

been used successfully in field detection of pathogens such as Francisella

tularensis (McAvin et al., 2004). An essential step towards the implementation

of these applications is the development of DNA-extraction-free RT-PCR

methods, or of solid-state DNA extraction methods, to avoid lengthy procedures

before a diagnostic PCR analysis. An assay which does not require DNA

extraction has been proposed (Fyske et al., 2008): bacteria are collected from the

air into liquid substrate, lysed with silica beads and used for RT-PCR with

primer sets and probes specific for 16S rRNA or with species-specific primers.

Organisms that produce spores, such as Bacillus anthracis, the agent for anthrax,

present a particular problem; the extraction of DNA from spores requires harsh

treatments, such as sonication, freeze-thaw cycles, or hot detergents (Saikaly et

al., 2007).

Several innovative devices based on sampling and analysis of nucleic acids or

proteins have been recently developed for monitoring high-risk locations,
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especially for defence against bioterrorism (Regan et al., 2008). The Autono-

mous Pathogen Detection System (APDS) periodically concentrates airborne

particles (1±10�m) into a liquid. It then, performs multiloci detection of several

biothreat agents with PCR followed by hybridisation to pathogen-specific

microspheres recognised with fluorescence (Fig. 4.2). The system operates

autonomously for a week performing seven analyses each day.

Several different methods are available for rapid detection of multiple

pathogenic components at the same time. One of the most advanced is the use of

DNA microarrays for detection of pathogens (Sergeev et al., 2004). Target

Fig. 4.1 Real-time PCR analysis of Salmonella enterica with primers SA4, based on the
invA gene. (a) standard curve obtained with serial dilutions of Salmonella genomic DNA.

The equation of the regression line is reported. (b) Amplification plots of samples
containing from 100 000 to 1 copies of Salmonella genome.
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sequences amplified with specific primer pairs are hybridised on a chip with

several different oligonucleotides, each one diagnostic for a specific micro-

organism. The specific pattern of hybridisation in the different spots of the chip

surface provides information for the identification of the pathogens present in

the sample. The advantage of the microarray approach is in the simultaneous

analysis of several targets in one experiment, where hybridisation of target

DNAs to specific probes confirms the identity and therefore enables recognition

of the contaminant. A similar approach, but modified with a microfluidic cell for

hybridisation to reduce reaction volumes and times, has been developed to

identify L. monocytogenes, and S. aureus (Cretich et al., 2010). The target gene

for recognition was the 16S rDNA gene amplified with consensus primers

designed on conserved regions. Specific oligonucleotides targeted to variable

regions of the gene were instead used on the chip, printed at a concentration of

20�M in 5� 5 sub-arrays and inserted in a polydimethylsiloxane microchamber

connected to a fluidic system (Fig. 4.3). Based on the same approach, a

microarray in which results are shown with colorimetric reactions has been

developed, eliminating the need for an expensive fluorescence reader (Cretich et

al., 2010): amplified products carry biotin linked to one of the primers, and this

is recognised by streptavidin linked to alkaline phosphatase, which reacts with

the chromogenic substrate. Coupling microfluidics for DNA hybridisation and

colorimetric reading can provide innovative solutions for deployment of devices

near-line in critical points of the food supply chain and fast analytical devices

for screening in case of terrorist threats.

Fig. 4.2 Schematic representation of the Autonomous Pathogen Detection System
(Regan et al., 2008). The air sample prepared in the collector is subjected to PCR

amplification (1) and the amplicons are then hybridised to microspheres (2) labelled with
fluorescent dyes, which are then detected in the analyser (3).
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Fig. 4.3 Microfluidic microarray system for detection of pathogen bacteria (Cretich et
al., 2010). (a) Microfluidic cell for hybridisation of DNA microarray or immunoarray.
(b) Results of hybridisation of genomic DNA from bacteria on the microarray chip. The
spotting scheme shows the position of probes specific for Listeria monocytogenes (LI),
Staphylococcus aureus (SA), Campylobacter jejuni (CAM) and of universal probes

complementary to 16S rDNA (UNI).
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Fig. 4.4 Sensors for detection of contaminants. (a) General principle of biosensors,
showing the recognition element based on biomolecular components and the transducing

element converting the signal for data analysis. (b) Schematic depiction of the
functioning of the E-DNA sensor (Lai et al., 2006).
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Recently, DNA applied to biosensors (Fig. 4.4a) has been exploited as an

active component in the generation of the electric signal (Lai et al., 2006). The

E-DNA is an electrochemical biosensor, in which a DNA stem-loop labelled

with a molecule such as ferrocene is covalently attached to an electrode (Fig.

4.4b). The DNA strands are stabilised by thermostable GC pairs, and thus both

ends are near to the gold surface of the electrode. When the probe recognises

fragments amplified from the DNA extracted from the food products, the stem-

loop is disrupted producing a semi-quantitative electrochemical signal. Hepatitis

B virus has been detected with such systems, involving a 21 nt probe, methylene

blue as the hybridisation detector and voltammetry for signal detection (Erdem

et al., 2000). The interaction of methylene blue with immobilised ssDNA gives

enhanced voltammetric signals, whereas a decrease signals hybrid formation.

Detection of the pathogenic Mycobacterium tubercolosis with a carbon paste

electrode and 27±36 nt DNA has been reported (Wang et al., 1997).

Lab-on-chips are the most advanced applications of portable biosensors,

reproducing complex analytical techniques on small slides of a few square

centimetres (Whitesides, 2006). Their development was started by the Defence

Advanced Research Projects Agency (DARPA) of the US Department of

Defence in the 1990s, with the aim of developing field-deployable microfluidic

systems designed to serve as detectors for chemical and biological threats

(Cheng et al., 2009). Nowadays, many analytical techniques have been inte-

grated or associated with Lab-on-chip sensors including PCR, RT-PCR and

microarray. An extensive review of the application of lab-on-chips for detection

of pathogens has recently been published (Mairhofer et al., 2009). It is

recognised that the main advantages are found in the low limits of detection, in

the capacity for analysing complex matrixes, and in the portability of the

devices.

4.4 Detection methods for classes of contaminants

Electronic noses and tongues are sensors designed to mimic the sensorial

abilities of humans in detection of complex mixtures of chemical substances,

also of biological origin. They operate in a non-destructive procedure, assessing

properties of the sample related to volatile molecules and to dissolved com-

pounds, respectively. These devices work with a matrix of broadly selective

chemical sensors supported by software modules for intelligent data analysis.

Their structure mimics that of the mammalian sensory system, and can be

divided into three different parts: the identification system, the pattern

recognition system, and the sampling system with the matrix of sensors (Ciosek

and Wroblewski, 2007). In the electronic nose, each aroma is pumped across the

array of non-selective sensors, which are coated with different sensing materials.

The aroma induces a unique pattern of responses that is fed into a computer and

identified through algorithms, comparing the pattern with ad-hoc memory

banks. New e-nose models adopt nanogravimetric sensors, exploiting the
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properties of piezo-electric quartz crystals in order to measure very small mass

variation (nanogram order) on the surface of the quartz. The quartz-based

transducer, which can be used in both gas and liquid environments, consists of

an oscillator scale made of a piezo-electric system, which is in turn made of a

quartz crystal covered by a chemically sensitive material (Deisingh et al., 2004).

The Libra Nose detector has been applied to the tomato food supply chain for

evaluation of the maturity stage (Fig. 4.5). This instrument consists of a

thermostatic measuring chamber with an array of eight sensors, completed by a

pump with an adjustable flow rate which is controlled by software. The sensors

are resonant quartzes coated with patented poly-pyrrole-derivatives detecting

volatile organic compounds. With respect to applications of such technology in

food defence, electronic noses could be trained to classify volatile substances

associated with the presence of specific pathogens, as an aid in diagnosing

contamination (Wilson and Baietto, 2009).

4.5 Detection of products of biological contamination

In some cases it would be faster to directly detect the product of a con-

tamination, rather than identifying or detecting its source, be it biotic or abiotic.

If a toxin is a biologically active compound it is appropriate to develop methods

Fig. 4.5 Assembly of the electronic nose (Libra Nose) produced by Technobiochip
during tomato measurements in the TRACEBACK project.
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for the recognition of that compound; recognition of the organism is still a viable

option when detection of the toxic product is not feasible.

For faster analyses, which can also be carried out in field conditions for some

organisms, a lateral flow device can be of some use. This device is a combina-

tion of ELISA (enzyme-linked immunosorbent analysis) immunochromato-

graphic methodology and a detection signal based on changes in colour. It

employs colloidal, Au-labelled antibodies for pathogen (antigen) capture on a

pad: the antigen-antibody complex migrates on a membrane to the reagent zone,

which contains an anti-antigen- antibody. The antigen-antibody complex forms a

distinct red line. A second binding reagent is a control zone and forms a second

red line. The device is normally inserted in a plastic housing. This device allows

manual rapid screening for the presence or absence of some food-borne

pathogens, based on recognition of their proteins or other surface molecules. A

recent review by Ngom et al. (2010) reports on the applicability of such devices

to many organisms and toxins of interest to bioterrorism, with limits of detection

calculated in different exprimental conditions.

An immunoarray sensor for direct detection of bacterial toxins has been

developed by exploiting a microfluidic approach reaching limit of detection

(LOD) values of 14±147 pg/mL (Cretich et al., 2009). The targets were S. aureus

enterotoxins A and B recognised through interaction with polyclonal antibodies

linked to a glass chip. After binding, secondary monoclonal antibodies labelled

with a fluorochrome allowed detection in a fluorescence reader. Similar

applications have been reported for detection of bacterial toxins in sandwich

immunoassays: cholera toxin, ricin, shiga-like toxin 1 and staphylococcal

enterotoxin B, all of great interest in antiterrorism operations, which were

detected in mixtures containing 30 ng/mL of each toxin. The method utilised

luminescent semiconductor nanocrystals (quantum dots) conjugated to

antibodies in fluoroimmunoassays (Goldman et al., 2004).

Detection of biological contaminants in liquid samples can also be performed

without the use of labelling, with sensors based on surface plasmon resonance

(SPR) utilising specific capture by biomolecular recognition elements, i.e.

antibodies. SPR characterises innovative label-free optical immunosensors with

high selectivity and sensitivity; Taylor et al. (2008) report an increase of

sensitivity up to 50-fold in the recognition of analytes by immobilised antibodies

as compared to other immunosensing techniques, because of decrease in non-

specific binding by other components in the matrix. It is an optical sensor

exploiting electromagnetic waves (plasmons) on a normal range or on a long

range, to probe interactions between an analyte and the corresponding

recognition element immobilised on the sensor surface. The binding occurs on

a metallic sensor surface, inducing an increase in the refractive index of the

underlying polymer. Portable instruments are currently being developed for

different purposes, including environmental monitoring (Taylor et al., 2008).

SPR sensors can be functionalised with antibodies, oligonucleotides, peptide

nucleic acids, proteins and whole cells. Several applications of bacteria

detection have been reported (Taylor et al., 2008), including Escherichia coli
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O157:H7 (LOD 102CFU/mL), Salmonella (LOD 102 CFU/mL), Listeria (LOD

3:5� 103 CFU/mL), Yersinia (LOD 102 CFU/mL), Vibrio cholerae (LOD

3:7� 105 CFU/mL) and others. Extension to other organisms related to bioterror

can be foreseen. Enhancement of the signal for detection of low concentration

analytes can be obtained with fluorescent labelling and Long Range (LR)

surface plasmons (Wang et al., 2009). Recently, an LR-SRP sensor has been

applied to detection of the aflatoxin M1 in milk using antibodies as recognition

elements (Fig. 4.6, Wang et al., 2009). Aflatoxin M1 is the metabolite found in

secretions of animals which have ingested feed contaminated by aflatoxin B1,

produced by some Aspergillus strains. The limit of detection in milk was lower

by two orders of magnitude with respect to the level of aflatoxin prescribed by

legislation. Therefore this sensor is particularly well adapted for detection of

potential terrorist activity.

4.6 Conclusions and recommendations

Recently, reports of terrorist attacks have been steadily increasing, but the

analyses show that the targets of these attacks are shifting from high-profile

locations such as airports or stations, to so-called `soft' targets, such as those

represented by private properties, or individual citizens (Mohtadi and Murshid,

2009). Food supply chains are certainly amongst these soft targets, and therefore

forecasts point to an increased risk. Modelling of plausible scenarios has shown

Fig. 4.6 Immunoassay for aflatoxin M1 (AFM1) implemented in Long Range Surface
Plasmon Resonance (Wang et al., 2009). The graph shows the response of the sensor to
increasing concentrations of AFM1 dissolved in buffer (square symbol) or in raw milk

(circle symbol).
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that in cases of contamination of products with a short shelf-life, the effect may

extend to a higher number of people. This is a result of the fact that the time

required for forensic analyses is quite long and by the time an alert is issued

most of the contaminated products would already have been consumed (Hartnett

et al., 2009).

The time required for identification of pathogens or chemicals is a critical

issue, because it determines the speed and effectiveness of product withdrawal

and effective recall from the market or from availability to the public. In

particular, it is the identification of the affected foods which causes the longest

delay. A particularly clear example of this was seen in a 2008 event in the USA

± from April of that year several hundred people over 43 states were affected by

symptoms consistent with contamination by a Salmonella Saintpaul strain,

which was initially linked to consumption of raw tomatoes that according to

reports by patients were imported from Mexico. After an initial recall of

tomatoes from several supermarkets, authorities failed to match the bacterial

fingerprinting to any tomato samples. The genetic match was finally found in

jalapeno and serrano peppers, which were recalled starting from July 2008. But

the real cause of the outbreak was not discovered, and may in fact have been

related to several products. The episode highlighted some of the major problems

in ascertaining the origin of outbreaks:

· the length of time between contamination and the earliest reports of

poisoning,

· the false alarm over the wrong food product, and

· the difficulty in finding the real contaminated products and therefore in

issuing effective measures to deal with the problem.

It is recognised that the two major strategies against food terrorism are

prevention and response (WHO, 2002). The EC has issued a Green Paper on

Bio-preparedness (EC, 2007) stating that the existing framework for food safety

must be complemented by a new framework aimed at increasing security, pre-

venting terrorist acts and responding to both intentional and accidental

outbreaks. According to this document, the actions required are `early detection,

sound traceability systems, rapid control and eradication measures, contingency

plans and overall coordination' (EC, 2007).

One way to address the prevention issue has been identified in the form of the

HACCP procedure, where technology is used to detect pathogens or other

hazards. It remains to be seen whether this and other systems, developed to

prevent accidental contamination, can be equally effective against intentional

contamination.

As compared to other terrorist threats, such as dissemination of aerosols or

liquids, food contamination may seem to be more difficult to achieve, because

several links in the food chain should be subject to control and monitoring.

However, food is an ideal means of delivering contaminants to humans, since it

can reach a plethora of targets in many different ways, and previous cases have

shown that the control measures can be easily bypassed, either deliberately or
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accidentally. Most countries have some form of prevention and response

systems in place in relation to food safety (e.g. general food law and Rapid Alert

System for Food and Feed ± RASFF in Europe), public health (e.g. European

Communicable Diseases Network) or terrorism (e.g. European Programme for

Critical Infrastructure Protection ± EPCIP and Critical Infrastructures Warning

Information Network ± CIWIN). However, these systems rarely include any

consideration of food as a vehicle for delivering harmful agents for terrorism,

and even more rarely include any consideration of agro-terrorism.

It is certain that traceability along the entire food supply chain is essential to

complement any prevention measures. Speed in locating the source of

contamination and the identification of the product flow along the entire supply

chain is of utmost importance in performing an effective recall of contaminated

products. A complete integrated system which links on one side any information

about the history and movement of the products along all the steps of the chain,

and on the other side objective parameters of quality and safety measured at

critical points, would certainly increase preparedness towards intentional and

accidental threats (Opara, 2003). Monitoring of critical environmental resources

and food production areas in rural environments is also possible with remote

sensing coupled with artificial intelligence, and can provide additional

information for the security of the food supply chains (Wang et al., 2006).

A weakness in the system is the identification of a terrorist act, when this is

not clearly indicated as such. Time can be lost in collecting data from the public

health system, connecting instances of disease symptoms and tracing them to a

common source. It is very difficult to recognise symptoms of foodborne

pathogens or toxins, and an improved network of information collection is

required, involving hospitals, family doctors and pharmacists. This is outside the

scope of the present review, but it can be argued that improving the analytical

methods for detection (as described earlier) and awareness, can provide impetus

for the construction of these networks. Situational centres can provide the

environment for collecting data, sharing information and implementing systems

for support in decision making (Marmiroli et al., 2010).
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Understanding and monitoring pathogen
behaviour in the food chain
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of Ghent, Belgium, B. Biavati, University of Bologna, Italy,
J. Rovira, University of Burgos, Spain and L. Cocolin, University
of Turin, Italy

Abstract: Understanding and monitoring of microbial behaviour of
pathogens in the entire food chain is seen as one of the most important
prerequisites for a lower prevalence of foodborne pathogens. For this
purpose, novel methods have been developed to analyse the interactions of
pathogens and food and feed matrices at cellular and molecular levels as
well as contact surfaces in the food chain, including the intestinal tract of
farm animals. The methods are mainly based upon advanced techniques of
microscopy allowing analysis of single cells in time lapse studies and the
rapidly growing information available in the field of functional genomics.
Further emphasis has been given to development of functional mammalian
cell models to study host pathogen interactions and to select novel probiotic
cultures. Molecular culture-independent methods and microarrays are useful
in monitoring microbial behaviour in the food chain and are often superior to
the classical methods for detection of pathogens. Effective interventions to
break the transmission of pathogens along the food chain are addressed, with
special attention given to the present gap between food technology, hygienic
design and food safety. Finally, the fact that effective food safety
management is necessary for safe food is emphasised.

Key words: food safety, microbial behaviour, hygienic design, food safety
management.
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5.1 Introduction

Food production in Europe is generally very high-tech and has never been more

stringently controlled. However, the incidence of foodborne diseases is still

increasing. The significant investments to secure food safety by governments and

the food industry have not been fully successful according to the statistics supplied

by the European Food Safety Agency (EFSA, 2010). The provision of new and

essential information and methods on reduction in the prevalence of pathogens in

food has been a focus of PathogenCombat (www.pathogencombat.com).

Following a study of the establishment and behaviour of pathogens in the food

chain it has been concluded that risk assessment should not only be based upon

numbers of pathogens but also their behaviour. New and more rapid methods are

required to monitor and understand microbial behaviour, providing valuable

information. Understanding of the presence and behaviour of pathogens should be

linked with interventions to break the transmission of pathogens along the food

chain. In this regard, attention must be given to the present significant gap

between technology and hygienic design in food processing and food safety.

Interventions such as novel processing techniques (Rajkovic et al., 2010) and use

of protective and probiotic cultures (Gaggia et al., 2010a,b) are not described in

detail here but examples of successful applications in the food industry are

mentioned in the two references quoted. It should be emphasised that regardless of

new scientific information, novel detection methods and interventions in the food

chain, safe food and appropriate consumer protection can only be assured by

preventive measures applied in the entire food chain and the maintainence of

effective food safety management systems.

In this chapter three different approaches to improving food safety are taken:

· pathogens and pathogen detection methods

· hygienic design factors

· effective food management systems.

5.2 Novel platforms to understand the presence and
behaviour of pathogens in the food chain

The life of a pathogen in the food chain is predominantly a life within or on

structured matrices and seldom a planctonic life in free water or other liquids.

Furthermore, it is the life of the individuals where single cells have to adapt,

survive and in some cases initiate growth and form a micro colony within a

defined space of the structured matrix. Such a life is in strong contrast to studies

of pathogens in liquid laboratory media and analyses of pathogens relying upon

transfer from the food matrix to a laboratory substrate with subsequent counting

of colony-forming units. It is also in contrast to studies carried out with

populations of pathogens in laboratory media and laboratory incubation condi-

tions. Nevertheless, research on foodborne pathogens is mainly carried out under

such artificial conditions, and results from such studies may not reflect the true
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behaviour of the organisms in the food chain. This is still a significant gap in

European research in microbial food safety, but it has been addressed by

development of new methods to analyse the interactions at cellular and

molecular levels between pathogens and food and feed matrices, as well as

contact surfaces in the food chain, including the intestinal tract of farm animals.

Single-cell microbiology, as reviewed by Brehm-Stecher and Johnson (2004), is

seen as an important discipline behind these studies, resulting in a better under-

standing of when pathogens attach and de-attach, adapt, persist and express

virulence and resistance in the food chain. Methods using advanced microscopy,

(like optical tweezers, fluorescence ratio imaging microscopy (FRIM) and

atomic force microscopy (AFM)), and functional genomics can now be used.

Optical tweezers allows single microbial cell studies of attachment and de-

attachment to surfaces and has been used in food microbiology (Rasmussen et

al., 2008). FRIM, which allows in-situ time lapse studies of single cells, has

been extensively used to monitor viability and activity of cells of pathogens by

determination of intracellular pH (Budde and Jakobsen, 2000; Nielsen et al.,

2010; Gaggia et al., 2010b; Smigic et al., 2010; Kastbjerg et al., 2009). A

particular use of FRIM has been developed for rapid monitoring of the viability

of Mycobacterium avium ssp. paratuberculosis exposed to antimicrobial

compounds (Gaggia et al., 2010b). It avoids the extensive incubation times

needed for cultivation of this bacterium. AFM has been applied to studies of

interactions between pathogens and food contact surfaces to obtain information

on the effect of defined topographic features on surface hygiene and cleanability

(Verran et al., 2010c). The results obtained have challenged the traditional use

of colony-forming units to determine survival of pathogens.

Mammalian functional cell models based upon true epithelial cells have been

used to study host±pathogen interactions and for selection of protective and

probiotic cultures to inactivate pathogens, including viruses as reviewed by

CencieÁ and Langerholc (2010). An example of actual use of the cell models is

described by Maragkoudakis et al. (2010a,b) and Pogacar et al. (2010).

The functional genomic platform has a strong impact on the molecular

techniques for determining the behaviour of pathogens and the various detection

methods, as described in the following.

5.3 Importance of number and behaviour of pathogens for
risk assessment

The new challenge for food microbiologists that emerges in the meta-genomic era

is understanding of the molecular mechanisms of virulence of foodborne pathogens

in vitro and in vivo. Previous knowledge, coupled with data from the recently

completed and ongoing sequencing projects (http://www.ncbi.nlm.nih.gov/sites/

genome), have identified several potential virulence factors. As virulence factors,

we consider both pathogenicity characteristics that are directly related to disease

symptoms (e.g. the Shiga-like toxin produced by pathogenic Escherichia coli) as
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well as attributes of foodborne pathogens that allow them to survive and respond to

the environmental stresses encountered during food processing, distribution and

most importantly, after ingestion and within the human body. These factors will

determine if a bacterium will eventually be able to cause a disease. Based on DNA

sequences and genome mining, several genes, encoding potential virulence factors,

can be identified. The goal now is to determine if these genes are expressed in any

of the stages `from farm to fork', and if so, whether the synthesised proteins are

acting in the predicted way and contribute to the disease.

Global approaches are now available that permit scientists to look into the

total RNA synthesised in the cells (transcriptomics, Chatterjee et al., 2006) and

the total proteins produced by the cells (proteomics), at any given moment or

condition. These are powerful techniques that allow target genes that may

require further investigation to be pinpointed.

Some of the approaches that scientists have available to study aspects of the

behaviour of pathogenic microorganisms are reverse transcription ± quantitative

polymerase chain reaction (RT-qPCR) and microarrays. RT-qPCR offers the

possibility to quantify the expression of target genes in an accurate manner

(Kubista et al., 2006; Sharkey et al., 2004). It is a qPCR method that is preceded

by an enzymatic reaction, carried out by a reverse transcriptase, an enzyme that

synthesises complementary DNA (cDNA) from an RNA template. The most

common approach, employed for the study of the expression of a potential

virulence target gene, is the definition of the comparative (or relative) gene

expression (Sue et al., 2004, Werbrouck et al., 2006). The expression of the

target gene(s) is measured, by qPCR, under controlled conditions that resemble

the food environment or the human intestinal environment. The expression of

the target gene may be increased, decreased or remain stable. Up-regulation of a

target gene under conditions that resemble the food environment can be a strong

indication that this gene is important for the adaptation of the microorganism in

this particular environment. On the contrary, a gene that is down-regulated is

considered not essential, under these conditions. This strategy has been used to

study virulence and stress responses of foodborne pathogens in synthetic media

(Olesen et al., 2009; Critzer et al., 2008), as well as in real food matrices.

Although expression studies in foods are scarce, the first evidence gathered

strongly suggests the need to perform gene expression experiments in real food

samples instead of standard broth systems (Rieu et al., 2010; Olesen et al.,

2010). The general trend emerging from these studies is that relative

transcription of certain virulence genes is higher in laboratory broths compared

to real food matrices. Furthermore, previous studies suggest that a food matrix,

in particular a meat-based food matrix, may influence virulence potential of

Listeria monocytogenes, possibly through down-regulation of virulence genes

(Mahoney and Henriksson, 2003).

Powerful tools to study expression behaviour of foodborne pathogens are also

represented by microarrays that allow global monitoring and description of the

adaptation strategies and the virulence potential in one specific environment. So

far, microarrays have been used extensively in vitro (Wang et al., 2010; Zhang et
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al., 2010), but in situ applications are still very rare. One example includes a sub-

array containing 54 genes of L. monocytogenes, encoding for virulence, adhesion

and stress response genes, to study the effect of different environmental

conditions and food matrices on the expression of its virulence genes (Rantsiou et

al., 2010a). To achieve this, different strains of L. monocytogenes were grown in

vitro, at different temperatures, pH and salt concentrations. Following this, they

were artificially inoculated in different food matrices, to simulate the conditions

of `virulence' of this microorganism at time of consumption. The results obtained

in this study underlined extreme heterogeneity within the L. monocytogenes

species and differences in terms of number and expression of genes when strains

were inoculated in fresh meat or in fermented sausages.

The possibility to study the behaviour of foodborne pathogens in situ will

allow a better comprehension of the risks associated with a specific category of

food, in terms of composition (pH, Aw, salt), storage temperature and

atmosphere. New information can be generated that in the future will substitute

the classical risk assessment based on the numbers of pathogenic micro-

organisms. Application of these approaches has highlighted differences in

virulence expression between strains of the same species, thereby introducing

new parameters that must be evaluated rather than determining the colony-

forming units per gram or millilitre.

Availability of such data will elucidate the molecular mechanism by which

foodborne bacteria elicit disease and furthermore, will allow: (i) design of tools

in order to predict the risk related with the presence of foodborne pathogens in

food, and (ii) to develop intervention strategies to reduce such risk.

5.4 Rapid detection methods

In the last 10 years, new approaches to study microorganisms in food systems

have taken advantage of technological advancements in the field of molecular

biology. In the late 1980s, the polymerase chain reaction (PCR) was invented,

thereby opening a new area in the microbiological analysis, especially when

pathogens have to be detected. The philosophy of the molecular methods is not

cultivation, but the direct analysis of the nucleic acids. In this way, total DNA

and/or RNA are extracted from the sample and subsequently subjected to

analysis in which a specific target, often solely present in the microorganism

under investigation, is searched for and amplified. Methods that are based on

PCR can be culture-independent since the nucleic acids can be isolated without

any cultivation. However, there is a risk of detecting dead cells that must be

mitigated against. If prior to DNA or RNA extraction, an enrichment step is

performed, the method can be considered partially culture-independent. Enrich-

ing the sample is a common practice in microbiological analysis, including food

examinations, when PCR methods are used as detection systems. It facilitates an

increase in the number of target species and, in the case of food systems, it helps

by diluting compounds present in the samples that are inhibitory towards the
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activity of the DNA polymerase, the enzyme responsible for the synthesis of the

DNA molecules during PCR.

The application of PCR-based methods in food microbiology allows the

development of protocols that are faster, more sensitive and more specific than

traditional microbiological methods for the detection and identification of

foodborne pathogens. Normally, the result on the presence or absence of a

specific bacterium is obtained after 3±4 hours or at most 24±36 hours if an

enrichment step is carried out.

`Conventional' PCR protocols, where the amplification products are detected

by gel electrophoresis, have a big disadvantage, being exclusively qualitative.

Following specific technological advancements that allow detection of a PCR

product while it is being produced and amplified, PCR became a method that

allows quantification. This technique, called quantitative PCR (qPCR) or real

time PCR (Rt-PCR), revolutionised molecular approaches in food microbiology.

While `conventional' PCR can be used only to determine the presence or the

absence of the specific pathogen in food, with qPCR it is also possible to

perform a quantification (in terms of cells per g or ml). Furthermore, in the

quantification assays, both DNA and RNA can be quantified. If DNA is

extracted and analysed, qPCR can be used for quantification of the total number

of the cells of the pathogen without differentiation between dead and live cells.

On the other hand, if the RNA is extracted, qPCR gives the possibility of

quantifying exclusively cells that are alive. Of course in this last case, the

extracted RNA will have to be reverse transcribed and then amplified. This last

possibility is important in the case of foodborne pathogens. The approach of

food industries towards foodstuffs should be different depending on whether

pathogens are live or dead.

As a basis of quantification there is the construction of a calibration curve. In

the case of food samples, it should be pointed out that, because of the extreme

heterogeneity of the food matrices, it is not possible to construct a generic

calibration curve to use for quantification. Specific curves, one for each food

matrix to be considered in the analysis, should be prepared. One major problem

related with the construction of calibration curves in food samples is the

availability of nucleic acid extraction methods that will result in PCR-grade

DNA and RNA. The necessity of removing all inhibitory compounds from the

extract becomes extremely important when considering qPCR. Because of its

great sensitivity, the presence of small quantities of inhibitors may result in

lower efficiencies, thereby underestimating the real quantity of nucleic acids

present in the sample.

In the last five years a number of papers were published on the application of

qPCR to quantify foodborne pathogens in foods (Rantsiou et al., 2008, 2010b;

He and Chen, 2010; Kawasaki et al., 2010; Josefsen et al., 2010; Wang and

Mustapha, 2010). It is interesting to note that apart from the use of qPCR in food

analysis, it is only very recently that the method has been proposed as a tool to

detect pathogenic microorganisms in food processing plants. Alessandria et al.

(2010) and OseÂs et al. (2010) exploited qPCR for quantification of L.
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monocytogenes in a dairy plant and Shiga-like Toxin producer Escherichia coli

(STEC) in the lamb food chain, respectively. In both studies it was shown that

traditional microbiological methods underestimated the numbers of pathogens

contaminating environments. When surfaces of cheese packaging machines

were analysed, no isolates could be detected by traditional microbiological

methods. However, the application of qPCR highlighted populations of L.

monocytogenes higher than 105 colony-forming units/cm2 (Alessandria et al.,

2010). Processing conditions are often stressful for microorganisms, thereby

they can provoke the loss of capability to grow in synthetic media. This state,

described as viable but not culturable (VBNC), is of particular concern in the

food industry because it is impossible to control with traditional, culture-

dependent methods (Rowan, 2004). The application of second-generation PCR

methods can help food business operators by contributing to a better

understanding of persistence of foodborne pathogens in processing plants, and

of possible routes of transmission.

5.5 Hygienic design factors affecting fouling and cleanability
of food contact surfaces

Many of the basic concepts of food hygiene, hygienic design and hygienic

practice in food production are well known and easily accessed (for example,

European Hygienic Engineering and Design Group (EHEDG) guidelines:

www.ehedg.org). However, during extensive visits to food-processing organisa-

tions around Europe, it was noted that many new CE-marked food process

equipment did not comply with the hygiene provisions of the Machinery

Directive which has been in force for more than a decade (Cocker, 2010). This

supports indications that about 30% of outbreaks of foodborne disease are linked

to cross-contamination in the food chain. Efforts therefore should be aimed at

reinforcing the hygiene provisions of the Directive and improving the environ-

ment so that the risks associated are minimised. Faulty hygienic design and poor

hygienic practices will lead to fouling or formation of biofilms and two aspects

affecting surface hygiene will be explored in more detail here: surface

topography, and the presence of organic food soil.

5.5.1 Surface topography and cleanability

Novel information obtained in this field is based upon newly developed methods

as described in the following. The wear of a hygienic surface can alter its

topography and reduce cleanability. Earlier work has shown that typical wear of

stainless steel did not affect retention of microorganisms, but increased retention

of food soil (Verran et al., 2001). Focusing on specific features (`pits') it was

subsequently demonstrated that the relationship between feature diameter, size

of microorganisms and contact area was key in determining the strength of

retention of cells on the surface (Whitehead et al., 2005). Further, a novel
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impression technique has been developed, whereby acetate sheets softened with

acetone were pressed onto a range of new and used stainless steel surfaces,

allowed to harden, and then removed and examined using scanning electron

microscopy and AFM, thus enabling characterisation of surface features in situ

(Verran et al., 2010a).

The retention of L. monocytogenes, Escherichia coli, and Staphylococcus

sciuri, a species related to Staphylococcus aureus, on test surfaces presenting

regular linear features of 1.0 and 0.5 micron diameter (dimensions that related to

features identified on in-use surfaces) was assessed. Briefly, the method

involved incubating the surfaces with standardised cell suspensions for one hour,

after which the substrata were removed from the cell suspension and rinsed.

Retained cells were observed either using scanning electron microscopy (SEM),

or were stained with acridine orange and observed via epifluorescence micro-

scopy, and counted, to give an indication of the amount of retention (Verran et

al., 2010b), thus enabling relationships between cell size and surface feature size

to be identified, and facilitating more detailed specification of the properties of

hygienic surfaces.

The strength of attachment of cells to surface was assessed using AFM,

whereby an increasing lateral force is applied via the cantilever until cells are

removed from the surface (Verran et al., 2010c). The method enables properties

of cells, surfaces and cleaning regimes to be compared regarding surface

cleanability and hygiene.

It was shown that the retention of cells on surfaces was affected by the area of

contact between cells and features. Thus the parameters used to describe

topography were not sufficient to explain observations ± data on the cell size and

shape, and their relationship with features on the surfaces were required.

Interestingly, E. coli was very easily detached from the titanium surfaces. To

explore this further, stainless steel surfaces were coated with titanium, enabling

comparison of surface chemistry with the same underlying topography, in

contrast to previous work where the topography differed but the chemistry was

the same. Again, E. coli was not retained on the titanium coated surface (Verran

et al., 2010a).

5.5.2 Presence of organic food soil

In situ, it is highly unlikely that microbial cells will be found on a food contact

surface in isolation from food material. Therefore, assessment of the removal of

cells from surfaces via cleaning and disinfection regimes should include some

indication of the interaction of organic material with the cells, and with the

cleaning and disinfection agents themselves. As reported by Verran et al. (2006),

methods for detection of microorganisms do not include assessment of organic

material, and methods for detection of organic material do not include

microorganisms. Hygiene monitors, for example via bioluminescence, give an

indication of the status of the surface, but do not discriminate between cells and

soil. Thus a method using fluorescent stains that would differentiate between
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cells and soil on surfaces and enable, via image analysis, separate assessment of

the presence and removal of these two components from the surface was

developed and evaluated. The method proved successful in differentiation. Not

surprisingly, soil covered the surface more extensively, and was harder to

remove (Whitehead et al., 2008, 2010).

The differences observed between titanium and stainless steel in terms of

cleanability also indicate avenues for future work in the development of novel

surfaces. The impression technique as an indirect method for assessing

topography, and the importance of feature/cell size helps clarify

characteristics of cleanable surfaces. The evaluation of novel methods for

visualisation of soil has been of direct benefit to food companies involved in

method development. A range of methods are described and compared by

Whitehead et al. (2008).

5.6 Effective food management systems for ensuring safe food

Nowadays, companies have implemented various Good Manufacturing Practices

(GMP) and Hazard Analysis Critical Control Point (HACCP) guidelines into

their own food safety management system (FSMS). Important guidelines and

quality assurance standards are General Principles of food hygiene (Codex

Alimentarius 2003), ISO 9001:2008, ISO 22000:2005 (http://www.iso.org/iso),

BRC (http://www.brc.org.uk), and IFS (http://food-care.info) (Jacxsens et al.,

2009; Luning and Marcelis, 2009a).

The performance of such systems in practice is, however, still variable.

Moreover, the continuous pressure on FSMS performance and the dynamic

environment wherein the systems operate (such as emerging pathogens,

changing consumer demands, developments in preservation techniques) require

that they can be systematically analysed to determine opportunities for

improvement (Luning et al., 2009). There are various tools that support food

companies in systematically analysing their FSMS and its microbiological

performance as a basis for strategic choices on interventions to improve the

FSMS performance. The major tools that have been developed are described in

the following.

5.6.1 Food safety management system diagnostic instrument (FSMS-DI)

A diagnostic tool (FSMS-DI) has been developed using a techno-managerial

research approach to consider both technological factors and people behaviour

in the performance of food safety management systems (Luning and Marcelis,

2009a,b; Luning et al., 2008, 2009; Jacxsens et al., 2010). The FSMS-DI is a

tool that enables a systematic analysis and assessment of a company's unique

FSMS independent of the Quality Assurance (QA) standards and/or guidelines

that have been implemented. The instrument consists of comprehensive lists

with sets of indicators to analyse, respectively, which core control and core
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assurance activities are addressed in the company-specific FSMS, which major

contextual factors could affect FSMS performance, and to analyse the

microbiological safety performance of the system.

The principle behind the FSMS-DI is that companies that operate in a more

vulnerable, uncertain, and ambiguous situation (due to, e.g., highly risky

products and processes, less supporting organisational conditions) require a

more advanced (higher level) FSMS (i.e. based on precise information,

scientifically underpinned) to be able to realise and ensure stakeholders that

safety requirements on their products are met (Luning et al., 2009). Different

scenarios can take place, i.e. a company in a simple, undemanding environment

(i.e. low risk context) has no need for a complex and sophisticated FSMS (i.e.

basic FSMS) in order to obtain a high food safety output (i.e. high food safety

level). While a company operating in a complex demanding environment needs

to have a robust, tailored and sophisticated FSMS in order to obtain a high food

safety level. The food safety level can be analysed by using the food safety

performance indicators (part of FSMS-DI) (Jacxsens et al., 2010) and can be

really measured by using a microbiological assessment scheme (MAS) as

described below.

5.6.2 Microbiological assessment scheme (MAS)

The MAS tool is a procedure that defines the identification of critical sampling

locations (CSL), the selection of microbiological parameters, the assessment of

sampling frequency, the selection of sampling method and method of analysis,

and finally data processing and interpretation. The principle behind the MAS

tool is that low numbers of microorganisms and small variations in microbial

counts indicate an effective FSMS (Jacxsens et al., 2009). Also, a MAS analysis

method selection tool has been developed, which can assist the process of

decision making regarding selection of microbial analysing methods in specific

situations. A comprehensive review of literature regarding different enumeration

and detection methods was performed. Based on this review, specific method

characteristics were determined that have been used as parameters in the

selection tool (Jasson et al., 2010).

The two outputs of MAS (i.e. evaluation of each microbiological parameter

in a specific CSL and the microbial safety level profiles) give insight into the

actual microbiological status/performance of the current FSMS of a company.

First, the MAS results give information concerning the performance of a specific

control activity in a FSMS. Secondly, the microbial safety profiles provide

additional information concerning the nature of the microbiological problem.

The microbial safety profiles can also be used to compare the current micro-

biological performance of different companies with the same type of production

processes and food products as benchmarking tools. As such, microbiological

problems in a sector can be identified, independent from company level. For

more details the reader is referred to Jacxsens et al. (2009, 2010), and Sampers

et al. (2010).
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5.6.3 Food safety management system support web tool

To support companies in improving their FSMS, they need to have access to

information, knowledge, and experience about these tools. In this perspective, a

FSMS support web tool was developed to provide information in a systematic

way. Information related to control and assurance principles is available,

supporting tools to improve control and assurance activities (like new

enumeration, detection and monitoring techniques for pathogens, new

intervention techniques and methods, protocols and procedures on sanitation,

validation, verification, microbial assessment, etc.), principles and structure of

acknowledged quality assurance standards and guidelines, and legislative

requirements. All tools are available online for SMEs to use

(www.pathogencombat.com).

5.7 Conclusions

These scientific achievements and novel methods and technologies are expected

to have a substantial impact on food safety if they are implemented in the entire

food chain. This applies to the control systems used in the public and private

sectors. At present they rely heavily, and sometimes exclusively, on conventional

microbiological testing and sampling, which in many cases make the testing

inefficient and for some samples result in false negative results. With the

availability of rapid molecular methods for detection of pathogens and their

behaviour, at the critical points of the entire food chain, the control systems can

be made more effective and hence less costly. In particular, a change is

introduced from food safety initiatives being largely retrospective, to becoming

preventive and predictive with less emphasis on end product testing and more

emphasis on critical points in the food chain. Information on the behaviour of

pathogens and their numbers is important to improved food safety, but it is also

imperative that interventions are implemented to prevent the transmission of

viable and virulent pathogens along the food chain. In this regard, priority should

be given to hygienic design and processing systems including cleaning and

disinfection, novel processing technologies including the potential use of

probiotic and protective cultures and not the least effective food safety

management systems. `Human behaviour' is as important as `microbial

behaviour' and needs to be addressed in food safety management to be effective.

It should also be mentioned that food safety management can be applied by a

company with the purpose to provide documentation for a competitive advantage

in claiming that a food will be produced with low or `zero' level of a defined

pathogen. This has been done successfully by Scandinavian companies offering

Samonella and Campylobacter `free' fresh chicken, which also demonstrates that

it is possible to ensure food safety at farm level including supplies of feed. It is a

good example of the necessity of the involvement of the entire food chain.

Unfortunately innovation and technology transfer to public and private

organisations is often hindered by a variety of issues. Nowadays, removal of
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these barriers and the improvement of science-based knowledge transfer are

seen as the main driver of economy growth (Baardseth et al., 1999). It is

estimated that a major fraction of the food sector does not carry out any research

activity, because a large number of businesses are small and medium sized

enterprises with no appropriate facilities, and the employees are entirely

focussed on the production chain. In addition, such companies have to deal with

the demand for safer products and higher quality, as well as an increased

competition. To overcome these challenges, new technologies have to be

introduced and the dialogues between research and industry need to be improved

(Anonymous, 2009; Braun and Hadwiger, 2010).
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Foodborne viruses: understanding the
risks and developing rapid surveillance
and control measures
J. Hoorfar and A. C. Schultz, Technical University of Denmark,
Denmark, D. N. Lees, Centre for Environment, Fisheries and
Aquaculture Science, UK and A. Bosch, University of Barcelona,
Spain

Abstract: Viruses are increasingly recognized as pathogens involved in
foodborne infections. The viruses most adapted and likely to be carried in
this way are those transmitted by the faecal-oral route. These include viral
agents causing gastro-intestinal disease in humans such as noroviruses
(NoV), but also agents such as hepatitis A virus (HAV), which, although
being transmitted by the faecal-oral route, exhibit their classical clinical
symptoms elsewhere in the body. Data from a Europe-wide study of NoV
outbreaks illustrate that outbreaks are commonly detected in all countries
that have sufficient diagnostic capacity and undertake systematic evaluation
of outbreaks of gastro-enteritis other than for bacterial infections. Experience
with other pathogen/food matrix combinations has demonstrated the necessity
to establish sampling strategies in order to undertake effective monitoring of
foodstuffs for risk management and control purposes. The ultimate goal in
source tracing is the possibility to rapidly type the isolates. This is
particularly relevant for the highly variable NoV, which together with HAV,
is the main target for detection in food.

Key words: norovirus, hepatitis A, shellfish, fresh fruits, berries, irrigation
water, food processing, surveillance, methods, standardization.
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6.1 Introduction

Viruses are obligate intracellular parasites depending on living cells for replica-

tion. Viruses cannot multiply in dead or processed food and therefore are not

responsible for food spoilage. Viral problems are thus limited to the role of food

in passive transfer of viruses to humans. The viruses most adapted and likely to

be carried in this way are those transmitted by the faecal-oral route. These

include viral agents causing gastro-intestinal disease in humans such as noro-

virues (NoV), but also agents such as hepatitis A virus (HAV), which although

being transmitted by the faecal-oral route exhibit their classical clinical

symptoms elsewhere in the body.

Infected individuals shed large amounts of gastroenteric viruses (such as

NoV), which are infective at low doses hence the danger from infected food

handlers, from faecal contamination of irrigation water, or shellfish harvesting

area by sewage (Formiga-Cruz et al., 2002; Lodder and de Roda Husman, 2005).

Viruses can contaminate food at source through faecal pollution of the

environment, through poor hygiene during food handling or processing.

Since viruses are inactivated by thorough cooking, the foods often associated

with viral illness are ready-to-eat or fresh produce contaminated during food

handling, or uncooked or lightly cooked foods exposed to faecal contamination

during primary production. Examples of the latter are salad crops or berries

exposed to, for example, contaminated irrigation water (Bosch, 1998; Vasickova

et al., 2005) and filter-feeding shellfish (such as oysters) exposed to sewage

contamination in their growing areas (Lees, 2000; Pinto et al., 2009; Sanchez et

al., 2002). Zoonotic viruses of food animals, such as HEV, are also a potential

risk either through direct consumption of inadequately cooked infected meat

products or following environmental contamination of food products with

animal faeces during primary production (Feagins et al., 2007; Li et al., 2005;

Tei et al., 2003).

Viruses are increasingly recognized as pathogens involved in foodborne

infections. In 1999, a report from the Centers for Disease Control and Prevention

(CDC) estimated that 67% of all foodborne illness in the US could be attributed

to viruses, particularly NoV and HAV (Mead et al., 1999). For HAV, the

proportion of infections that is foodborne was estimated to be 5%, but the

potential for larger outbreaks is increasing as a result of decreasing population

immunity to these viruses. For NoV, the proportion estimated to be foodborne

was 40%. These viruses have a significant impact due to the high incidence of

infection in the community, their propensity to cause illness in people of all age

groups (Green, 2007), and the potential for causing outbreaks that can be highly

disruptive when they occur in institutions such as nursing homes or hospitals.

Large international foodborne outbreaks of NoV and HAV have occurred.

Such outbreaks may be difficult to detect, in the absence of sustained sur-

veillance and international sharing of data (Koopmans et al., 2003). Data from

surveillance of outbreaks of viral gastro-enteritis have suggested that NoV

illness is increasing in incidence, possibly due to emergence of viruses that have
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acquired mutations providing an advantage over resident virus populations

(Kroneman et al., 2006; Widdowson et al., 2005).

While there is consensus about the importance of NoV as a cause of food-

related illness, estimating its true extent is difficult due to its transmissibility. As

a result, outbreaks resulting from a common source event will rapidly present as

secondary person-to-person infections when the initial seeding of infection has

not been detected. This is where the use of molecular tracing will provide

valuable information for estimating the true size of foodborne outbreaks. A

recent study on NoV genotype profiles seen in all outbreaks suggests that a

foodborne attribution may be significantly under reported (Verhoef et al., 2010).

In this approach, a key property that is used is that viruses with an RNA genome

change during subsequent rounds of replication by accumulation of mutations.

Therefore, based on the genetic diversity observed in viruses detected in cases

and in food items, their level of relatedness can be estimated, provided this

approach has been validated in known transmission chains.

The other faecal-oral transmitted virus of major significance in human

outbreaks is HAV. HAV is a common endemic infection in developing

countries with most children being seropositive by 6 years of age. However,

improving sanitary conditions in developed countries have lead to declining

prevalence and resulted in large sectors of the population being susceptible to

infection. HAV can be readily demonstrated in stools by molecular techniques

(Yotsuyanagi et al., 1996) and has also been demonstrated in sewage effluents

and polluted receiving waters (Tsai et al., 1994). Thus food products

susceptible to contamination, such as bivalve molluscs, berries and lettuce,

have frequently been implicated as food vehicles in outbreaks (Bosch et al.,

2001; Conaty et al., 2000; Desenclos et al., 1991; Ethelberg et al., 2010;

Falkenhorst et al., 2005, Le Guyader et al., 2004; Pinto et al., 2009; Sanchez et

al., 2002). The main question the present review is addressing is what do we

miss in order to understand the risk and develop rapid methods to improve the

control and surveillance strategies for foodborne viruses. Part of this question,

which was related to norovirus in bottled water, was addressed in the EU

funded project www.biotracer.org.

6.2 Occurrence and epidemiology

The most commonly identified virus health risk in foods is from human enteric

viruses spread by the faecal-oral route. The viruses most commonly identified in

illness reports world-wide are NoV causing gastro-enteritis and HAV. Threats

from new or emerging zoonotic viruses, such as hepatitis E virus (HEV), are also

a cause for concern. These viruses present a new significantly underestimated

challenge for food safety regulators, scientists and producers world-wide. They

present a hazard in very small numbers, they cannot be detected or measured by

conventional food microbiology techniques, and no (or very little) information is

available on their behaviour, occurrence or control in food commodities. Even
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knowledge about the extent of human illness is patchy and subject to large

variation in estimates. Because of the technical limitations for virus detection

and measurement, food controls cannot currently directly address the virus risk,

even where this is explicitly identified for a food commodity. Instead the risk is

tackled through non-specific faecal indicator controls, such as setting food

quality standards for E. coli (as a faecal contamination indicator). However, it is

now well recognized that this approach is inadequate to contain the risk from

human enteric viruses. Many documented outbreaks have occurred, where the

foods are fully compliant with the legislative faecal indicator sanitary standards

(Lees, 2000; Pinto et al., 2009; Sanchez et al., 2002).

However, recent technical breakthroughs, particularly in molecular methods

for viruses, offer new possibilities for improving scientific understanding and

thus building, for the first time, specific defences against viral contamination of

food supplies. PCR has offered the requisite sensitivity for detection of the low

levels of virus commonly present in at risk food commodities such as bivalve

shellfish or raspberries contaminated during primary production or following

contamination by a food handler (Costafreda et al., 2006; Jothikumar et al.,

2005b; Le Guyader et al., 2009; Pinto et al., 2009). Molecular sequencing has

enabled virus strain characterisation and facilitated epidemiological insights into

routes and causes of foodborne disease outbreaks, human disease burden and

impact of the foodborne transmission route.

6.3 Clinical manifestations

Noroviruses are infectious to humans by the oral route and as low as 18±1000

particles can cause infection (Teunis et al., 2008), replicate in an as yet unknown

location (probably in the intestinal tract) and are shed in amounts of up to 1011

viral particles per gram of stool. Peak shedding is seen in the first days following

infection, but can continue for over 3 weeks, especially in young children.

Asymptomatic infection is common, and matters are complicated further by the

fact that people without symptoms may shed similar amounts of virus as ill

persons (Graham et al., 1994). NoV cause gastro-enteritis, often including

nausea, diarrhoea, vomiting, fever and abdominal pain (Kaplan et al., 1982). The

incubation period is 1 to 4 days with a duration of about 2 days and generally

followed by complete recovery. Overall, the illness associated with NoV

infections may be mild, but more severe illness can be observed when outbreaks

occur in risk groups such as the elderly or persons with cardiovascular or renal

disease (Mattner et al., 2006). Protracted illness has been observed in transplant

recipients persons with impaired immunity (Huffman et al., 2003; Nilsson et al.,

2003). Once the virus exits the host, via stool or vomit, it remains infectious for

periods up to several months depending on the circumstances. Finally, many

distinct lineages of NoV exist, that differ in the make-up of their genes and

proteins, their capacity to bind to the host cells, and the immunity that they

induce (if any) (Green et al., 1998).
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Based on these basic parameters, it is easy to understand why NoV infections

are so difficult to control. Important missing data are the levels of shedding of

NoV in people at different intervals following infection, and what proportion of

those infected develop a protracted form of infection. Cases that shed NoV for

months have anecdotally been reported, and understanding how common this is

may be crucial to understanding the epidemiology of NoV (Nilsson et al., 2003).

Also, since there is no established cell culture system for routine NoV assay,

studies providing estimates for the viability of viruses that are shed are crucial

(Duizer et al., 2004).

HAV infection mostly develops asymptomatically or subclinically among

young children (under 5), while in older children and in adulthood the infection

usually proceeds with symptoms (Previsani et al., 2004). In this latter case, the

clinical course of HAV is indistinguishable from that of other types of acute

viral hepatitis. The clinical case definition for HAV is an acute illness with

moderate onset of symptoms (fever, malaise, anorexia, nausea, abdominal

discomfort, dark urine) and jaundice, and elevated serum bilirubin and

aminotransferases levels later on. The HAV infectious dose is unknown but

according to the US Food and Drug Administration presumably is around 10±

100 virus particles (http://www.fda.gov/Food/FoodSafety/FoodborneIllness/

FoodborneIllnessFoodbornePathogensNaturalToxins/BadBugBook/

ucm071294.htm). The incubation period of HAV ranges from 15 to 50 days and

clinical illness usually does not last longer than 2 months, although 10±15% of

patients have prolonged or relapsing signs and symptoms for up to 6 months

(Glikson et al., 1992; Sjogren et al., 1987). In fact, with the advent of new highly

sensitive techniques, even in normal clinical courses a high and long-lasting

viremia has been detected (Costafreda et al., 2006), with the peak (up to 107

genome; copies/ml of sera) occurring at two weeks after the onset of symptoms

and lasting up to an average of six weeks after the start of symptoms (Bower et

al., 2000; Costafreda et al., 2006; Sjogren et al., 1987). There is no evidence of

chronicity of the infection; however, occasionally the infection may proceed to a

fulminant hepatitis, mainly among patients with underlying chronic liver

diseases (Akriviadis and Redeker, 1989; Previsani et al., 2004).

6.4 Risk assessment

Noroviruses that affect people are uniquely human viruses with no known

animal reservoir. Consequently, all sources of human infection ultimately derive

directly or indirectly from previous human infections, particularly, for example,

through contaminated foods. Practically, any foodstuff appears capable of

providing a vehicle of infection for this virus, but particularly fresh fruit and

vegetables, and filter-feeding shellfish (predominantly raw oysters and clams).

Food stuffs can become contaminated with virus at many and different stages

along the food chain, from primary production through to preparation

immediately prior to consumption (e.g. infected food handlers). The probability
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of this occurring and the likely consequences to human health, therefore, vary

greatly for each type of food, depending on how it is grown, handled and

processed. Indeed, food production processes are key determinants, since they

affect viral viability, survival and persistence. A previous quantitative microbial

risk assessment (QMRA) feasibility study by Food Standards Agency, UK

illustrated that full parameterization of all (or any) of the different food chains

from primary production to consumption, would currently be unfeasible, even in

the cases of those food chains most relevant to human disease risk (Lees, 2010).

A more feasible approach might be to consider a more specified type of food,

such as oysters. However, even here there are likely to be considerable

differences in probabilities and contamination levels at the point of consumption

depending, for example, on production area, spatial and temporal variation in

marine water quality, processing and industry practice between countries.

Although risk flow schema were developed that might provide the basis for

future QMRAs for fresh fruit and vegetables and for bivalve molluscs, it was

identified that there were currently large data gaps that, even if addressed, were

likely to be subject to considerable variation and uncertainty because of the

factors alluded to above. Other key issues impeding parameterization were the

current inability to grow the virus, the lack of animal models, and potential

uncertainties in virus quantification methods, particularly concerning infectivity.

The QMRA study (Lees, 2010) recommended a more feasible approach which

would be to focus on point-of-sale studies on particular food items. An

estimation of the transmissibility of the virus from these routes could then be

compared with that of person-to-person transmission in the general population

and to data on the overall burden of infection in the population arising from all

potential infection routes.

6.5 Fast and efficient source tracing

Data from a Europe-wide study of NoV outbreaks illustrate that outbreaks are

commonly detected in all countries that have sufficient diagnostic capacity and

undertake systematic evaluation of outbreaks of gastro-enteritis other than for

bacterial infections (Lopman et al., 2003). This includes foodborne outbreaks.

Here, food has been contaminated by one of three routes, namely an infected

food handler, contact with sewage, or contact with (sewage-)contaminated

water. Contamination of food may happen at the end of the chain with the

typical examples being a food handler with poor hand-washing hygiene or

persons who were sick inside a room where food was prepared or stored. In these

instances, the eventual size of the outbreak depends on the number of persons

served by this particular food handler, and such outbreaks are relatively easily

unravelled by a proper outbreak investigation (Tauxe, 2002).

Much more difficult to detect are the outbreaks in which the contamination

event occurs early in the food chain, for instance with berries that are harvested

under poor hygienic conditions, or that are irrigated or washed with contaminated
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water (Koopmans and Duizer, 2004). In these examples, diffuse outbreaks may

occur over a vast geographic region, depending on the final destination of the

food products and the amount of processing that is done prior to consumption. It

is these types of outbreaks that the Foodborne Viruses in Europe Network

(FBVE), NoroNet (www.nornet.nl) and CaliciNet (www.cdc.gov) in the US are

trying to detect (Koopmans et al., 2003). In Europe, there were 26 alerts through

the EU Rapid Alert System for Food and Feed (RASFF) between 2000 and

2007, in which international foodborne transmission of NoV or HAV was

suspected.

Thus, the ultimate goal in source tracing is the possibility to rapidly type the

isolates. This is particularly relevant for the highly variable NoV, which together

with HAV is the main target for detection in food (Mead et al., 1999). Despite

the preponderant role of these two viruses as food contaminants, methods aimed

at other viral agents, notably emergent or re-emergent viruses should be

developed. One important issue in food virology is the significance of genome

copies in terms of infectivity. The lack of cell culture systems applicable to NoV

and wildtype (wt) HAV propagation has long prevented the development of

infectivity assays for these agents. However, the in vitro propagation of NoV has

recently been reported in a 3-D organ culture system (Straub et al., 2007).

Additionally, a cell line with enhanced sensitivity to wt HAV has been described

(Konduru and Kaplan, 2006). The validity of these new methodologies for the

detection of infectious NoV and HAV in food is yet to be ascertained. The

availability of infectious assays for these viral pathogens may fill the gap

regarding the meaning of genome copy number in foodstuffs. Additionally it is

important to utilize epidemiological data as has recently been attempted for

consumption of oysters in a restaurant setting (Lowther et al., 2010).

Challenges here are the lack of internationally standardized molecular typing

of viruses, and the need for defining cut-offs that can be used to group strains as

linked (Vinje et al., 2003). These cut-offs differ for each of the NoV genotypes,

and validation of their use should come from investigating known transmission

chains.

6.6 Detection bottlenecks

The norovirus genus belongs to the Caliciviridae family and comprises a

genetically diverse group of viruses, which can be separated beneath this level

into genogroups, clusters or genotypes, and individual strains (Hansman et al.,

2006; Zheng et al., 2006). NoV strains that infect humans are found in

genogroups I, II and IV. NoV genogroups III and V contain strains that infect

cows and mice, respectively. Porcine strains are found in genogroup II (II.11,

II.18, and II.19) and strains that infect feline and canine species are found in

genogroup IV (IV.2). Genetically related animal NoV strains have also been

described (Oliver et al., 2006). However, currently there is no evidence that they

are capable of directly infecting man. The genetic diversity of NoV strains
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presents a difficult challenge for the design of molecular diagnostics capable of

detecting all strains of health significance and for strain typing.

Hepatitis A virus is a positive-strand RNA virus classified in its own genus of

Hepatovirus within the Picornaviridae. There is only a single major serotype of

HAV with three human antigenic variants and a number of genotypes identified

by sequence analysis (Costa-Mattioli et al., 2003). Specific virus detection is

accomplished by amplification of targeted nucleic acids and real-time reverse

transcription-polymerase chain reaction (RT-PCR) assays are becoming the

methods of choice since they enable not only detection but also virus quantifi-

cations (Costafreda et al., 2006; Jothikumar et al., 2005a, 2005b; Kageyama et

al., 2003; Loisy et al., 2005). These procedures are fast, do not require

confirmation, may be accommodated to handle a large number of samples and

enable the adoption of QA/QC practices. For this latter purpose, reference

materials must be developed. The delivery systems employed for the reference

materials will depend on their nature, i.e. viruses, plasmids, nucleic acids, etc.

Reference materials can support the wide-scale adoption of these methods in the

more routine food control laboratory context.

At present, virus analysis in food consists of the molecular detection of the virus

targets extracted from the assayed food matrix. A most critical step in these

procedures is the virus and nucleic acid extraction, since its efficiency greatly

influences the final outcome of the entire virus detection assay (Costafreda et al.,

2006). The type of food being analysed, and even its state, i.e. fresh, frozen, etc.,

also influences the difficulty in producing reliable data. Although efforts are aimed

to develop horizontal methods applicable to a wide variety of food matrices, in

particular, bivalve shellfish, salad crops and soft fruits, some specific method

adjustments may be required to enhance virus detection in a given foodstuff.

Recent methodology developments and international cooperation through the

European Committee for Standardization (CEN) have facilitated the

establishment of a standardized and well-controlled quantitative and qualitative

method for detection of NoV and HAV in food stuffs (salad crops, soft fruit,

bottled water, bivalve shellfish and hard surfaces). A draft of the method has

already been submitted and following that an international method validation

exercise is planned (Lees and CEN WG6 TAG4, 2010). EU legislative text

foreshadows the adoption of virus controls when the method is sufficiently

developed, standardized, and available for use. In preparation for the availability

of the CEN standardized method, with its potential to be adopted into

legislation, it becomes essential to gain more information about the practical

application of the method to product safety assessment.

6.7 Zoonotic and emerging viruses via food-producing
animals

In the past decade, the SARS, avian influenza, Nipah virus, tick-borne encepha-

litis virus and filovirus outbreaks have, among others, raised issues about their
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potential for foodborne transmission. Expert opinion agrees that it is likely that

new viruses will continue to emerge in coming years, especially RNA viruses.

Operational contingency procedures and principles of early warning, in

particular at the early steps of the farm-to-fork chain, are essential to guard

against emerging viruses, their potential as pathogens being unpredictable. In

addition, a systematic approach is needed to define which generic properties of

currently known foodborne viruses contribute to their success. From that, the

potential for foodborne transmission could be assessed with limited pathogen-

specific data when new pathogens arise. Most zoonotic viruses such as West

Nile virus, tick-borne encephalitis virus and cowpox virus originate in the

environment and domestic animals such as horses, cattle and cats, respectively,

are exposed to such viruses (Acha and Szyfres, 2003). Often, infection and

clinical affection are seen in domestic animals before they are seen in humans.

Thus, domestic animals might be regarded not only as source and vector of

adventitious virus but may also serve as sentinels for timely diagnosis. Domestic

animals therefore serve not only as a guard against exposure from food but also

as an early warning against viruses emerging in the environment.

Hepatitis E virus (HEV) belongs to a newly created viral family,

Hepeviridae, in the prototypic genus Hepevirus. HEV is a spherical, non-

enveloped viral particle of around 32±34 nm in diameter (Emerson and Purcell,

2007). The genome is a positive ssRNA molecule of around 7.2Kb containing

three overlapping open reading frames (ORF) and a 30poly (A) tail (Emerson and

Purcell, 2003; Worm et al., 2002).

Irrigation of vegetables as well as washing and processing of any food that is

consumed raw with HAV or HEV-contaminated water could lead to enteric

hepatitis outbreaks. Food manipulation by an HAV or HEV-infected person may

also transmit the disease. However, in the particular case of HEV the infection

has also been transmitted through the consumption of uncooked pig liver, wild

boar and deer meat in Japan (Li et al., 2005; Tei et al., 2003; Yazaki et al.,

2003).

In fact, anti-HEV antibodies as well as HEV have been detected in pigs

(Balayan et al., 1990; Meng et al., 1997), rodents (Clayson et al., 1995;

Kabrane-Lazizi et al., 1999), wild boar (Matsuda et al., 2003), donkeys

(Guthmann et al., 2006), chickens, cattle and dogs (Goens and Perdue, 2004).

Additionally, infectious HEV has been detected from commercial pig livers sold

in local grocery stores in the US (Feagins et al., 2007). All these observations

have strengthened the zoonotic potential of HEV.

6.8 Modelling development and behaviour of viruses

The initial contact of the virus with these foods may occur at any time during

production, including before harvest, during processing and at the time of

preparation. It is important to know how events leading to food contamination

may influence the persistence and the recovery of viral particles for a successful
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identification. For example, the fact that in shellfish most of viruses are

concentrated in digestive tissues explains not only the inefficacy of depuration

but also the persistence of infectious virus even after cooking, as has been

demonstrated in some outbreaks (Bosch et al., 2001; McDonnell et al., 1997;

Sasaki et al., 2006). It has been demonstrated that Norwalk virus (prototype of

genogroup I) binds specifically to a HBGA type A-like carbohydrate ligand

present in shellfish tissues in two oyster species (Le Guyader et al., 2006; Tian et

al., 2006). These observations are similar to those made in virus-like particle

(VLP) binding studies with human intestinal tissues (Tan and Jiang, 2005). In

vitro studies with additional NoV genotypes are needed to determine whether

binding to shellfish tissues is genotype-specific. With such information,

epidemiologic studies of shellfish-associated outbreaks can be designed to

address the importance of specific binding of NoVs to shellfish tissues.

However, very little is known about the impact of food on viral behaviour.

Different types of binding on food surfaces may explain why some foods are

more often implicated in outbreaks than others (i.e. raspberries/strawberries,

oysters/mussels). Factors such as complex surfaces, pH, sugar content, and

presence of polysaccharides may influence virus binding, as might the tempera-

ture and moisture required for growing conditions. Up to now, very few

experiments have been carried out to explain whether or not foods have a major

impact on viral behaviour. The recent advances in methods and quantification by

molecular biology should facilitate such type of studies. This issue is important

as it will help to solve the problem of transmission within the food chain, either

by preventing contamination or by removing the food before marketing.

6.9 Production and processing control strategies

Eating soft fruit and lettuce is generally considered healthy and provides the

consumer with important minerals and vitamins. However, many fruits and

vegetables are produced in countries with a warm climate, and often with low

hygiene conditions, reduced sanitary installations, poor water quality and a high

prevalence of transmissible gastrointestinal diseases. All these factors, including

the use of contaminated fertilizers or waste-water (Steele and Odumeru, 2004;

Tierney et al., 1977), can contribute to the risk of contaminating the produce

with pathogenic microorganisms. Therefore these products are considered

particularly hazardous to consumers when they are eaten raw (Pebody et al.,

1998; Rosenblum et al., 1990).

Bivalve molluscan shellfish feed by filtering large volumes of seawater and

accumulating food particles from their surrounding environment. When that

environment is contaminated by sewage, shellfish will also accumulate human

pathogenic bacteria and viruses during filter-feeding and present a health risk

when consumed raw or only lightly cooked. In order to render such shellfish fit

for consumption, a commonly used commercial treatment process is immersion

in tanks of clean seawater to allow sewage contaminants to be purged. This
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process is called depuration and is widely used for species such as oysters, clams

and mussels which are traditionally marketed live. In EU legislation all shellfish

that are intended for direct human consumption must meet the end-product

standard of < 230 E. coli per 100 g shellfish flesh. Thus this is the standard

required of shellfish depurated in an approved shellfish purification system.

Depuration plants are also subject to control and approval through the HACCP

approach.

Unfortunately the evidence shows that depuration plants, functioning

satisfactorily by faecal indicator criteria, often fail to effectively remove enteric

viruses. Most significant is the epidemiological evidence demonstrating that

infection can occur following consumption of depurated shellfish. This was

documented in Australia during volunteer trials to assess the safety of depurated

shellfish (Grohmann et al., 1981) and has since been documented in outbreaks in

the UK the US, and elsewhere (Ang, 1998; Chalmers and McMillan, 1995; Gill

et al., 1983; Heller et al., 1986; Murphy et al., 1979; Perrett and Kudesia, 1995;

Richards, 1985). The epidemiological evidence is supported by numerous

laboratory studies which have examined elimination rates of human enteric

viruses (such as poliovirus) or possible models for the behaviour of human

enteric viruses (such as various bacteriophage species), from shellfish during the

depuration process (Dore and Lees, 1995; Power and Collins, 1989, 1990;

Richards, 1988; Sobsey and Jaykus, 1991). Although elimination rates in

individual studies vary significantly, the overwhelming finding from these

studies is that viruses are eliminated from bivalve shellfish at a slower rate than

are faecal indicator bacteria (faecal coliforms or E. coli). Similar findings are

reported for cell-adapted HAV which, unlike human NoV, can be cultured in the

laboratory (Abad et al., 1997; Chironna et al., 2002; De Medici et al., 2001) and

for NoV using PCR. NoV was found to efficiently accumulate in shellfish

(oysters and clams); however, it was only poorly removed by depuration

compared to E. coli (Cheng et al., 2005; Costantini et al., 2006; Schwab et al.,

1998).

6.10 Sampling

Experience with other pathogen/food matrix combinations has demonstrated the

necessity to establish sampling strategies in order to undertake effective

monitoring of foodstuffs for risk management and control purposes. This is

particularly important when methods are applied within a legislative context for

public health protection. It is well established that the distribution and titre of

pathogens may vary markedly within a `sample' and also between samples taken

from, for example, a large batch or consignment. Sampling during primary

production (for example, in bivalve shellfish/salad crop/soft fruit production

areas) introduces further geographic and environmental variables. Thus, the

establishment of effective pathogen monitoring strategies depends on an

understanding of the nature and distribution of pathogens within foods and,
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consequently, the derivation of appropriate sampling protocols. There is a lack

of data available on sampling strategies to enable the effective application of

virological methods for monitoring virus contamination in food stuffs.
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7.1 Introduction

This chapter outlines available and emerging techniques to identify and rank

hazards in food and feed chains. Such hazards may be of chemical or biological

origin, and may be added naturally, inadvertently or maliciously. Ranking

hazards in the food chain is a key step to drive risk management actions in terms

of prioritising resources to control the hazards of most concern. Well-publicised

contamination incidents associated with food have occurred globally in the last

few years. These incidents have, at times, undermined the public's confidence in

7
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the safety of food and in the regulatory agencies' ability to police the global food

chain. Lessons have been learnt from these incidents, in terms of the factors that

contribute to the occurrence of crises, how they could have been prevented and

how the contamination incident was subsequently managed. Ensuring the safety

of food requires a consistent, global response with consistent standards based on

sound science, and robust controls are required to ensure consumer health and

consumer confidence is adequately protected. Food chains are all the links or

steps in the production, processing and distribution of foods from primary food

production to point of consumption. If feed chains are included, which they

should be, all of the steps in the production, processing and distribution of the

raw materials used to produce animal feed are also included in the overall feed/

food chain associated with any given food. Food chains are also dynamic, as

food processors change sources of ingredients depending on availability and

economic considerations.

Even the most cursory examination of the contamination events that have

occurred in recent years, reveals the enormous range of potential hazards that

can be present in food. As defined by Codex (Codex Alimentarius, 1999), a

hazard is a biological, chemical, or physical substance that can cause harm to

human health, at levels that are reasonably likely to occur if not controlled. The

European Union operates a rapid alert system for food and feed (RASFF). The

RASFF was put in place to provide regulatory authorities within and beyond the

European Union with a mechanism to exchange information about measures

taken responding to serious risks detected in relation to food or feed (Europa,

2010). Accessing the database associated with RASSF (Europa, 2010), shows

that on an ongoing weekly basis, contamination incidents occur in products

destined for the European Union. Faced with the multitude of possible hazards

that can enter food products, the food industry, regulatory authorities and

relevant stakeholders need some mechanism to prioritise hazards in order to

allocate resources that are always finite to control the most critical hazards. As

stated by Taylor (2002), `If the primary objective of the food safety system is to

reduce the burden of disease, success requires risk-based resource allocation.

The food safety system must make the best possible use of its resources to

reduce the disease burden. This means focusing government effort on the

greatest risks and the greatest opportunities to reduce risk, wherever they may

arise.' Regulatory authorities require risk ranking methodologies to select

hazard±food product combinations that pose the greatest risk and consequently

require the highest level of regulatory focus to reduce the risk. This initial risk

ranking may be followed by a full-scale quantitative risk assessment of the high

ranking hazard±food product combinations to quantify the risk in terms of

potential human illness. The disadvantage of a full-scale quantitative risk

assessment is that it is time consuming and expensive (Evers and Chardon,

2010). Ideally, risk ranking techniques should not be as time consuming;

however, it must always be recognised that, as a consequence, risk ranking

outcomes may not be as accurate as the results obtained from quantitative risk

assessment studies.
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Food companies also require risk ranking techniques to prioritise hazard±

food product combinations that arise in the portfolio of products they produce or

to prioritise the hazards that might arise in a particular product that the company

is manufacturing. Under the Codex Alimentarius HACCP programme (Codex

Alimentarius, 1999), Principle One is to conduct a hazard analysis. As part of

this step, a company `should list all of the hazards that may be reasonably

expected to occur at each step from primary production, processing, manufac-

ture, and distribution until the point of consumption' (Codex Alimentarius,

1999). Once the hazards are identified, a company should `conduct a hazard

analysis to identify for the HACCP plan which hazards are of such a nature that

their elimination or reduction to acceptable levels is essential to the production

of a safe food' (Codex Alimentarius, 1999). This hazard analysis required under

HACCP is essentially a risk ranking process and in many cases this first step of

HACCP is conducted qualitatively rather than using formal risk ranking

approaches. One simple approach, under Codex Alimentarius HACCP recom-

mendations, is to use a risk assessment grid (Table 7.1) to evaluate hazards. The

relative risk of a hazard is assessed by comparing severity (low, medium, high)

and likelihood of occurrence (remote, low, medium, high). It is clear that a

hazard with a rating of H/H has a high severity, is highly likely to occur, and

should be addressed, and that one rated L/R may need little if any resource

allocation. However, there is potential for confusion with regard to the midrange

ratings. To alleviate some of the confusion in using the grid system, some

experts recommend using a numerical scale to characterise food hazards. For

example, severity and likelihood of occurrence are each ranked using a 10-point

ranking scale and the individual scores multiplied. Again the system is arbitrary

and there is potential for confusion with regard to the midrange ratings. For that

reason there has been much recent interest in developing risk ranking criteria for

hazards that are more quantitative and remove the potential confusion and

subjectivity associated with risk assessment grid type approaches. Generally, the

approaches that have been adopted rank either microbiological hazards or

chemical hazards. However, a number of approaches that combine both

microbiological hazards and chemical hazards into a common ranking have been

developed. Physical hazards have generally not been considered in risk ranking

criteria. Physical hazards cannot be ignored; however, they are generally few in

number for a given food product, so they can be identified and their risk

managed without the necessity for formal risk ranking techniques.

Table 7.1 Codex Alimentarius grid for ranking food hazards

Severity Likelihood of occurrence

High H/R H/L H/M H/H
Medium M/R M/L M/M M/H
Low L/R L/L L/M L/H

Remote Low Medium High
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7.2 Hazard identification in the food/feed chain

7.2.1 Chain mapping

The first step in the identification and assessment of hazards is to map the food/

feed chain to allow a systematic review of the information to be collected

(Cnossen et al., 2009). Mapping should go into sufficient detail to allow the

subsequent hazard identification step to be properly carried out. However, it is

difficult to be prescriptive as to the actual extent of the detail required. Detailed

knowledge is needed about the technical aspects of the food chain, such as raw

materials, products, processes, procedures, storage, transport and food contact

materials, in order to map the respective food/feed chain and to identify and

select relevant hazards, as well as their entry points. The actual level of detail

required will depend on the complexity of the chain. The minimum level of

detail should allow drawing a logical, consistent chain map which accurately

represents the reality of the food/feed chain. Due regard must be given to the fact

that food/feed chains are dynamic so, for example, as manufacturers switch

suppliers of ingredients, that event potentially alters the chain and may introduce

the potential for new hazards. Once the chain map is complete, there should be a

formal process to confirm that the chain map accurately describes the processing

operation under consideration at all stages and at all times of operation. The

latter point is particularly important if there is evidence that the chain varies

depending, for example, on time of year. So, for example, a fruit processor may

source apples from the northern hemisphere at one time of the year and from the

southern hemisphere later on in the year, thus altering the chain and potentially

the hazards associated with the chain.

7.2.2 Hazard identification

As part of this step, a processor should list all of the hazards that may be

reasonably expected to occur at each step from primary production, processing,

manufacture, and distribution until the point of consumption (Codex

Alimentarius, 1999). For animal and fish products, the feed chain is often a

source of many hazards that may end up in the food product, so it is important

that feed chains have been mapped and considered where relevant. The

completed chain map forms the basis of a structured consideration of what

hazards may enter the chain. Cnossen et al. (2009) set out the following criteria

for the identification of hazards:

· they must have been shown to be directly or indirectly associated with the

food chain;

· or have the potential to become hazards in the food chain (even if they are not

or are not yet considered as such currently).

Where available, hazards should be identified using documented evidence

(e.g. existing studies in the literature documenting the occurrence of the hazard

in the food stuff under consideration) or expert opinion. Some `outside the box

thinking' may be required to identify unforeseen hazards (e.g. for bulk shipped
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product, contamination by fuel oil entering the hold of the ship). While

identifying the hazards, it is useful to classify them under the broad categories

proposed by Codex Alimentarius ± biological, chemical or physical agents

(Codex Alimentarius, 1999) in advance of undertaking a formal ranking of the

contaminants.

7.3 Risk ranking

7.3.1 Risk ranking of microbiological hazards

Recent efforts to develop risk ranking tools for microbiological hazards have

primarily concentrated on systematically assessing the level of risk associated

with pathogenic microorganisms in foods. Two broad approaches can be identi-

fied (Newsome et al., 2009), models based on epidemiological data or models

based on the established principles of food safety risk assessment which couple

the probability of exposure to a hazard, the magnitude of the hazard in a food

when present and the probability and severity of the outcomes that might arise.

`Risk Ranger' (Ross and Summer, 2002) was one of the first published models

based on these principles of food safety risk assessment. It is a tool developed

within Microsoft Excel that ranks the relative risk of various product/pathogen

combinations. Users are asked to answer the following series of questions (a

menu of potential answers is provided) in relation to food safety and factors

contributing to food safety risk:

· hazard severity

· susceptibility of target population

· frequency of consumption

· proportion of population consuming the product

· size of population

· proportion of product contaminated

· effect of processing on eliminating the hazard

· potential for recontamination after processing

· the increase required from level present at processing to reach an infectious dose

· effectiveness of the post-processing control system

· effect of meal preparation.

The output of the model is presented in a number of ways including the

predicted illnesses per annum in the population of interest and a relative risk

ranking. `The `̀ Risk Ranking'' value is scaled logarithmically between 0 and

100, where 0 represents no risk, and 100 represents the opposite extreme where

every member of the population eats a meal that contains a lethal dose of the

hazard every day' (Ross and Summer, 2002). Risk Ranger has been used in a

number of published studies including Sumner et al. (2004), Sumner et al.

(2005), Pointon et al. (2006), Mataragas et al. (2008). An alternative approach

was developed by McNab (2003) who proposed a risk score for food±hazard±

location combinations as follows:
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Risk `score' = Pa � Pb � Pc � Ia � Ib � Ic

where Pa is a scale of consumption score (based on amount consumed per

person per day), Pb is the `proportion' contaminated with this hazard at this

location, Pc is the `proportion' that lead to consumer exposure to that hazard, Ia

is the number of those exposed, the `proportion' of consumers that become ill, Ib

is the severity of illness among consumers who become ill, and Ic is the

difficulty to reduce or limit impact.

In that study, McNab gave some indicative data for VTEC in ground beef.

Recently, Evers and Chardon (2010) published a new `Swift Quantitative

Microbiological Risk Assessment (sQMRA)' tool. Developed in Microsoft

Excel, The sQMRA tool consists of, firstly, an exposure assessment tool, which

starts at the retail level and considers possible cross-contamination and the effect

of cooking of the product in the home. Arising from the exposure assessment,

the sQMRA tool calculates the risk of illness using information supplied on the

probability of infection and the probability of illness. The output of the model is

probability of illness for the product±pathogen combination being considered

which then allows product±pathogen combinations to be ranked (Evers and

Chardon, 2010). In the study illustrative calculations were made with the

sQMRA-tool for Campylobacter spp. and Salmonella spp. in chicken fillet, filet

americain and eggs. The results showed that the only public health relevant

pathogen±food product combinations were Campylobacter in chicken fillet and

Salmonella in table eggs.

A number of models for ranking of pathogenic microorganisms based on

epidemiological data have been developed. One example is the Foodborne

Illness Risk Ranking Model (FIRRM), developed by the Food Safety Research

Consortium (Batz et al., 2004). The study covered bacteria, parasites and

viruses. This model used US surveillance data on pathogen illnesses and then

attributed these illnesses back to food of origin. The model ranked pathogen±

food combinations according to five measures of public health impact: estimated

number of cases, hospitalisations, deaths, economic impact and loss of quality

adjusted life years (QALYs) (Batz et al., 2004). The study demonstrated that risk

ranking outcomes depend on whether pathogens or pathogen±product

combinations were ranked. In the study, the top-ranked pathogen was Norovirus,

but Salmonella in egg dishes was the most significant pathogen±food com-

bination. A separate Dutch study (Kemmeren et al., 2006) also used disease

burden as the primary criterion for the prioritisation of foodborne pathogens. To

calculate the disease burden, an epidemiological approach was used based on the

surveillance of food-related illness and deaths in the Dutch population. The

public health impact was combined into a single measure, the disability adjusted

life year (DALY). DALYs are the sum of years of life lost and years lived with

disability (weighted by a factor between 0 and 1 for the severity of the

disability). While, in principle, risk ranking models based on epidemiological

data have advantages over models based on the principles of food safety risk

assessment, many countries do not have the necessary epidemiological data
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available to allow this approach to be adopted. In this case, models based on

accepted risk assessment approaches will have to be used.

7.3.2 Risk ranking of chemical hazards

It is arguable that risk ranking of chemical hazards poses a greater challenge

than ranking microbiological hazards as the potential number of chemical

hazards in a foodstuff is far higher than the potential microbiological hazards.

Accordingly, the hazard identification stage in the overall risk ranking process

for chemical hazards requires more effort than the equivalent stage for

microbiological hazards. The majority of chemical risk ranking models for

foodstuffs take into account that the risk posed by a chemical in a foodstuff is a

function of both its hazard and exposure. A considerable amount of work has

been done in risk ranking of chemicals for environmental applications (see, for

example, the review by Swanson and Socha, 1997). Some of the early published

risk ranking of chemicals in foods ranked pesticide risks in foods (Low et al.,

2004; Calliera et al., 2006). Low et al. (2004) calculated a worst-case scenario

risk for each pesticide±food combination using the following risk ranking:

Risk � Hazard � Exposure

In that study, hazard was defined as an intrinsic toxicological property of the

pesticide that is inversely related to the acceptable daily intake (ADI). Worst-

case exposure was calculated as food consumption � the highest concentration

of the contaminant detected in the food. Calliera et al. (2006) formulated a

similar chronic indicator, HAPERITIFchr, based on the ratio between the

estimated daily intake and the acceptable daily intake (ADI). Cnossen et al.

(2009) took a similar approach to these two studies. Risk ranking criteria were

based on a risk-based advisory value (normally the ADI when available), which

gives an estimate of the amount of a chemical substance that may be ingested

over a lifetime without appreciable risk to health. This risk-based advisory value

was coupled with an exposure estimate to give a risk ranking score. However, in

addition to calculating a worst case exposure, the authors recommended record-

ing a distribution for the concentration of the contamination detected in the

foodstuff. The risk ranking was then categorised by some appropriate statistical

measure of the concentration detected (e.g. mean, 95% quartile). This resulted in

several ranking schemes depending on what statistical measure of the concen-

tration detected was used. This approach was adopted as a single, possibly high

profile contamination event could well distort the ranking if worst-case exposure

alone was recorded.

The Veterinary Residue Committee in the UK developed an alternative

`Matrix Ranking' for prioritising substances recommended for surveillance

under their annual Non-Statutory Surveillance Scheme (Veterinary Residues

Committee, 2008). The Matrix Ranking scheme for veterinary residues

calculates a `substance total score' as follows:
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Substance total score � (A � B) � (C � D � E) � F

where: A is nature of the hazard (scale 0±6), B is potency of the substance (scale

0±3), C is exposure 1 (scale 0±3), which represents the proportion of the whole

population's diet that might come from animals that have been treated with a

particular veterinary product, D is exposure 2 (scale 0±3) which represents the

frequency of dosing with a particular substance, E is high exposure groups (scale

0±3) where there is evidence of high exposure groups, and F is evidence of

detectable residues (scale 1±4).

The Veterinary Residue Committee has been operating Matrix Ranking for

several years now and it represents a good working example where a formal risk

ranking protocol is being used to underpin risk management decisions at a

national level.

Recently, risk ranking approaches have been developed that can evaluate

both microbiological and chemical hazards in a combined framework. Newsome

et al. (2009) reported on the outcomes of a two-year grant awarded by the US

Food and Drug Administration to the Institute of Food Technologists to develop

a risk ranking framework to evaluate potential high-threat microbiological

agents, toxins, and chemicals in food. The framework combines expert opinion

with exposure and hazard related risk criteria for specific hazard food combina-

tions. The final risk ranking value is as annual pseudo-disability adjusted life

years (pDALY) which is a harmonisation of the very different dose±response

relationships observed for chemicals and microbes (Newsome et al., 2009). This

study represents one of the first to attempts to rank both microbiological and

chemical hazards in a combined framework. This approach is likely to be further

developed if the global food industry is to objectively identify hazard±food

product combinations that pose the greatest risk and consequently require the

highest level of regulatory focus to manage that risk.

7.4 Conclusions

It is only relatively recently that formal risk ranking techniques emerged to rank

microbial and chemical hazards in food. As has been demonstrated in this

chapter, considerable progress has been made in the last ten years in developing

risk ranking techniques for both microbial and chemical hazards. In the first

instance, the techniques have ranked these hazards separately; however, there

have been recent developments to rank both microbiological and chemical

hazards in a unified framework. As with quantitative risk assessments, risk

ranking techniques require good sources of data to minimise subjectivity of the

outcomes. Data availability is a key issue that is holding back the widespread

adoption of the risk ranking approaches that have been developed. This is

particularly true for the risk ranking approaches for pathogenic microorganisms

based on epidemiological data. Very few countries in the world have the

necessary illness/pathogen/food attribution data collected to allow these

approaches to be adopted at a national level.
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As with the more formal quantitative risk assessment approaches, risk

ranking of hazards should, by its nature, underpin subsequent risk management

activities. As a consequence, risk ranking techniques should be fit for purpose,

objective and transparent. It must be clear to the risk managers the data

limitations and the assumptions underpinning the risk ranking approach used.

Finally, risk ranking must be iterative as new data and challenges emerge.
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8.1 Introduction

Growing international trade presents a major food quality and safety problem

(Kuo and Chen, 2010; Orriss and Whitehead, 2000). Within these globalized

food chains, temperature control is an important factor, as temperature during

distribution and storage plays a key role in maintenance of food quality and

safety (McMeekin et al., 2008; Smolander et al., 2004; Taoukis et al., 1999). It

largely influences microbial growth and associated risk of illness (Giannakourou

et al., 2005; Olafsdottir et al., 2006; Zwietering et al., 1991).

8
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Incorrect storage conditions in the chain with regard to temperature lead to

reduced shelf life and thus to substantial economic losses (Taoukis et al., 1991;

Fu and Labuza, 1992). To date, major problems regarding incorrect temperature

conditions have been discovered at those points where products are transferred

from one actor to another. Identification and control of these weaknesses and the

improvement of continuous temperature monitoring in the cold chain are

essential for the delivery of high quality and safe products (Olsson, 2004; Raab

et al., 2008).

Rising consumer awareness is forcing supply chain actors to implement

efficient management systems (Kuo and Chen, 2010). A prerequisite for

efficient cold chain management is a temperature monitoring system which

controls conditions along the entire chilled food supply chain (Kreyenschmidt et

al., 2010; Kuo and Chen, 2010; Montanari, 2008). Currently, temperature

monitoring is often only performed by measurement of environmental tem-

perature instead of product core temperature (Kreyenschmidt et al., 2010). Some

logistics firms have already started to implement novel temperature monitoring

solutions, but almost no inter-organizational exchange of the information and

data collected takes place (Raab et al., 2011). Although various temperature

monitoring systems are applied in food distribution, there is still a need for new

tools which facilitate temperature control and management. Tools are required,

in particular, for electronic recording of full product temperature history, from

production to consumer, in order to facilitate application of predictive models to

estimate shelf life and pathogen growth. Such systems, which apply wireless

temperature recording and data storage technologies, can provide supply chain

actors with information about temperature history in real time, thus allowing

improved transparency, more efficient supply chain management and waste

reduction (Olafsdottir et al., 2010).

A wide spectrum of different temperature measurement devices has been

developed which aim to provide comprehensive temperature monitoring during

the whole supply chain (Kreyenschmidt, 2008). Furthermore, researchers are

working on holistic systems which ensure the tracking and tracing of goods from

farm to fork (Chill-on project, 2010).

The effective implementation of such temperature control systems over the

entire supply chain is currently uncommon. Although, logistic providers have

already started to implement novel temperature monitoring solutions, the inter-

organizational information exchange of these collected data is mostly not done.

Furthermore, there is no combination of temperature data with data on product

characteristics with regard to safety and quality aspects.

8.2 Needs of food supply chain stakeholders

Despite research efforts in the area of electronic traceability and information

systems and development of tools to monitor quality (Olafsdottir et al., 2004), the

implementation of these novel technologies has been slow in the food supply chain.
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Based on a survey of the opinions of stakeholders in the fish supply chain

regarding their need for methods and dedicated tools for selected quality-related

attributes such as odour or colour, or tools for the detection of bacteria, the

respondents were more positive towards generic tools to monitor the overall

concepts of freshness and quality, indicating that they wanted simple tools and

were not knowledgeable regarding the details of complex spoilage changes

related to loss of freshness or quality (Jùrgensen et al., 2003). Recent research

activities funded by the EC have been aimed at implementing novel tech-

nologies to facilitate the electronic monitoring of temperature and obtaining

real-time information on the remaining shelf life of products (Chill-on project,

2010). The assumption is that the transparency of the supply chain would be

enhanced by the interoperability of real-time temperature monitoring. Verifica-

tion of the traceability of products is generally considered to be a valid quality

and safety indicator for consumers, but their perception of food quality, safety,

and traceability appear to be interlinked and thus these concepts may all

influence their purchase decisions (Rijswijk and Frewer, 2008).

The top-down approach of research or government when promoting new

monitoring procedures or technologies is often not regarded positively by

industry. Although innovative technologies may have promising features, their

implementation may have various drawbacks. Focus groups and questionnaire

surveys based on interviews have therefore been utilized to investigate the views

of key commercial players in the fish supply chain and thus to identify the main

drivers and barriers for implementing electronic information systems, including

traceability and real-time temperature monitoring systems (Chill-on project,

unpublished results).

The preliminary findings indicated that trust was considered necessary for

business and therefore in place throughout the chain. However, some stated that

they were not willing to share all information. In fact, when a question about

potential mistrust was posed, it was generally agreed that mistrust can occur

anywhere in the chain.

The majority of the respondents agreed with the statement that sharing of

real-time temperature data between actors would enhance trust and commitment

in the fish supply chain. However, those who did not agree stated that

temperature was already controlled and monitored well by handheld devices or

data loggers. The main concern was that sharing of electronic data would be too

costly, extra work, `annoyance', and with no added benefits. Proof and verifica-

tion of critical temperature conditions was, however, considered important in the

case of a breakdown in the cold chain. It was also acknowledged that it would be

easier to determine where the break in the chain had occurred if sharing of

electronic temperature data were in place. For the customer, verification of GPS

location and proof of quality of the transport service were considered as benefits.

Regulations were mentioned most often as the key driver for implementing

an electronically based information system. Consumer values were ranked in

second place, where quality and shelf life of products were the key attributes.

Thirdly, economic factors, such as cost-benefit ratio and improved supply chain
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management, were considered important. Environmental issues were ranked last

as important drivers for implementing new technologies. However, it was noted

that the four choices given were highly dependent on each other. Environmental

issues were considered as marketing tools and important to enhance companies'

image and to address consumers' environmental awareness and sustainability

demands.

According to Doluschitz et al. (2010), clear statements on costs, benefits and

sustainability of developed IT systems are considered a prerequisite for accept-

ance in industry. The preliminary findings from the survey verified that cost was

the main barrier for installing an electronically based system that is capable of

sharing real-time information on traceability data, GPS location, temperature,

and shelf life. The cost-benefit ratio was emphasized, as well as barriers regard-

ing installation and operation cost and the short-term issue that it would be time

consuming to have such a system implemented (Chill-on project, unpublished

results).

In focus group discussions with fish supply chain actors in Europe, the view

was expressed that the industry was not interested in solutions that were imposed

upon them and made reference to the fact that the fish business is a very highly

regulated industry, which is burdened by costly audits. They would therefore

have to see the concrete benefits of implementing an electronic traceability

system. Arguments on cost sharing among companies at different links of the

supply chain have been reported and are based on the perceived benefits of

traceability systems for different types of companies (Mai, 2009).

According to experts in the field of food risk management in Europe, effective

food and ingredient traceability systems have the potential to improve food

safety; however, further improvements regarding harmonization of practices and

pan-global legislation are needed (Kher et al., 2010). Other factors may also be

barriers for the sharing of electronic temperature information as has been

reported in the case of ERP implementation. The barriers were not technology-

related issues such as technological complexity, compatibility, standardization,

etc., but mostly concerned with organization and human-related issues, such as

resistance to change, organizational culture, incompatible business processes,

project mismanagement and top management commitment (Helo et al., 2008).

8.3 Smart labels as temperature monitoring systems

8.3.1 Radio frequency identification (RFID)

In recent years, substantial technological progress has been achieved through the

development and use in practice of wireless sensor networks combined with

temperature sensors. The development of radio frequency identification (RFID)

has particularly facilitated temperature control systems. Use of these tags is

steadily increasing.

RFID is the generic name for technologies that use radio waves to identify

items and gather data on items without human intervention or data entry (Wyld,
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2006). In its most basic form, an RFID system has two components: tags and

readers. RFID adds intelligence in order to minimize human intervention in the

item identification process by using electronic tags. The tag contains unique

identification information on the item to which it is attached; the reader emits

and receives radio waves to read the information stored in the tag allowing

processing of collected data (Roberts, 2006).

There are two main types of RFID tag, firstly the passive version with no

internal battery and a short operating range, and secondly the active type which

incorporates a battery and has a longer operating range (Roberts, 2006). Both

can be equipped with additional sensors. Opera et al. (2009) describe tempera-

ture, humidity and gas sensor; Jederman et al. (2009) report semi-passive RFID

loggers which allow spatial temperature profiling during transport of perishable

foods. Temperature sensors combined with RFID offer the possibility to collect

a full temperature history over the whole supply chain.

Commercially available active RFID data loggers are, for example, Temp Tale

RF by Sensitech (Beverly, MA, USA), i-Q32T by Identec solutions (Lustenau,

Austria), or the A927Z by CAEN (Viareggio, Italy). The semi-active solution

Vario SenseÕ by KSW (Dresden, Germany), the FreshtimeTM by Infratab

(Oxnard, CA, USA), and the Log IC by American Thermal Instruments (Dayton,

OH, USA) belong to the category of smart active labels. Here, an RFID inlet or

inlay is connected with a power source embedded into a label. This offers the

advantages of low-cost RFID inlets, flexible self-adhesive tags, use on smaller

items, as well as the integration of shelf life algorithms. The disadvantage is that

data acquisition and storage are limited (Kreyenschmidt et al., 2005).

Besides the basic product identification potential, the RFID technology can

enhance quality management, food logistic processes and supply chain

management. Several authors emphasize the capability of this technology to

identify, categorize, and manage product and information flow at important

inspection and decision points (KaÈrkkaÈinen, 2003; Michael and McCathie, 2005;

Dittmann, 2006; Jedermann et al., 2006). It has the advantage that status

information about the transport temperature of products can be collated in those

areas where products are shipped and stored (Mousavi et al., 2002;

Kreyenschmidt et al., 2005; Kerry et al., 2006; Kumar and Budin, 2006;

Bovenschulte et al., 2007). The combination of this wireless technology with

wireless communications systems, such as wireless wide area network

(WWAN), wireless local area network (WLAN), and wireless sensor network

(WSN) systems, can even enhance this potential area of application (Guo and

Zhang, 2002; Wang et al., 2006; Ruiz-Garcia et al., 2007; Raab et al., 2011).

One of the remaining obstacles for the general adoption of RFID is the cost of

the individual tag. For cost reasons, RFID labels holding a battery are rarely

applied to single product items but instead rather at pallet level. However, use of

only few tags does not allow investigation of temperature distribution within

larger transport units.

Another major obstacle is the lack of uniformity in global standards in the

area of sensor technology, which has made implementation more difficult. Many
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current commercial sensor solutions provide their own interfaces to

communicate with their own tags (Lopez et al., 2009).

Companies appear hesitant to adapt the solutions on a large scale because of

the complexity of so many different standards, data formats (syntax, data

structures, and algorithms), identification methods, and communication between

RFID tags and RFID readers (Ruiz-Garcia and Lunadei, 2010). In addition to

this, several authors point out that there are some limitations for temperature

monitoring on the basis of RFID systems in meat supply chains, for example due

to insufficient reliability, adverse impact on efficient operation in the presence

of moisture, and the reflectivity of metals (Narsing, 2005; Labuza, 2006;

Estrada-Flores and Tanner, 2008; Patti and Narsing, 2008).

8.3.2 Time temperature indicators (TTIs)

Besides RFID-based temperature monitoring systems, the use of time

temperature indicators (TTIs) to control temperature conditions in chilled food

supply chains from production to consumption has been discussed extensively in

recent years, but implementation has only begun recently (Taoukis and Labuza,

1989; Kreyenschmidt et al., 2005; Taoukis, 2008).

Time temperature indicators (TTIs) are simple and inexpensive devices,

which reflect the time-temperature history of the product to which they are

attached (Taoukis, 2001). The labels can indicate temperature abuse and show

the accumulated time-temperature history from production to consumer. Various

papers describe the application of TTIs as quality indicators and shelf life

predictors (Giannakourou et al., 2005; Kreyenschmidt et al., 2010; Labuza and

Fu, 1995; Nuin et al., 2008; Smolander et al., 2004; Taoukis et al., 1999;

Vaikousi et al., 2009).

TTIs are able to check the integrity of the cold chain and indicate inter-

ruptions in the chill chain. The labels are user-friendly and cost-effective

(Taoukis et al., 1999), and can monitor, record and translate the overall effect of

the temperature history of a food product on its quality and safety (Vaikousi et

al., 2009). TTI response can be correlated to a specific food product safety and

quality status at any point in the distribution chain, thus providing an effective

decision tool.

Since they give a visual indication of temperature history during distribution

and storage, TTIs can be particularly useful for warning of temperature abuse for

chilled food products. On the other hand, they are also used as `freshness

indicators' for estimating the remaining shelf life of perishable products. The

responses of these labels are usually some distinct visual changes that are

temperature-dependent, such as an increase in colour intensity and diffusion of a

dye along a straight path (Yam et al., 2005).

The TTI reaction is based on enzymatic, chemical, mechanical, electro-

chemical or microbiological reactions (Ellouze and Augustin, 2010; Kreyen-

schmidt et al., 2010). Commercially available TTIs are, for example, Fresh-Check

by LifeLines Technology, Inc. (Morris Plains, NJ, USA), which is based on a
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polymerization reaction of diacetylenic monomers, leading to a gradual colour

change. The TTI manufactured by 3M (St. Paul, MN, USA) uses a light

transmission reaction where a tape layer dissolves, continuously revealing the

colour underneath. The VITSAB TTI (Limhamn, Sweden) is based on an

enzymatic reaction, leading to a pH-change in the reaction mixture and visualized

through a colour change of a pH dye (Smolander et al., 2004). The OnVuTM label

developed by Freshpoint Quality Assurance Ltd, 8 Ramat-Gan, Israel) consists of

a photochromic ink which is charged with UV light. A physical reaction leads to a

time-temperature dependent back reaction in the form of a colour change (Eichen

et al., 2008; Kreyenschmidt et al., 2010). All these commercial TTIs are suitable

for monitoring the temperature history of chilled products (Smolander et al.,

2004).

Adaptation of TTIs to the specific spoilage process of a food requires

knowledge of predictive food microbiology for each type of food and must be

based on kinetic principles (Labuza and Fu, 1995; Taoukis et al., 1999). TTIs are

reliable indicators of end of shelf life for food products, if they have similar

temperature sensitivities as the food deterioration mechanism (Taoukis et al.,

1991).

Combining TTI principles with the above described RFID technology would

allow remote tracking of shelf life and quality status of food products (Estrada-

Flores and Tanner, 2008). Such a combination of a chemically based TTI and a

RFID chip is currently under development in the Chill-on project (www.chill-

on.com).

8.4 Prediction of food quality and safety

One main aspect in the chilled food supply chain, besides the integration of

temperature monitoring systems, is the linkage of product characteristic and

temperature data. Research progress in the last years has shown that predictive

food models can be possible solutions to link product quality with the tem-

perature history of the product. Such models allow the prediction of food quality

and remaining shelf life, based on microbiological growth depending on defined

environmental factors. Generally, the prediction of quality deterioration in meat

and fish is based on the growth of the specific spoilage organisms which are

mostly responsible for spoilage. The number of microorganisms allows

conclusions to be drawn on the quality status of the product. During the past

years, several papers have been published on predictive food models

(Koutsoumanis, 2001; Dalgaard et al., 2002; CayreÂ et al., 2003; Gospavic et

al., 2008; Kreyenschmidt et al., 2010). Most of the models developed describe

the growth of a specific spoilage organism depending on the temperature, as this

is a main influence on food spoilage. However, a key element of the integration

of such models and the calculation of the remaining shelf life is the continuous

control of product temperature during the different stages of the supply chain,

whereby aspects such as the positioning of the temperature device have to be
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considered. In addition, the organization's structure and technical conditions in

the supply chain have to be taken into account. In general, temperature

conditions and variations, data on temperature history, system architecture

regarding management of temperature, and quality data and microbiological

data are needed for prediction of remaining shelf life in each step of the supply

chain (Fig. 8.1).

As mentioned above, the actors in the food chain will only implement tools

which guarantee an added value for their operations (Olafsdottir et al., 2010).

Such models, combined with temperature monitoring solutions, allow

optimization of storage management. The well-established use of the first in ±

first out principle can be substituted by more quality-oriented procedures, such

as least shelf life ± first out. This will reduce waste and therefore costs, as

described by Koutsoumanis et al. (2005) and Kreyenschmidt et al. (2010). A

further benefit can be achieved by the combination and integration of the model

into the risk assessment process.

While modelling of spoilage organisms allows prediction of shelf life and

food quality, modelling of pathogen growth can be used to evaluate food safety.

Quantitative Microbial Risk Assessment (QMRA) is a new method of risk

analysis (Havelaar et al., 2008). It aims at modelling pathogen growth and

associated health risk based on dose-response relationship. Reliable QMRA

systems, as presented by Janevska et al. (2010), are able to estimate risk to

consumers resulting from contamination with pathogens. The main barrier for

implementation of QMRA systems is seen in the time-consuming and expensive

adaptation towards different food matrixes and pathogens (Evers and Chardon,

2010).

Fig. 8.1 An overview of different aspects which have to be considered in the integration
and combination of shelf life models and temperature monitoring devices (Raab et al.

2008, Bruckner et al. 2009).
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8.5 Information management to support inter-organizational
cold chain management

The efficient and effective management of quality and temperature data can be

highlighted as a major aspect in perishable food supply chains due to shelf life

constraints (van der Vorst et al., 2007). In particular, the concept of supply chain

management is challenging and important in the field of perishable products due

to short shelf life and therefore time requirements, a high number of product

variants, strict traceability requirements, and the need for temperature control in

the supply chain (ToÈyrylaÈ, 1999; KaÈrkkainnen, 2003). A key element for optimal

cold chain management and integrated disciplines such as supply chain

management is a good data basis for operational and managerial decisions at

important inspection and decision points within the supply chain.

Apart from technological innovations in the area of temperature monitoring,

major technological progress has been made in the IT sector. IT has enabled

coordination across organizational boundaries to achieve new levels of effi-

ciency and productivity (Magretta, 1998) and opens up new possibilities for

increasing value through better communication and information sharing in the

supply chain. With electronic data interchange (EDI) and extensible markup

language (XML), companies are able to share information seamlessly through

integrated systems and the Internet (Laukkanen et al., 2007). Recent studies

show that EDI is still widely used (Narayanan et al., 2009) in the food industry,

but mostly for frequent and routine transactions such as despatching of invoices

and purchasing orders, not for coordinating tasks such as transferring current

schedules, production, and sales activities (Hill and Scudder, 2002). The XML

business framework seems to be superior to the EDI and can carry more

information (Nurmilaakso, 2008). There is still no single XML business frame-

work that dominates. According to Nurmilaakso (2008), over 20 XML standards

are in use, some are cross-industry while others are industry-specific. This has

left many companies hesitant to take up a specific standard.

The value of information sharing in supply chains has been studied exten-

sively in literature, especially in conjunction with sales and inventory informa-

tion. However, very little focus has been placed in literature on other types of

information shared in supply chains (Lee and Whang, 2000). The recent push for

traceability in food supply chains and subsequent legislation have made several

software suppliers take a holistic approach to the entire supply chain (Thompson

et al., 2005). Bollen et al. (2006) suggested that a very detailed traceability

system would be able to track and locate a product at all points from harvest or

slaughter to market and, by including temperature data, this could be used to

predict quality at all times.

The development of holistic inter-organizational information management

systems composed of a few stand-alone solutions offers the possibility for

flexible systems which can be adapted to the needs of each user. On the one

hand, it offers the basic functions of temperature monitoring in combination

with advanced tools which permit the real-time collection of a full temperature
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history within global supply chains. On the other hand, the collected temperature

history makes it possible to add further components, e.g. heat transfer models,

predictive models, and risk management tools which need such a data basis. The

system integrates novel temperature monitoring and IT solutions and takes into

account the needs of major actors and global supply chains, as well as the

requirements of small and medium-sized companies, which are an important

group in the food sector.

8.6 Conclusions

Food quality and safety along the chilled food supply chain can be ensured

through various technologies and approaches. Some of the latest developments

in the field are highlighted in this chapter.

Preliminary results from an industry survey identified barriers preventing the

implementation of novel technologies for temperature monitoring and informa-

tion management. Some industrial actors stated that there is a lack of trust in the

chain and they are not willing to share all information, although they are aware

of the added value it would bring. They are afraid that the novel tools are too

costly and extra work. The lack of harmonization of standards, practices and

legislation is a particular barrier for the implementation of RFID labels and

information management software. If these technologies can only be applied to

parts of the supply chain due to legal, organizational or regulatory aspects in

some countries, their added value is lost. Costs are a barrier for the imple-

mentation of all novel technologies: Smart labels need to be purchased and

adapted to the specific requirements; equipment and software has to be bought,

and staff members have to be trained.

Despite these barriers, novel temperature monitoring tools and supply chain

management software offer a wide range of advantages and make it easier to

meet customer expectations and legal requirements.

The recording of the full temperature profile, and information sharing may

enhance trust between supply chain actors. As quality is a value, enhanced

product quality through efficient chill chain management may lead to an

increase in market value. Last but not least, ensuring food safety along the entire

supply chain may reduce cases of food-induced illness and the need for costly

product recalls, which are also damaging for a company's reputation.

Overall, ensuring food safety, quality, and traceability from farm to fork will

increase consumer trust.
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Emerging safety and quality issues of
compound feed with implications for
human foods
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Denmark, Denmark, F. T. Jones, University of Arkansas, USA,
P. HaÈggblom, National Veterinary Institute, Sweden,
G. Bruggeman, Vitamex Group, Belgium and J. Zentek,
Free University of Berlin, Germany

Abstract: The increasing use of imported, low-cost feed raw materials from
non-EU countries, the re-use of by-products from the biofuel industry and
food production (i.e. alternative feed sources) as well as the emerging
production of organic feeds and foods present new challenges for the safety
and quality of the food derived from these feed materials. It is also important
to recognize that to remain competitive, the European feed industry must
apply its limited resources for control at critical points within the production
chain. Furthermore, emerging technologies such as new methods of physical
and chemical treatment and the increasing use of by-products of
biotechnology processes deserve scientific attention. Finally, the increasing
demand for organic animal derived foods has led to a rising demand for
organic feed leading to the requirements for improved methods to distinguish
organic from conventionally produced feed.

Key words: zoonoses, pathogens, salmonella, mycotoxins, biofuel, biodiesel,
animal feed, organic feed, coccidiostats, sustainability.
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9.1 Introduction

The European feed industry depends on the sustainable supply of cost-effective,

high quality and safe feed ingredients. The term feed safety can be defined as the

risk of health hazard to livestock animals or to the food produced hereby for

human consumption. Feed quality is understood as the sum of nutritional and

physiological values, supporting health and well-being of livestock animals and

product quality.

Sustainability includes security and stability, cost-efficiency, production

economics, consumer perception including animal welfare, and environmental

aspects. European compound feeds largely comprise imported raw materials,

which are at risk of containing unexpected microbial or chemical contaminants

that could rapidly spread throughout the EU internationally. EC regulations

require that products intended for animal feed may only be used if they are sound,

genuine, merchantable and do not represent any danger to animal health, human

health or the integrity of the environment (Directive 2002/32/EC) and finally to

consider feed as integrated part of the food chain (Directive 2002/178/EC).

Within Europe, feed business operators are responsible for the implementa-

tion of measures and conditions necessary to control hazards and to ensure that

feeds are hygienically safe for animal consumption (Directive 2005/183/EC). An

understanding of how feed safety can be impaired has still not yet been

achieved, as problems happen mostly through unexpected hazards. Risks for

feed and food from animals can arise from unintended natural or anthropogenic

contaminants, imprudent use of feed ingredients and additives, or overall

impaired feed hygiene.

The European Commission has established maximum levels for a broad, but

not exhaustive, spectrum of undesirable substances in feed including chemicals,

toxic seeds and natural toxins (e.g. aflatoxins) (Directive 2002/32/EC). Risks

can not only arise from unintended contaminants but also from negligent use of

admitted substances such as certain feed additives. For example, the carry-over

of anticoccidials into table eggs via cross contaminated layer feeds is still an

issue in the EC and needs further follow-up and monitoring.

It has been known for many years that feed contains both spoilage and

pathogenic microorganisms (Hinton, 1993). Therefore, improperly made, mis-

handled or misused feedstuffs can lead to spoilage but feedstuffs can per se turn

into a vector for pathogens or their metabolic products. Here, mycotoxins are

typical fungal products and important contaminants of feed. They have been

studied in many projects funded by the EC. However, more work on sampling and

methods is needed from the global and the European perspective towards feed.

9.2 Interaction between food and feed safety

While food and feed safety have traditionally been inextricably linked, recent

crises concerning bovine spongiform encephalopathy (BSE), dioxins, foot-and-

mouth disease (FMD), melamine, and other contaminants have strongly
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emphasized the importance of this connection (Insall, 2009; Mantovani et al.,

2006). For the assessment of feed-borne risks, it is imperative that the toxico-

logical hazards be characterized, that contamination pathways be identified and

rates of transfer of the compound or its metabolites to foods of animal origin be

determined (Mantovani et al., 2006). However, toxicological hazards cannot be

fully assessed until the physiology, i.e. absorption, metabolism, and persistence

of feed contaminants, is known. Although these data are available for many

problematic substances (Kan and Meijer, 2007), and contaminant exposure

levels appear to be generally low in feedstuffs (as illustrated by the European

RASFF (Rapid Alert System for Food and Feed) system) (Kleter et al., 2009),

only few specific physiological or concentration data or modelling approaches

are available on most feed contaminants (van Raamsdonk et al., 2009).

In addition, the effects emerging pathogenic microorganisms, mycotoxins,

and naturally occurring contaminants have on animal physiology and product

safety cannot be ignored (Kan and Meijer, 2007). A comprehensive assessment

of feed contaminants requires an examination of the metabolic and biochemical

impact of ingested compounds as well as exploring the interaction with diet

composition, feeding technique, intestinal microbiota and histology, absorp-

tion, metabolism and excretion pathways. Calculation models for simulating

the carry-over from feed to food need to be designed and have to be adjusted to

the specific combination of contaminant animal-target product (van

Raamsdonk et al., 2009). To avoid animal experiments, advanced methods

including in vitro and ex vivo models are necessary to use in order to study this

interaction.

The scientific and technical knowledge necessary for the implementation of

economic and effective control systems is still incomplete. Targeted and

science-based sampling, tracing and analytical techniques are necessary to

implement efficient management practices. Recently, the EFSA CONTAM

panel evaluated more than 30 individual substances that are considered as

undesirable contaminants of animal feed (http://www.efsa.europa.eu/en/panels/

contam.htm). These include heavy metals, environmental pollutants, natural

toxins and secondary metabolites from plants, including botanical impurities. In

a recent technical report submitted to EFSA, information about current and new

mycotoxins and natural plant toxins with relevance to the safety and quality of

feed and food was summarized (Battilani et al., 2009)

When assessing animal health effects and the risk to consumers resulting

from contaminants in the feed or from residual amounts in animal-derived

products, a large number of factors are important to consider. Hazard

identification and exposure assessment in animals will depend on the variability

of feed contamination, stability of the contaminant as well as feed composition

and feeding regimes for different animals. Health effects in animals may include

anti-nutritional effects inducing lower performance, specific toxicity affecting

the animal or effects on the product. When assessing consumer risks resulting

from undesirable substances in animal-derived food products, it is essential to

analyse biotransformation, tissue disposition and, not least, consumer percep-
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tion. These data have also to be linked to food consumption. In order to

demonstrate emerging safety issues in feed, we use salmonellae, mycotoxins and

cocciostats as `case studies'.

9.3 Risks associated with Salmonella

In an opinion by the EFSA BIOHAZ panel, microbiological risks were assessed

in feeding stuffs for food-producing animals (EFSA, 2008). Several zoonotic

bacteria are present in animal feed; however, when assessing animal infections

and the risk for animals and humans to become infected from animal-derived

food, Salmonella contamination of feed is considered most relevant. Raw

materials used in feed manufacturing are the main source for the introduction of

Salmonella into the feed chain and the need for efficient monitoring and

processing technologies to control Salmonella in feed is obvious (Jones, 2008a,

2008b). Salmonella spp. cause infectious disease in both humans and animals

(Zhang et al., 2008; Lan et al., 2007) and contaminated feeds have been linked

with salmonellosis in humans and animals (Davis et al., 2003; Crump et al.,

2002; Mrema et al., 2006). Indeed, Hald et al. (2006) concluded that if present in

feedstuffs, more than 90% of Salmonella serotypes found in feedstuffs have the

potential to infect humans via contaminated animal food products. Large

outbreaks of feed-borne salmonellosis in pigs have demonstrated the economic

dimension that can be caused by Salmonella-contaminated feeds (OÈ sterberg et

al., 2006). Feed is a particularly effective means of spreading Salmonella con-

tamination because the organism can survive for long periods on a wide range of

feed materials (Maciorowski et al., 2007). Furthermore, every animal in a herd

exposed to contaminated feed for extended periods of time will become a

carrier. Finally, feed-borne contaminants can be disseminated through the food

chain via litter, contaminated carcasses, animal manure or dust (Okelo et al.,

2006; Nowak et al., 2007; Klerks et al., 2006; ElizaquõÂvel and Aznar, 2008).

Although feed ingredients can be the primary source of contamination in a feed

mill, Salmonella contamination may also persist in oilseed plants or feed mills or

other points in the processing chain, making these facilities important sources

for permanent recontamination with Salmonella (Davies, 2005; Davies and

Wray, 1997; Morita et al., 2003, 2006).

Stationary contamination can often be linked with the use of coolers in feed

mills. Improper equipment operation allows moisture to condense on interior

surfaces, permitting Salmonella growth and feed contamination because no

further heat treatment is done downstream (Davies and Hinton, 2000; Jones and

Richardson, 2004)). One problem is that it occurs erratically and Salmonella is

typically unevenly distributed within feeds (Maciorowski et al., 2004) leading to

a high degree of uncertainty in identifying relevant batches. The extent of

Salmonella contamination of feeds and feed ingredients might be substantially

underestimated because of inadequate sampling and detection methods (Davies,

2005; Durand et al., 1990; Schluter et al., 1994).
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Indeed, Salmonella contamination of feed is associated with feed particles.

One contaminated feed particle would be counted via traditional most probable

number (MPN) procedures as one Salmonella colony forming unit (CFU). Yet,

contaminated feed ingredients may contain Salmonella micro-colonies that

comprise many CFUs. Hence, traditional quantification methods may dramatic-

ally underestimate contamination levels (Wales et al., 2010). In addition, recent

data suggest that certain feed ingredients (most notably palm kernel meal) bind

to or protect Salmonella, so that the bacteria go undetected (Koyuncu and

HaÈggblom, 2009).

Finally, the fact that heat-treated feeds may contain Salmonella that are sub-

lethally injured further complicates procedural difficulties and may produce low

estimates of cell numbers or false negative results (Wesche et al., 2009). In one

European research project (www.BIOTRACER.org) collaborations with global

exporters of plant proteins used as raw material for feed production in Europe

were established to develop a proactive strategy to prevent oil meal

contamination.

However, for many feed ingredients there is a lack of understanding regard-

ing Salmonella contamination. Palm kernel meal is an important raw material

for concentrates used for dairy cows; however, current methods for Salmonella

detection appear moderately successful to analyse this specific ingredient

(Koyuncu and HaÈggblom, 2009). With regards to Salmonella it seems to be

essential to focus on the development of time efficient and safe analytical

methods allowing rapid characterization of the most important feed ingredients

and to achieve a complete picture of the involved serotypes (Koyuncu et al.,

2010). The ultimate goal should be a full chain traceability of this important

zoonotic agent.

Although Salmonella is an `old' problem, i.e. it has long been associated with

pig feed, there is an `emerging' issue that is that palm kernel presents challenges

to the detection of Salmonella that up until very recently has not been even

considered.

9.4 Risks associated with mycotoxin

Mycotoxins (particularly aflatoxin) are toxic chemicals produced in low concen-

trations by moulds as they grow in or on feeds or foods. However, mycotoxins

are ± as Salmonella ± distributed heterogeneously, and the detection of low ± but

effective ± concentrations in large volumes of feed make sampling and detection

methodologies challenging. Yet, mycotoxins can have serious consequences for

human and animal health (Bryden, 2007). Since some mycotoxins in feeds can

pass into foods destined for human consumption, it is essential to reduce their

occurrence in animal feeds (Razzazi et al., 2003). Indeed, the recalls of

mycotoxin-contaminated feeds demonstrate the gravity of the situation.

Although it is clear that addressing mycotoxin contamination as early as

possible in the food chain is essential (Binder, 2007), critical steps in the tracing
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of mycotoxins need to be identified. Rapid methods (including PCR (polymerase

chain reaction) techniques and non-molecular based tests) for the identification

of mycotoxigenic fungi have been developed (Schoen et al., 2005), but toxin

quantification, which is slow and costly, remains the gold standard for risk

assessment.

Sampling, extraction and sample clean-up methods must be improved,

especially for industrial purposes, requiring rapid and cost-effective methods.

Furthermore, analytical methods for mycotoxin detection for feedstuffs must be

validated to be acceptable by the legislative bodies. Finally, based on the

progress in sampling and analytics, mathematical contamination models are

needed to study future developments in emerging feed production chains

requiring optimized sampling and sample management protocols. This issue has

been thoroughly addressed in the BIOTRACER project (www.biotracer.org).

9.5 Coccidiostat carry-over as indicator of misuse of feed
additives

Although the EU has authorized the use of a wide range of coccidiostats in feeds

for broilers, turkeys, pullets and rabbits, none of these compounds are approved

for used in commercial layers. Yet, coccidiostat residues in eggs at concen-

trations higher than the tolerance level established in Directive 2009/8/EC are

reported (Cannavan et al., 2000; Kennedy et al., 1996, 1998; Mortier et al.,

2005; Yakkundi et al., 2002). These unwanted residues in eggs come from

accidental contamination of layer-diets in animal feed mills via carry-over from

one batch of feed to another. In fact, in some feed mills, as much as 15% carry-

over from one batch to another has been reported (Mortier et al., 2005). Carry-

over can also occur during transport of feed to the farm (Kan and Meijer, 2007).

Also, some coccidiostats are strongly electrostatic and stick to equipment sur-

faces enhancing cross contamination (Yakkundi et al., 2002). While the levels

reported in eggs are low, studies have shown that when layers are exposed to

coccidiostats at 5% treatment levels, residues appear in eggs up to 15 days later

(Kennedy et al., 1998). The reported incidence of coccidiostat residues in eggs

in the EU seems to be low; however, changing production conditions and the

consequences from ongoing globalization of production and trade indicates that

more knowledge and improved control measures are needed. Uncertainty also

exists concerning to what extent contamination occurs in imported products

across Member States.

9.6 Tracing and tracking of contaminants in the feed chain

Hazard Analysis and Critical Control Point (HACCP) programmes have been

instituted for the animal feed industry and are mandatory for feed producers in

the European Union by the feed hygiene regulation (Directive (EC) 183/2005).
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While programmes such as HACCP, Good Manufacturing Practices and risk

analysis procedures are designed to prevent feed contamination (Cooke, 2002;

Notermans and Beumer, 2003; Petri, 2009), such systems fail to address

unexpected events such as manufacturing mistakes, cross contamination or

deliberated contamination events.

The tracing and tracking components of feed and food safety systems address

these unexpected events by allowing targeted recalls so that animal or human

health consequences are minimized (Notermans, 2003). Indeed, total-chain

traceability is a vital component of any food safety system because it allows the

documentation of product history, identifies the location of products within the

production chain at any given time and, thus, allows for prompt and targeted

action when recalls are necessary. Proper traceability systems can also help

create a feedback loop to improve product quality, conditions and delivery, thus

optimizing related costs and their logistics. The European Union has mandated

traceability throughout the food production chain in order to make use of the

protection and benefits offered by such systems. Animal feed is rightfully

included in the mandatory traceability standards. While traceability systems are

vital to product safety and quality, traceability in animal feeds offer special

challenges since feed formulations frequently change, feed manufacturers utilize

a wide range of ingredients from a variety of ingredient suppliers from around

the world, and a clear separation of raw material batches is impaired by many

cross-points during raw materially import or production, transport, and

(intermediate) storage. Nonetheless, traceability standards dictate that products

are defined, lots are identified, the flow of materials is documented, data are

managed correctly, and information can be retrieved efficiently; the latter

involves a great deal of effort for feed operators (FAO, 1998; Directive (EC)

183/2005).

9.7 New feed sources as source of emerging risks

According to the European Feed Manufacturers Federation (FEFAC, 2008), the

top three imported feed materials in the EU-27 are oil cakes and meals (27.3

million tons), feed cereals (10.0 million tons) and molasses (2.9 million tons).

Collectively, they represent 89% of all imported feed materials in the EU-27.

Although soybean and copra-palm kernel meals (self sufficiency of 3% and 0%,

respectively, in EU-27) are particularly vital to EuropeÂs livestock industry, 10.0

million tons of cereals, corresponding to 14% of the feed consumption, are also

imported. Thus, imported feed ingredients are crucial for European agriculture,

and careful surveillance and control measures are necessary to ensure safety and

quality of both feed and animal protein products for human consumption. There

are a number of emerging issues connected to the consumption of the most

important feed ingredient, soybean meal, including availability of GMO-free

soya, contamination with Salmonella, and purity. Finally, the increasing global

trade with soya is becoming an emerging production issue; i.e., concerns related
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to sustainability, the environment and natural resources in the soya-producing

countries. There is an increasing awareness regarding environmental con-

sequences of the transfer of Brazilian rainforest to agricultural land. Biofuel

production by-products can provide alternative protein sources to soya.

The European Commission has determined that biofuels have great potential

in addressing EU energy needs and should be increased from the present level of

2% to the target level of 25% by 2030. This increase will likely commit about

18% of the total EU agricultural land to the production of biofuels (Coppola et

al., 2009). This situation will make the use of EU-produced DDGS (i.e. dried

distillers grains with soluble) more attractive in the future and asks for improved

quality control. After the EU biofuel Directive 2003/30/EC, the amount of by-

products from biofuel production (DDGS) and condensed distillers soluble

(CDS) increased from 0.5 million tons in 2005 to estimated 7.2 million tons in

2010 (van der Aar and Doppenberg, 2009). Ample availability and attractive

prices will likely mean that by-products from the biofuel industry will, in large

part, satisfy the demand for protein rich feedstuffs (PRF).

However, contaminants, such as pesticides and mycotoxins, can be concen-

trated in DDGS, and anti-nutritional factors can limit the use of these by-

products in animal feed (Romer, 1984; Widyaratne, 2005). Questions have also

been raised about the prevalence of zoonotic bacteria in by-products from the

biofuel industry. Finally, it has been shown that DDGS can vary widely in

nutrient level and level of anti-nutritional factors such as fibre and non-starch

polysaccharides (Ortin and Yu, 2009; Stein and Shurson, 2009). Thus, the

quality of food products from livestock animals may be either directly or

indirectly affected by the use of DDGS as an ingredient in feeds. Several

substrates, in Europe mainly wheat, in North and South America and Asia,

mainly corn and sugar cane, are used for biofuel production. Depending on the

area and geographical location and available logistics and infrastructure, dried or

wet by-products are fed to livestock, especially ruminants, but also to pigs and

poultry. The characteristics and especially the ileal digestibility of wheat DDGS

are highly variable, probably due to the drying process and associated heating

(Cozannet et al., 2009).

Studies have shown that mycotoxins are concentrated up to three times in

DDGS compared with the grain used alone (Wu and Munkvold, 2008). The

losses to the US pig industry from weight gain reduction due to fumonisins in

corn DDGS have been estimated at $9 million (Wu and Munkvold, 2008).

Recently, concerns have also been raised about antibiotic residues in DDGS

(Lundeen, 2008). In the US, antibiotics such as virginomycin, penicillin and

erythromycin are added to fermentors to reduce bacteria which compete with the

ethanol-producing yeast for sugar substrates and micronutrients. In the US, the

FDA is concerned about potential animal and human health hazards associated

with these antibiotic residues. These aspects have also to be taken into account

in the EU.

Finally, special attention in terms of quality is needed for promising new

technologies for production of raw materials for feed, like algae (Raja et al.,
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2008). Critical parameters are production processes as well as downstream and

residue processing.

9.8 Organic feedstuffs

A growing number of EU citizens are buying organic foods. Consequently,

organic animal production has increased rapidly in recent years to keep up with

the increasing demand. According to Eurostat, in 2005, 3.9% of the total

agricultural area in the EU-25 (before the EU expansion to 27 members) was

used for organic food production with the highest proportion of organic land in

Austria (11%), Italy (8.4%), Czech Republic and Greece (both 7.2%). Many

guidelines and restrictions apply to ingredients used in organic feeds and some

difficulties arise when trying to ensure a well-balanced nutritious diet without

the use of any supplements (Blair 2007, 2008). Because the quality and

composition of organic livestock feeds is important to the production of organic

meat and other animal products, these factors are strictly regulated (Council

Regulation EC no. 834/2007). Yet, whether or not the products being marketed

as `organic' meet the organic standards and are fully compliant with all

regulations is dependent on the integrity of the seller (Padel and Sundrum, 2006;

Flaten and Lien, 2009). Clearly, improved methods by which organic feed

ingredients can be objectively identified need to be settled.

9.9 Emerging production technologies

Improvements in feed manufacturing technology have dramatically increased

production efficiencies in every commercial feed mill worldwide. Technology

improvements have automated practically every process operating within feed

manufacturing facilities (Koch, 2008). These improvements have also increased

the quality of feeds produced while decreasing mistakes, labour costs and waste

(Unger, 2006). However, some improvements have at times failed to consider

contamination issues. In addition, concerns over microbial contamination, bovine

spongiform encephalopathy (BSE) and other contaminants have enhanced the

need for documentation, product tracking and integrated data analysis (Behnke,

2003). While advanced electronics are allowing feed manufacturing systems to

have even more control over feed quality issues (Dunn, 2008), the impact of such

systems on food safety and traceability must be examined.

An additional production trend is on-farm feed production, where home

grown feedstuffs, mainly cereals and vegetable proteins, are processed and

mixed with mineral supplements. While safe and high-quality feeds can

certainly be produced on-farm, many producers do not realize the complexities

involved in proper feed manufacturing procedures and do not realize that when

they manufacture feeds they assume responsibility for feed quality control

(Owsley and Van Dyke, 1992; Johnston and Hawton, 2008). Clearly, feeds
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manufactured on-farm need to be examined for quality, the presence of

undesirable substances, hygienic risks and carry-over of medications.

9.10 Conclusions

The main impact of a proactive approach proposed in the present review is

improved quality, safety and sustainability of feed, especially new and

upcoming feed ingredients, before they become normalized in their use in the

EU. It also responds to industrial needs by introducing new feed processes and

technologies. Finally, it can restrict the production of waste, specifically by

promoting clean technologies and products which can be recycled and re-used.

A full integration of the research elements with clear focus on targeted dis-

semination of the outcome is necessary if consumer trust is to be maintained in

the future.
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10.1 Introduction

Bacterial foodborne zoonotic diseases are of major public health concern

worldwide, as well as leading to significant economic losses for the agri-food

sector. In the United States alone, foodborne illness from pathogens is

responsible for 76 million cases of illness each year (Mead et al., 1999), with

annual cost of infection from the four most common bacterial foodborne agents

being estimated at almost seven billion dollars (Allos et al., 2004). Animals can

harbour many pathogens in their gut, which are shed in faecal material, posing a

source of direct and indirect contamination. Thus, foods of animal origin and

especially meat are a major vehicle in the transmission of foodborne zoonotic

pathogens (Adak et al., 2005; Gillespie et al., 2005; Mead et al., 2006; CDC,

2006; Gallay et al., 2008). Indeed, there is a high level of consumer concern

about meat safety, and in particular about beef safety, resulting from many high-
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profile beef safety scares such as bovine spongiform encephalopathy and E. coli

O157 outbreaks (Sayed et al., 2007), as well as concerns about the long-term

health effects from exposure to residues of veterinary drugs and environmental

toxins through the beef supply chain (Wilson et al., 2003). The level of

microbial illness which is attributable to beef varies widely across countries,

depending on epidemiological factors, the per capita consumption of beef

products consumed and the cooking and consumption habits of the country

(Rhoades et al., 2009). The beef production chain is quite complex and involves

a number of steps. Measures to minimise pathogen transfer can be taken at

different points. This chapter reviews the main pathogens associated with beef

and the control measures which can be taken at each step in the chain to improve

microbial beef safety.

10.2 Beef production

A diagram illustrating the main points of the beef production chain is outlined in

Fig. 10.1.

Beef encompasses meat from bovine adult or near adult animals, while the

meat from calves is referred to as veal. Animals are generally raised specifically

for beef or veal production within certain herds. Dairy cows may also enter the

beef production chain when they are no longer required for milk production.

Different systems exist for rearing animals prior to slaughter. In countries such

as the United States the feedlot system is used extensively where animals are

kept in large pens and fed a controlled, mainly grain-based diet (Huntington,

1997). Other major beef-producing nations such as Ireland and Brazil use

pasture-based systems for beef production (Crosson et al., 2006; Ferraz and

FelõÂcio, 2010). The production system and age of the animal can have a big

impact on the carriage and shedding of pathogens by cattle (Rhoades et al.,

2009).

10.3 Pathogens associated with beef

There are many zoonotic pathogens associated with beef. The most pre-

dominantly associated are briefly described here.

10.3.1 Escherichia coli O157

E. coli O157 is a member of verocytotoxigenic E. coli (VTEC) which can cause

a potentially fatal human illness, where symptoms include diarrhoea,

haemorrhagic colitis and haemolytic uraemic syndrome. While the incidence

of VTEC is low in comparison to other foodborne pathogens, 0.7 per 100 000 in

the EU in 2008 (EFSA, 2010), the major disease burden lies in the low infectious

dose and the severity of illness, which can arise from infection. While many
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Fig. 10.1 The beef production chain.
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VTEC serotypes have been associated with human illness, the majority of

reported outbreaks of VTEC infection in humans have been linked to E. coli

O157:H7. A number of factors contribute to the pathogenicity of E. coli O157,

including the ability to produce one or both verocytotoxins (VT1 and VT2). Not

all VTEC are equally pathogenic for humans, and those VTEC which are of

most concern generally have the ability to adhere to and colonise the human

large intestine forming attaching and effacing lesions (encoded by the locus of

enterocyte effacement (LEE)). Other effectors thought to be involved in

pathogenesis are located outside the LEE (Karmali et al., 2010). Ruminant

animals including cattle are the main reservoir of E. coli O157 and foods of

bovine origin, especially undercooked beef products and unpasteurised milk, are

major sources of human infection with bovine-derived products linked to

approximately 75% of E. coli O157 outbreaks (Callaway et al., 2009).

10.3.2 Salmonella spp.

Of the foodborne pathogens, Salmonella had the highest incidence of laboratory-

confirmed infections in ten states of the US in 2009 (CDC, 2010). A similar

trend has been witnessed in Europe with it being the most frequently reported

cause of foodborne outbreaks (EFSA, 2010). Salmonella is divided into two

species: S. enterica and S. bongori, with the former further divided into six

subspecies. Most Salmonella belongs to the subspecies S. enterica subsp.

enterica and over 2500 serovars have been identified. The most predominant

serovars associated with the disease are region dependent with S. Typhimurium

being the predominant serovar in the US, while in Europe it is S. Enteriditis and

in many parts of Asia it is S. Choleraesuis (Foley et al., 2008). Salmonellosis

usually causes self-limiting gastroenteritis but occasionally infection may be

more serious and potentially life threatening. The most common reservoir of

Salmonella is the gastrointestinal tract of poultry, and pigs have also been shown

to be frequent carriers (Davies et al., 2004; Duffy et al., 2010). However, beef

also plays a role with beef products being linked to outbreaks of salmonellosis

(Smelser, 2004). The most common serovars found in cattle in Europe are S.

Typhimurium and S. Dublin (EFSA, 2010). S. Typhimurium is one of the most

common Salmonella serovars associated with human infection and, therefore,

beef can be an important vector for transmission of this infectious agent.

10.3.3 Listeria monocytogenes

L. monocytogenes causes wide-ranging symptoms, from mild influenza-like

symptoms to meningitis, septicaemia and in pregnant women may lead to foetal

infection and/or spontaneous abortion. While the disease rate is relatively low

(0.3 cases per 100 000 in the EU in 2008; EFSA, 2010), the public health

concern arises from the severity of the disease and its high fatality rate (17.5%;

CDC, 2010). L. monocytogenes is ubiquitous in the environment and is a

particular problem in ready-to-eat foods due to its persistence in food processing
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environments and its ability to grow at refrigeration temperatures. Beef has been

linked to outbreaks of listeriosis with some cases resulting in death (Smith et al.,

2010).

10.3.4 Campylobacter spp.

Campylobacter spp. are the number one cause of gastrointestinal illness of

foodborne origin in many countries in the developed world with a prevalence

rate of 40.7 per 100 000 in the EU in 2008 (EFSA, 2010). Campylobacteriosis is

a self-limiting disease with symptoms including fever, vomiting, headaches,

watery or bloody diarrhoea and abdominal pain and has also been identified as a

risk factor in the development of inflammatory bowel disease (Garcia Rodriguez

et al., 2006). Campylobacter is commonly isolated from poultry and pigs, with

poultry being generally recognised as the primary source of infection

(Humphrey et al., 2007). However, Campylobacter has recently been shown

to have a high rate of carriage in cattle (Chatre et al., 2010), and the

consumption of undercooked beef has been shown to be a significant risk factor

for Campylobacter infection (Gallay et al., 2008). Typing of Campylobacter

from different sources has shown clustering of isolates by host source (Miller et

al., 2006; Pittenger et al., 2009). However, a recent study of Irish C. jejuni

isolates from poultry, beef and clinical sources has shown clinical isolates to

cluster with isolates from both chicken and beef, highlighting the potential role

for beef in the transmission of this pathogen to humans (Burgess et al., 2009).

10.4 Primary production

10.4.1 Pathogens in the farm environment

When pathogens are shed in cattle faeces they can persist in the underlying soil

and grass, surviving for extended periods ranging from several weeks to many

months (Duffy, 2003; Semenov et al., 2009). This provides an important

transmission route for pathogens within herds, farms, the fresh food chain, water

courses and the wider environment. The prevalence of E.coli O157 in calf and

cattle faeces ranges from 0 to 60% (Rhoades et al., 2009). Cattle typically shed

E. coli O157 at levels of less than 102 CFU/g of faeces but some cattle can shed

the organism at levels greater than 104 CFU/g of faeces (Jacob et al., 2010).

High concentrations of E. coli O157 in bovine faeces may result from colonisa-

tion in the terminal rectum (Naylor et al., 2005). Salmonella has been shown to

colonise the bovine intestine (Morgan et al., 2007) and the prevalence in cattle

faeces ranges from 0 to 62% (Rhoades et al., 2009). In cattle, C. jejuni colonises

the proximal small intestine and may be found throughout the intestinal tract

(Inglis et al., 2005). Prevalence in cattle faeces ranges widely with studies

finding from 16.5 to 94% (Chatre et al., 2010; Krueger et al., 2008). Few studies

have examined the prevalence of L. monocytogenes in cattle faeces but those

that have been have undertaken have shown it to range from 4.8 to 29.4%
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(Nightingale et al., 2004; Vilar et al., 2010; Madden et al., 2006; Fox et al.,

2009). Greater information would be required if quantitative risk assessments

are to be undertaken at this primary production stage of the chain.

10.4.2 Control at primary production

Intervention strategies at primary production can be divided into broad cate-

gories of farm management practices which reduce bovine exposure to

pathogens in the environment, and targeted intervention strategies such as

vaccination and antimicrobial treatments, which prevent or limit pathogen

colonisation and carriage (LeJeune and Wetzel, 2007).

Farm management practices

Biosecurity incorporates management procedures which are put in place on

farms to prevent the introduction of an infectious agent to a herd, while

biocontainment is the series of management procedures that help prevent the

spread of an infectious agent within a herd or in products which leave the farm.

General measures to control the spread of pathogens on the farm are outlined in

Farm Quality Assurance Schemes and Good Agricultural Practices (Baghasa,

2008). These guidelines cover general issues such as management and housing

of stock, pest control, management of feed and water supply, management of

animal waste and disease prevention and control. The introduction of full on-

farm HACCP systems which attempt to identify, monitor and control all hazards

on the farm is hugely challenging due to the diverse nature of the farm

environment. However, on-farm HACCP has been shown to work when it is

kept very simple in terms of the key elements to control, the corrective actions to

take and the records to keep. Good farm hygiene has been shown to reduce

occurrence of L. monocytogenes (Fox et al., 2009; Nightingale et al., 2005) and

E. coli O157 (Ellis-Iversen et al., 2008).

10.4.3 Targeted interventions

A major difficulty with targeted treatments to reduce pathogen colonisation and

carriage is that many animals are asymptomatic carriers of the pathogen and

only shed them sporadically. Equally there can be a large variation in the

species, serogroups and subtypes of a particular pathogen carried by cattle,

thereby requiring a broad acting agent. However, it cannot be so broad that it

impacts on the rest of the microflora in the animal gut which may have

implications for rumen metabolism and digestion. Any proposed intervention

strategies must also be economically feasible as a treatment for all the cattle in a

given herd or farm. Targeted interventions may not completely eliminate

pathogens but they should significantly reduce the burden of pathogen being

shed. Some of these interventions which have been proposed for the beef

production industry are briefly reviewed below.
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Vaccination

Vaccination has been investigated as a way of promoting the animal's immune

system to reduce pathogen loads by producing antigens against particular

pathogens. They also have the advantage that many farmers are already familiar

with vaccine administration and it is relatively easy to incorporate into existing

farm management. They are, for example, already widely used to control

Salmonella in poultry (EFSA, 2007).

Vaccines which have been developed for cattle have generally targeted E.

coli O157. One study examined using the cell binding domain of intimin or a

truncated EHEC factor for adherence (Efa-1) as potential vaccines. Both

induced humoral immunity in calves but did not protect against colonisation by

E. coli O157 upon subsequent challenge (van Diemen et al., 2007). A recent

study showed that inoculation with a recombinant S. Dublin strain expressing E.

coli O157 intimin reduced enteric colonisation and faecal shedding of E. coli

O157 in calves, although it did not correspond with the presence of intimin-

specific IgA in faeces (Khare et al., 2010). Another study examined vaccines

containing E. coli O157 type III secreted proteins and it was found that faecal

shedding and duration of shedding was reduced (Potter et al., 2004) but a

subsequent field trial in feedlot cattle showed no significant association between

pen prevalence of faecal E. coli O157 and vaccination (Van Donkersgoed et al.,

2005). Thomson et al. (2009) have examined the effect of a siderophore receptor

and porin (SRP) proteins-based vaccine on E. coli O157 faecal shedding in a

large feedlot trial and found reduced shedding and the prevalence to be lower in

vaccinated animals.

Vaccines against Salmonella have shown that a DNA adenine methylase

deficient S. Typhimurium vaccine provided cross protection against S. Newport

and S. Dublin with vaccinated calves exhibiting reduced faecal shedding and

colonisation (Mohler et al., 2006, 2008). Conversely, a study using a commer-

cially available S. enterica subunit vaccine showed no evidence of reduced

shedding of S. enterica in cows (Heider et al., 2008). Such studies clearly

demonstrate that while vaccination has clear potential many hurdles remain to

be overcome.

Some studies have examined anti-Campylobacter fetus vaccines in bovine

herds, but this focuses on its role as a sexually transmitted disease which may

affect fertility as opposed to food safety (Cobo et al., 2004). To the authors'

knowledge, no studies on using vaccination as an intervention for the control of

Listeria in cattle have been published.

Direct fed microbials

This intervention covers both probiotics and competitive exclusion. Direct fed

microbials (DFM) have been shown to be beneficial for many different aspects

of beef production such as increased daily gain and improved efficiency

(Krehbiel et al., 2003), as well as potential for food safety. DFM are believed to

function by a number of mechanisms such as competitive exclusion, immune

modulation or bactericidal activity by the production of particular metabolites
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(Krehbiel et al., 2003). Like other intervention strategies in cattle, the research

has focused mainly on E. coli O157 and less so on Salmonella. One study

examined the use of a Bacillus subtilis DFM but showed no significant

difference in faecal or hide prevalence of E. coli O157 or on the number of

animals shedding the pathogen at high levels (Arthur et al., 2010). A number of

studies have focused on Lactobacillus acidophilus. A study using a DFM

comprised of Lb. acidophilus (LA51) and Propionibacterium freudenreichii (PF

24) showed a significant reduction in faecal shedding of E. coli O157 but not

Salmonella in naturally infected feedlot cattle (Tabe et al., 2008). Another Lb.

acidophilus study showed significant reduction of both E. coli O157 and

Salmonella on hide (Stephens et al., 2007). Selection of strains for inclusion in a

DFM appears to be important, as highlighted when the beneficial effect of NP51

on the faecal prevalence of E. coli O157 was reduced when fed with another

strain of Lactobacillus (Younts-Dahl et al., 2004). Like vaccination studies,

DFM trials have mixed results regarding pathogen reduction which may be as a

result of study design or mode of action but promising results warrant further

investigation.

Bacteriophage

Bacteriophages are viruses that infect and kill bacterial cells by reproducing in

the bacteria, disrupting metabolic pathways and causing cell lysis. They

specifically target bacterial cells and not animal cells and therefore, have

potential as a pathogen reduction strategy. Because some bacteriophage have a

narrow host range they may be potentially useful for the selective elimination of

pathogens in a mixed microbial population such as that in the bovine rumen.

Like other intervention strategies in beef the work has predominantly focused

on E. coli O157. One study targeting E. coli O157 applied two bacteriophages

orally and rectally to sheep and cattle, respectively. While no difference in

intestinal numbers of E. coli O157 was observed when administered orally, the

prevalence was reduced when applied rectally in cattle although the infection

was not cleared (Sheng et al., 2006). A more recent study used encapsulation for

delivery of anti E. coli O157 bacteriophage and while the delivery was found to

be successful, it did not reduce shedding in comparison to controls (Stanford et

al., 2010). Rozema et al. (2009) also saw no significant difference in the number

of E. coli O157 positive samples among treatments applied both orally and

rectally with control animals. Conversely, a study undertaken in calves using

oral inoculation of anti E. coli O157 bacteriophage was shown to reduce the

duration of shedding of the pathogen. A commercial bacteriophage produced by

OmniLytics Inc has been licensed in the US for hide administration to minimise

contamination by E. coli O157.

The use of bacteriophage for reducing pathogen numbers in the beef produc-

tion chain has been investigated as a strategy for a wider range of pathogens. A

three bacteriophage cocktail was used on inoculated meat samples and was

shown to reduce E. coli O157 numbers from 3 log10 CFU/ml to undetectable

levels after two hours (O'Flynn et al., 2004). The combined use of nisin and a
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listeriophage was found to be successful in reducing cell numbers of L.

monocytogenes and preventing regrowth in a broth system, but this combined

effect was not evident when examined on vacuum packed fresh beef (Dykes and

Moorhead, 2002). A study which examined the effect of two bacteriophages on

Samonella and C. jejuni on cooked and raw meat showed significant reduction

in pathogen numbers, in particular when there was a high host cell density.

However, the authors point out that some of the experimental conditions were

not particularly realistic for application to foods (Bigwood et al., 2008). While

the use of bacteriophage is promising there is no doubt that further research is

required on areas such as appropriate selection of bacteriophages, modes of

administration, maintaining bacteriophage viability and the emergence of

bacteriophage resistant bacteria (Johnson et al., 2008).

Bacteriocins and antimicrobial peptides

Bacteriocins are ribosomally synthesised antimicrobial peptides or proteins

produced by bacteria that kill or inhibit the growth of other bacteria, either in the

same species (narrow spectrum), or across genera (broad spectrum) (Cotter et

al., 2005). Bacteriocins can be administered to animals by mixing dried or wet

cultures with feed or drinking water.

A number of studies have looked at the potential role of colicins (bacteriocins

produced by E. coli) to reduce E. coli O157 in cattle populations (Diez-

Gonzalez, 2007; Schamberger et al., 2004). In calves fed with a colicin-

producing E. coli, levels of E. coli O157:H7 were reduced by 1.8 log10 CFU/g

over 24 days (Schamberger et al., 2004). A controlled approach based on the

expression of colicins by bacteria which are normally present in the animal

rumen would decrease the chances of transfering colicin genes to other

potentially pathogenic E. coli strains, such as E. coli O157:H7 (McCormick et

al., 1999). Coinoculation of an E. coli strain which possessed bacteriocin like

activity was shown to reduce shedding of Salmonella in experimentally

inoculated calves (Patton et al., 2009).

Bacteriocins have also been employed later in the production chain with their

application on beef and beef products. They may be incorporated into the food as

an ingredient in a purified/semi purified form or as a protective culture where the

bacteriocin producing bacteria produce the bacteriocin in situ in the food. The

majority of studies investigating bacteriocins in meat products have focused on L.

monocytogenes, due to its ability to grow at refrigeration temperatures. One study

used different bacteriocins either alone or in combination in a meat slurry and

showed reductions in L. monocytogenes of up to log10 5.2 CFU/g when used

singly and log10 9.9 CFU/g when used in combination (Vignolo et al., 2000).

Azuma et al. (2006) showed that while piscicocin did not completely eliminate L.

monocytogenes in a minced beef and pork mixture it did reduce the numbers and

could possibly be used in combination with other treatments. Another study

examined the use of various lactic acid bacteria and some were shown to reduce

the recovery of C. jejuni from vacuum packaged beef (Jones et al., 2009). The

authors of this study emphasised the importance of demonstration of

152 Food chain integrity

ßWoodhead Publishing Limited, 2011

�� �� �� �� ��



antimicrobial activity in the environment proposed for application. One of the

most commonly used bacteriocins in food is nisin which has US Food and Drug

Administration approval. Although more commonly used in dairy products, it has

also been employed in beef studies (Ariyapitipun et al., 2000; Barboza De

Martinez et al., 2002; Zhang and Mustapha, 1999).

10.5 Slaughter and processing

Pathogens present in intestines, stomach contents, oral cavity or oesophagus of

cattle may be transferred to carcasses during slaughter and dressing operations in

particular at the eviseration stage. It is also generally accepted that the amount of

faecal material adherent to cattle hides significantly influences the levels of

microbial contamination on derived carcasses. A number of studies on the

prevalence of E. coli O157 have shown clear evidence that hides are the primary

source of contamination on beef carcasses (Koohmaraie et al., 2005; Nou et al.,

2003; Barkocy-Gallagher et al., 2003). The prevalence of E. coli O157 varies

widely with some studies showing a prevalence as low as 4.7% (Elder et al.,

2000) while another study reported a prevalence of 75.7% on hide of feedlot

cattle (Arthur et al., 2004). Factors which may influence prevalence include the

sampling site choice (Reid et al., 2002; Kalchayanand et al., 2009), feeding

systems and season (Rhoades et al., 2009). The concentration of E. coli O157 on

the hides is typically around 100CFU/cm2 (Arthur et al., 2004; O'Brien et al.,

2005).

A seasonal variation has also been shown in relation to Salmonella

prevalence on hides varying from 27.7% in the winter to 97.7% in the autumn

(Barkocy-Gallagher et al., 2003). Broadly, it has been observed that Salmonella

prevalence on hides is comparable with that of E. coli O157 (Rhoades et al.,

2009). Very few studies are available on the prevalence of Listeria and

Campylobacter on bovine hide. Rivera-Betancourt et al. (2004) reported the

prevalence of Listeria spp. on hides to range from 37.7% in one plant to 75.5%

in another and the prevalence of L. monocytogenes to range from 0.8 to 18.7%.

A study on the effect of transport on pathogen prevalence showed that for

Campylobacter the hide contamination level decreased from 25 to 13% for

feedlot cattle but remained unchanged for adult animals at 1 to 2% (Beach et al.,

2002).

10.5.1 Control measures

The risk of faecal contamination on the carcass at slaughter can be reduced by

specific procedures including `rodding' (a technique used to separate the

oesophagus from the trachea and diaphragm). Bagging and tying of the bung can

also help prevent contamination of the carcass. Removal of hides should be

carried out in a manner that avoids contact between the hide and the carcass.

This can be achieved by a number of measures including the use of hide pulling
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equipment and using clean equipment (immersion of knives in water at 82 ëC)

for the dehiding operation.

Carcass chilling has been reported to reduce microbial contamination on

carcasses. McEvoy et al. (2004) reported a reduction in prevalence on carcasses

after chilling for 24 hours. Similarly, Gill et al. (1996) reported a reduction in

coliforms and E. coli of between 0.5 log10 units and 2 log10 units on carcasses

following cooling processes. Sheridan (2000) noted that carcass contamination

may increase, decrease or remain unchanged following chilling and depended on

parameters such as temperature, air speed and relative humidity.

The prevalence rates for Salmonella on pork carcasses have been reported to

drop from 15.2% on pre-chill carcass to 3.1% on post chill carcasses (Duggan et

al., 2010). However, it should be noted that there may be methodology

difficulties with recovery of bacteria from chilled carcasses as the bacteria may

be sub-lethally injured by the combination of chilling and drying rendering them

non-culturable and thus underestimating the number of bacteria on the chilled

carcass. Specific interventions as outlined below may also be applied where

legislation permits.

Many different hide and carcass decontamination strategies have been trialled

with varying degrees of success. These studies often examine general microflora

as a measure of carcass hygiene, though some studies have also examined the

effect of interventions on the prevalence of particular pathogens, such as E. coli

O157. Some of the hide decontamination strategies which have been trialled are

summarised in Table 10.1. Carcass decontamination treatments which may be

used, including washes, antimicrobial treatments, trimming, vacuuming and

pasteurisation, have been reviewed elsewhere (Gill, 2009) and will not be

discussed further here.

Organic acids

Organic acid washes are the most frequently used decontaminants in the meat

processing industry and acids such as lactic and acetic acid are widely used in

the USA to decontaminate carcasses at concentrations of up to 2.5% (USDA-

FSIS, 2004). Like many pathogen reduction interventions, the results achieved

have varied between studies. Some studies in beef have shown that organic acid

rinses show little (less than one log10 CFU reduction) or no pathogen reduction

(Brackett et al., 1994; Fratamico et al., 1996; Podolak et al., 1996). Other

studies on beef have shown pathogen reduction of greater than 1 log10 CFU

reduction. Greer and Dilts (1992) reported a 1 to 1.2 log10 CFU reduction in

numbers of L. monocytogenes and C. jejuni following use of organic acids. E.

coli O157 levels have been reportedly reduced by 0.9 to 1.1 log10 CFU (Heller et

al., 2007) and up to 1.84 log10 CFU (Raftari et al., 2009). Acidified sodium

chlorite, which is a combination of any acid generally regarded as safe and

sodium chlorite in aqueous solution, is approved by the US Department of

Agriculture as a direct food additive for decontamination of red meat carcasses

(CFR, 1998). This treatment has been shown to reduce L. monocytogenes

numbers by greater than 1 log10 CFU/g and has a greater effect when used after a
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Table 10.1 Examples of hide decontamination strategies in the beef chain

Strategy Target pathogens Reduction Reference
(log10 CFU/% prevalence*)

Preslaughter wash (3min) E. coli O157:H7 1.92 Byrne et al. (2000)

Preslaughter wash S. Typhimurium Mies et al. (2004)
with lactic acid (2±6%) 1.3±5.1
with acetic acid (2±6%) 2.4±4.8
with chlorine (100-400 ppm) 0.6±1.3
with ethanol (70±90%) 5.0±5.5

Steam condensing of hide at subatmospheric pressure E. coli O157:H7 1.94±5.99 McEvoy et al. (2001)
Chemical dehairing of hide E. coli O157:H7, >4.6 Castillo et al. (1998)

S. Typhimurium

Chemical dehairing of hide E. coli O157:H7 49* Nou et al. (2003)

Ozonated water hide wash E. coli O157:H7 58* Bosilevac et al. (2005b)
Electrolysed oxidising water hide wash 47*

Online hide cabinet with sodium hydroxide wash and E. coli O157:H7 27* Bosilevac et al. (2005a)
a chlorinated water rinse

Water wash followed by cetylpyridinium chloride E. coli O157:H7 22* (hide) Bosilevac et al. (2004)
treatment (1%) 20* (carcass)

Microbial immobilisation on hair using Shellac in ethanol E. coli O157:H7 72.7* Antic et al. (2010)

Commercial bacteriophage E. coli O157:H7 Not available OmniLytics, Inc.
Salmonella
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hot water wash (Ozdemir et al., 2006). Similar results were obtained when it was

tested against E. coli O157 and S. Typhimurium with 1.5±2.5 log10 CFU/g

reductions reported in beef trim and ground beef (Harris et al., 2006).

10.6 Storage and distribution

It is well recognised that pathogens can persist and even proliferate during

storage and distribution depending on the temperature and other environmental

conditions. Numerous studies have examined the prevalence of E. coli O157 in

retail minced beef and raw beef burgers internationally. In Europe prevalence in

different countries has ranged from 0% to 2.8% (Chapman et al., 2000, 2001;

Cagney et al., 2004; Vernozy-Rozand et al., 2002; Tutenel et al., 2003;

Conedera et al., 2004; Dontorou et al., 2003). Prevalence studies in retail ground

beef in North America have detected VTEC in 9 to 36.4% of samples, with E.

coli O157 in 0 to 3.7% of samples tested (Doyle and Schoeni, 1987; Read et al.,

1990; Samadpour et al., 2006; Tarr et al., 1999). Similarly, in South America E.

coli O157 prevalence in minced beef was found to range from 0 to 3.8%

(Silveira et al., 1999; Chinen et al., 2001). Salmonella has been detected in

minced beef at a prevalence of 0 to 4.2% in studies conducted internationally

(Ghafir et al., 2005; Rose et al., 2002; Samadpour et al., 2006; Wong et al.,

2007). Prevalence of L. monocytogenes was found to vary widely at this stage in

the beef production chain with levels internationally ranging from 3.5 to 52%

(Fantelli and Stephan, 2001; Samadpour et al., 2006; Bohaychuk et al., 2006).

The prevalence of Campylobacter spp. in retail beef has been found to range

from 2.4 to 14.1% (Sammarco et al., 2010; Rahimi et al., 2010; Medeiros et al.,

2008; Little et al., 2008; Whyte et al., 2004).

10.6.1 Control measures

Similarly to earlier steps in the beef production chain, measures can be taken to

minimise pathogen contamination of products or proliferation during storage of

the product. Key elements to this include maintaining the appropriate tem-

perature conditions during transport and storage and preventing contamination

from external sources by storing and covering appropriately. Good personal

hygiene also plays a key role.

Consumers are increasingly demanding minimally processed food with lower

amounts of chemical additives. This may have a negative impact on the safety of

foods and therefore, there is a drive to find more natural agents for ensuring food

safety. As mentioned earlier, some anti-pathogen interventions such as the use of

bacteriophage and bacteriocins have been employed in beef products with

varying success. Essential oils, obtained from plant materials, are often used in

foods as flavourings but their antimicrobial properties have also attracted

attention. Eugenol was shown to reduce L. monocytogenes numbers by 0.6±1.77

log10 CFU/g in cooked beef (Hao et al., 1998), while reduction of Salmonella
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and L. monocytogenes was in the range of 1±3 log10 CFU/g when oregano oil

was used on beef fillets (Skandamis et al., 2002; Tsigarida et al., 2000).

Packaging systems

Packaging plays an important role, both in minimising microbial proliferation

during storage and also in preventing contamination of the product. Various

forms of flexible and rigid packaging exist. Rigid packaging included glass,

metal containers and rigid plastic and these may be used either alone or in

combination with other preservation methods to ensure the safety of products.

Flexible packaging includes controlled atmosphere packaging, vacuum

packaging, modified atmosphere packaging, active packaging and edible films

(Cutter, 2002). The range of packaging options and their benefits are too broad

to consider here but some examples will be given. Most studies consider the

overall microbiological profile and the effect on shelf life as opposed to that of

specific pathogens when examining packaging options. However, some studies

have specifically examined pathogen survival in beef products following

packaging. Edible chitosan films have been shown to control L. monocytogenes

on ready-to-eat roast beef (Beverly et al., 2008). Another study which looked at

alginate-based films incorporating essential oils for preservation of whole beef

muscle saw significant reductions in S. Typhimurium and E. coli O157

(Oussalah et al., 2006). An active polythene film which contained an anti-

listerial bacteriocin was shown to reduce L. monocytogenes numbers in ground

beef by about one log10 CFU/g (Mauriello et al., 2004). Modified atmosphere

packaging was also been shown to be beneficial in reducing numbers of E. coli

O157 and Salmonella in comparison to controls following storage (Brooks et al.,

2008). Another study which examined the use of vacuum packaging and 100%

carbon dioxide found that there was no reduction in the numbers of Salmonella

and E. coli O157 on beef primal cuts during storage, which contradicted earlier

studies (Dykes et al., 2001).

A key contributor to the spoilage of beef is a breakdown in the chill chain

during distribution. Spoilage prediction and the application of an optimised

quality and safety assurance scheme for chilled storage and distribution of beef

and beef products would be greatly aided by the continuous monitoring of

temperature during distribution and storage. Time temperature indicators (TTIs)

can provide a solution as they can be used to record and translate, at a unit level,

the overall effect of the temperature history of a food product on its quality and

safety (Ellouze and Augustin, 2010). An effective TTI must indicate a clear,

continuous and irreversible reaction in response to changes in temperature. TTIs

are devices which contain a thermally labile substance which can be biological

(microbiological or enzymatic), chemical or physical. Biological TTIs are the

best studied. Studies have demonstrated the use of TTIs as quality and safety

indicators in beef. A study undertaken by Ellouze and Augustin (2010) showed

that a microbiological TTI reduced consumer exposure to high concentrations of

indigenous microflora in beef. Another study in modified atmosphere packaged

beef also demonstrated that the end point of a TTI based on the growth and
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metabolic activity of a Lb. sakei strain was very close to the end of the product's

sensorial shelf life (Vaikousi et al., 2009). Such studies show the potential use of

TTIs for monitoring the quality status of beef during distribution and storage and

their use as a management tool.

Thermal inactivation

The person in charge of food preparation, whether it is in the home, a restaurant

or catering facility, is the last line of defence when it comes to preventing

foodborne infection. One of the easiest ways to ensure that beef products are

pathogen free is thorough cooking of the products. Thermal inactivation of

pathogens varies with the food matrix and product constituents, for example

Salmonella has been shown to have a D value of 2.7 and 1.2 minutes at 60 ëC in

whole beef muscle and ground beef samples, respectively (MogolloÂn et al.,

2009). It is therefore necessary to establish these values for individual product

and pathogen combinations before guidance on cooking can be given. Following

cooking guidelines, such as those provided by health promotion and regulatory

agencies worldwide, can help prevent viable pathogens being consumed. This

underlines the key role that education, both of the consumer and those working

in food processing and food preparation, plays in preventing foodborne

infectious disease.

10.7 Conclusions

Undoubtedly, great progress has been made in recent years in improving the

safety of beef and beef products. Interventions at all stages of the beef

production chain which have been found to minimise the pathogen load of the

final product and increased consumer awareness of the importance of

appropriate hygiene and storage measures will together help minimise the role

played by beef in the transmission of key foodborne pathogens. Sound scientific

data of the pathogen load at all stages of the chain allows for quantitative risk

assessments to be undertaken and identification of key control areas for the

different pathogens. Nonetheless, the human and economic losses associated

with foodborne illness continue to rise, indicating that lapses in procedure still

occur and that bacteria possess the ability to adapt to evade the interventions put

in place. The emergence of pathogens with greater resistance to food processing

stresses is of great concern as it increases their likelihood of reaching the

consumer. This is a situation which needs to be constantly monitored. Further-

more, while many interventions have shown some promise, there remains much

variation between studies, and many interventions have been investigated in

very limited trials. In order to increase confidence in such interventions larger

trials, in real conditions, need to be undertaken in a standardised manner. Any

successful anti-pathogen intervention will have to be economical and easy to use

without having any other deleterious effects on the final product. It is vital that a

whole chain approach is taken starting at primary production right through to
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consumer. Steps taken at each sector will help to contribute to greater enhance-

ment of the microbial safety of beef and beef products. It is an area where

research will without doubt continue to focus on.
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11.1 Introduction

Disagreement about the treatment of animals dates back at least to ancient

Greece (Sorabji, 1993). However, the animal welfare debate as we know it can

be traced back to the 1960s with the publication of Ruth Harrison's book Animal

Machines (Harrison, 1964). This book focused on the welfare of animals in

intensive production systems such as battery cages and veal crates. It caused

enormous public debate that has since grown to encompass a much broader

range of issues including transport, slaughter and genetics. Animal welfare is

fundamentally an ethical issue, but ethical reasoning alone is insufficient to

answer the welfare dilemmas raised by modern agricultural practices (Fraser,

2001). Animal welfare science has emerged in recent years to add a valuable

empirical element to the debate. It has not only increased our understanding of

11
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the link between biological systems and animal welfare (Dawkins, 2006), but

has also contributed to improvements in housing, handling and management

practices for farm animal species. Importantly, it has provided a scientific basis

for some of the welfare legislation passed in recent years in the EU including the

prohibition of tether and stall housing of gestating sows and of conventional

battery cages for laying hens (SVC, 1997; EFSA, 2005). The growth in animal

welfare legislation in the EU is also mirrored in other parts of the world such as

the US, where some intensive farming practices have been prohibited in

individual states (e.g. confinement of calves in veal crates and sows in gestation

stalls banned in Arizona in 2006). Some of the most significant improvements to

animal welfare in the US have been in the area of handling and slaughter

techniques (Grandin, 2001). These were primarily driven by the relatively recent

involvement of fast food companies in the auditing of plants for compliance with

the American Meat Institute Guidelines (Grandin, 1997).

Most of the advances described above were prompted by vigorous cam-

paigning by animal welfare advocates. In the future, change is more likely to be

subtly driven by consumer expectations. Nowadays consumers are very well

informed and have requirements that their food is produced with greater respect

for animal welfare, for the environment, and for food safety. Indeed, animal

welfare is considered an important attribute of an overall `food quality concept'

(Blokhuis et al., 2008).

Traditionally, producers, processors and retailers of food of animal origin

were more concerned with supply, price and competition, while they paid little

attention to consumer expectations. However, there is a growing awareness,

possibly initiated by the major retailers, that consumer requirements must be at

the forefront of efforts to ensure the sustainability of agri-food chains (Blokhuis

et al., 2008). Indeed, retailers and producers are also recognising that efforts to

meet consumer concerns and requirements relating to animal welfare represent a

business opportunity, and might therefore be worthwhile paying attention to.

Sossidou and Elson (2009) discuss that public concern for improvements to

laying hen welfare and egg quality is an area of potential added value for

producers, retailers, processors, manufacturers and producer cooperatives. The

Freedom Food label developed by the Royal Society for the Prevention of

Cruelty to Animals in the UK is the most successful example of a scheme that

markets produce from farms that meet high animal welfare standards to an

expanding customer base.

11.2 Animal health, animal welfare and food safety

In the food industry, there is already an appreciation that it is important to

consider animal welfare because of related implications for food quality (e.g.

conditions that negatively affect animal welfare such as fear can also increase

the occurrence of tough or watery meat as well as the incidence of bruising, bone

breakage, blood spots and abnormal eggshells; Jones, 1997; Faure et al., 2003).
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However, there is also growing realisation of a link between animal welfare and

food safety. There are instances where this link brings animal welfare into

conflict with food safety, such as in the case of organic farming, which will be

discussed later in this chapter. However, consumers generally consider animal

welfare in their food purchasing decisions because they intuitively perceive it to

be linked in some way to healthy and safe food. Scientific data in support of this

are scarce, not only because of a lack of research in this area, but also because

the multi-dimensional nature of animal welfare makes it difficult to establish

such links directly.

The health status of an animal is obviously a major contributor to its welfare

state, and animals with pathology, whether from infectious disease, metabolic or

other disorders, can have very poor welfare (Broom, 2006). Indeed, many

endemic health problems (e.g. lameness and mastitis in high producing dairy

cows; pathologies associated with selection for fast growth (ascites and tibial

dyschondroplasia) in broilers) are among the most serious welfare problems

(Broom, 2006). It is important to note that animal health and animal welfare are

not synonymous in that an animal with poor welfare (e.g. a calf in distress

because of separation from its mother) need not necessarily have a health

problem. Nevertheless, chronically poor welfare resulting from a wide variety of

different causes (e.g. overcrowding, isolation) often makes disease more likely

because it suppresses immune functioning (Broom and Kirkden, 2004).

Conversely, a high level of welfare, such as that provided by the social support

of conspecifics, can help to protect individuals against disease (Sachser, 2001;

Lutgendorf, 2001). These links between animal health and animal welfare

facilitate a better appreciation of the link between animal welfare and food

safety. In this regard, threats to animal health (and therefore animal welfare)

have the potential to affect the healthiness and safety of food through the

following channels:

· Stress-induced immunosuppression leading to infectious disease and con-

sequently to antimicrobial usage, with food safety issues surrounding

antibiotic resistance and antibiotic residues.

· Stress-induced promotion of foodborne pathogens such as Escherichia coli

and Salmonella.

· Genetic modifications to animals focused on improving production efficiency

at the expense of health and fitness, resulting in changes to the composition

of food products associated with disease in humans.

11.2.1 Stress, immunosuppression and susceptibility to disease

An animal's response to stress is the main mechanism through which poor

welfare is translated into poor health and consequently to food safety problems

(Humphrey, 2006; Rostagno, 2009). Stress is a word used to describe experi-

ences that are challenging psychologically (e.g. fear or anxiety), physically

(usually with a strong psychological component, e.g. electric shock) or

physiologically (e.g. heat stress). A stressor is the stimulus that causes the
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stress, and in farm animals these include weaning, mixing, overcrowding,

transport and restraint, among others. The welfare of an animal or the success of

its attempts to cope with its environment is determined by the animal's ability to

respond appropriately to a particular stressor (Broom, 1993). If a stressor is so

severe or so prolonged that resources are diverted from normal biological

functioning to an extreme extent then the animal enters a pre-pathological state

(Moberg, 2000). In this state the animal is more susceptible to disease, impaired

reproduction or inefficient metabolism and therefore impaired welfare (Moberg,

1987). The stress response starts with the perception of the stressor by the

central nervous system (CNS) and the bi-directional communication of the

stressor between the brain and the peripheral organs. Because of this cross-

communication, stress can directly affect organ functioning, and physiological

changes within the organs of the body can directly affect the CNS. These

physiological changes are characterised by activation of the sympathetic±

adrenal±medullary axis and the hypothalamic±pituitary±adrenal axis. Activation

of these axes results in systemic elevations of the glucocorticoids (e.g. cortisol)

and catecholamine stress hormones (adrenaline and noradrenaline) (reviewed by

Llamas Moya et al., 2006).

Many complex pathways modulate the effects that the hormonal products of

the stress response have on the immune system and susceptibility to infectious

disease, making it impossible to generalise the effects of stress. This also

explains that while there are numerous examples of stressors affecting

immunological function in farm animals (e.g. Ekkel et al., 1995 and Hicks et

al., 1998; social stress in pigs) there are few clear examples of stress-induced

immunosuppression leading to a greater incidence of disease or illness in farm

animals. One of the exceptions is in the case of transport and the respiratory

disease complex in cattle. Broom and Kirkden (2004) review how the myriad of

environmental challenges associated with transport activate physiological

coping mechanisms, modulate different aspects of the immune system and

ultimately increase the incidence of respiratory disease. In any case, it is clear

that stressors which elicit physiological coping mechanisms in animals and

therefore cause poor welfare also alter their health status (Biondi and Zannino,

1997). Overstocking in most species of farm animals leads to welfare problems

and increased susceptibility to disease. For example, Maes et al. (2000) found

that a higher number of pigs per pen increased the risk of being seropositive for

respiratory pathogens. Conversely, management systems associated with access

to pasture and exercise for dairy cows and hence improvements to animal

welfare are also linked to improvements in health (Regula et al., 2004; Olmos et

al., 2009a,b).

The problem for human health arises because many of the diseases that cause

suffering and welfare problems for farm animals such as pneumonia, diarrhoea

and mastitis are also associated with a high level of antimicrobial usage

(McEwen and Fedorka-Cray, 2002). Employing practices to improve animal

welfare, such as reducing stocking densities, combined with good management

practices could help to control the incidence of such diseases (McEwen and
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Fedorka-Cray, 2002; Cagienard et al., 2005). The result would not only be an

improvement in animal health but also a significant reduction in the use of

antimicrobials. There is some evidence to suggest that `animal welfare friendly'

farming practices are playing a part in contributing to reduced antibiotic

resistance (Regula et al., 2003; Schwaiger et al., 2010). However, as de Passille

and Rushen (2005) point out, it is not clear whether this is because of fewer

health problems on these farms or because of a more prudent approach to

antibiotic usage. The spread of resistant bacteria arising from antimicrobial use

in farm animals is a significant human health concern (Khachatourians, 1998). It

is also a concern for animal health but less is known about this problem. To slow

the development of resistance, the EU and some other countries have restricted

antimicrobial use in feed to promote growth and feed efficiency. The published

evidence suggests that such bans have reduced overall antibiotic use in animals,

although the impact, or lack of, on humans is the subject of much debate

(Casewell et al., 2003; Phillips, 2007). In any case, it appears that some growth

promoters had health promotional or prophylactic effects (Wierup, 2001) which

have not been replicated by improvements to aspects of animal husbandry

(Casewell et al., 2003). Some argue that their withdrawal has resulted in more

health and welfare problems in animals resulting in more use of therapeutic

drugs which are identical to those used in human medicine (reviewed by

Casewell et al., 2003). In any case, there is a wide spectrum of alternatives to

growth promoting and prophylactic uses of antimicrobials in agriculture

including improved management practices, wider use of vaccines, and

introduction of probiotics (McEwen and Fedorka-Cray, 2002). These in

combination with monitoring programmes, prudent use guidelines, and

educational campaigns could not only protect animal welfare but provide

approaches to minimise the further development of antimicrobial resistance.

11.2.2 Stress induced promotion of foodborne pathogens

Pathogens such as Salmonella enterica, E. coli O157:H7 and Campylobacter are

a major threat to food safety and there is now a large body of evidence to support

the link between poor welfare brought about by stress and the proliferation of

these pathogens. In pigs, the stress associated with weaning, handling and

mixing can result in an increase in colonisation and faecal shedding of both

Salmonella enterica and E. coli O157:H7 (Jones et al., 2001; Callaway et al.,

2006). While it is uncertain if cattle perceive dirty, muddy pens as a stressor,

such conditions are equated with poor welfare (Whay et al., 2003) and result in

higher bacterial counts at the abattoir (McEvoy et al., 2000). Forced moulting of

poultry is an extreme practice of food deprivation so as to manipulate egg

production in commercial egg and meat type birds that is widely employed in

the US (Bell, 2003). The practice not only causes serious welfare problems for

poultry (Duncan, 2001) but it also increases intestinal numbers of S. enteritidis

and consequently transmission to infected hens via increased faecal shedding

(Holt et al., 1995). While forced moulting is not practised in the EU, feed is
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routinely withdrawn from most farm animal species prior to slaughter in order to

reduce the chances of carcass contamination by the gut contents. The resulting

nutritional stress can have negative welfare implications (Terlouw et al., 2008)

and in poultry, has similar implications for enteric pathogens as forced moulting

(Byrd et al., 1998; increases in Campylobacter in broilers).

Rostagno (2009) reviews how stress indirectly encourages the proliferation of

enteric pathogens by suppression of the immune system and by physiological

changes in the gastrointestinal tract via the action of the stress hormones.

However, enteric pathogens also appear to have evolved systems for directly

sensing stress hormones (Freestone et al., 2008). For example, E. coli O157:H7

and Salmonella enterica serovar typhimurium appear to be as responsive to

stress hormones as are the cells of their host (Vlisidou et al., 2004; Toscano et

al., 2007). Hence, even brief exposure of these pathogens to physiological

concentrations of stress hormones can result in massive increases in growth and

marked changes in expression of virulence factors such as adhesins and toxins

(reviewed by Freestone and Lyte, 2010). The shedding of even low numbers of

E. coli O157:H7 in the faeces of cattle and their entry into the food chain is a

primary route to human infections (Tarr and Neill, 2001). Post-slaughter

antimicrobial treatments and HACCP policies in slaughter plants can

significantly reduce carcass contamination (Elder et al., 2000). However, it is

preferable to prevent the initial colonisation and proliferation of these fast-

growing enteropathogens. Freestone and Lyte (2010) suggest that certain animal

husbandry techniques associated with slaughter need to be modified so as to

avoid stress hormone-induced promotion of undesirable bacterial species. Such

changes would not only make meat microbiologically safer but could

concurrently result in significant improvements to animal welfare prior to

slaughter (Terlouw et al., 2008).

11.2.3 The threat posed by genetic manipulation of farm animals to

welfare, food safety and human health

Artificial selection is a process of genetic modification of farm animal species

that has increased production levels of livestock species considerably. As feed

costs are economically the most important costs, the breeding goal has tradi-

tionally been to select single production traits to create a population with high

economic efficiency, i.e. high productivity combined with relatively low feed

intake (Luiting, 1990). This means that animals have been bred for earlier and

faster growth, efficient feed conversion and partitioning, and increased

prolificacy. This approach has been hugely successful, meaning cheaper and

more readily available animal products for consumers. However, it has not been

without adverse consequences for animal health and welfare, genetic diversity

and the environment (Fisher and Mellor, 2008). Indeed, it is responsible for

some of the worst global animal welfare problems exemplified by dystocia in

double muscled beef cattle, lameness, metabolic disorders, infertility and

mastitis in dairy cows, porcine stress syndrome in pigs, osteoporosis and cloacal
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prolapse in egg-laying hens, and skeletal and cardiovascular disorders in turkeys

and broiler chickens (Broom, 1994; Phillips, 1997; Rauw et al., 1998).

Dramatic changes to behavioural, physiological and immunological traits

underlie these welfare problems in farm animals (Rauw et al., 1998). Hence, it

should not be surprising if there are associated consequences for food safety,

although this issue has not received much research attention to date. The

negative implications for human health of too much fat in the diet are, however,

well known and there are some examples of how genetic selection in farm

animals might have had an influence. For example, increased concentrations of

insulin and glucagon in plasma and perhaps even insulin resistance are thought

to drive the increased fat deposition seen in broilers selected for fast growth

(Sinsigalli et al., 1987). The result is that the proportion of fat in the carcasses of

selected lines is higher (Emmerson, 1997). This effect has only partially been

ameliorated by modified selection and nutritional schemes. Selection for high

milk yield in dairy cows has also had an adverse effect on the fat composition of

milk mediated by metabolic changes in these animals. In early lactation, cows

can be in negative energy balance (NEB). This means that they utilise more

energy to produce milk then they can ingest and therefore mobilise body

reserves for milk production (Butler and Smith, 1989). This is a naturally

occurring state during the first 2 weeks of lactation, and cows recover at a

variable rate (Butler and Smith, 1989). However, cows selected for high milk

production can have a significantly lower energy balance than non-selected

cows well into lactation as they continue partitioning energy to milk production

rather than to body reserves (Harrison et al., 1990). These cows not only lose a

significant amount of weight (Gallo et al., 1996) and are at greater risk of

production-related diseases (Ingvartsen et al., 2003), but also produce a higher

proportion of saturated fats in their milk (Stoop et al., 2009). While the former

are welfare concerns, the latter has negative implications for the healthiness of

milk with up to 35% of the total saturated (or bad) fat in the human diet coming

from bovine milk fat (Grummer, 1991).

Interestingly, factors unrelated to genetic selection, but beneficial from an

animal welfare point of view can also improve the ratio of saturated to

unsaturated fats in food (e.g. increased space; Simsek et al., 2009). Good animal

welfare practices such as increased space and access to pasture also promote a

lower omega-6/omega-3 ratio in foods of animal origin (Enser et al., 1998;

Castellini et al. 2002). The enormous increase in the consumption of omega-6

polyunsaturated fatty acids (PUFA) in Western diets and a high omega-6/

omega-3 ratio are inextricably linked to diseases such as coronary heart disease,

hypertension and type 2 diabetes, which are of high prevalence in Western

societies (Simopoulos, 2002). Hence, although not traditionally associated with

food safety, changes to the composition of foods of animal origin arising from

genetic selection, which are coupled with welfare problems, are potentially as

threatening to human health as microbial or chemical contamination.

Particularly considering that the effect extends to entire populations and not

just to unlucky individuals or groups of individuals.
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Given the mass consolidation of animal agriculture, breeding decisions and

practices have the potential to rapidly improve the health and welfare of farm

animals (Greger, 2010) and by implication, the quality and health of the food

they produce. RobustMilk (www.robustmilk.eu) is one such example, where

geneticists from six leading European agricultural research institutes, funded by

the EU 7th Framework Programme have come together in a project with the aim

of producing healthier milk from healthier cows (McParland and Berry, 2010).

However, other examples of a concerted effort to re-focus breeding objectives

with the aim of improving the welfare of farm animals are rare. On the contrary,

in spite of lessons learned, most of the new reproduction techniques and

increasingly complex means of altering the DNA of farm animal species still

have the sole objective of enhancing performance. For example, animals have

been transformed with growth-related genes, such as those for growth hormone

(somatotropin), growth hormone releasing factor, and insulin-like growth factor

(Pursel et al., 2004; Adams and Briegel, 2005). Given the range of production

related diseases associated with traditional techniques of genetic manipulation

(Rauw et al., 1998) it is likely that the adoption of such technologies to speed up

genetic progress will lead to further unfavourable side effects and disorders with

welfare implications (Van Reenan et al., 2001; Greger, 2010). Kleter and Kuiper

(2002) highlight the main food safety issues that they envisage for such animals.

Nevertheless, the current state of scientific development is still some distance

away from genetically engineered farm animals that are close to being

commercially viable. In contrast, there is a range of experience already available

for transgenic fish which are likely to be the first animals to be commercially

available (Kaiser, 2005).

Fish in particular have been targeted for growth hormone (GH) gene

transgenesis because they respond dramatically having undergone little or no

selection for enhanced growth in comparison to livestock where gains arising

from transgenesis have been more modest (Devlin et al., 2009). Elevation of GH

increases rates of protein synthesis and lipid mobilization, affecting not only

growth, but also feed conversion efficiency, metabolic rate, body composition,

head and body morphometrics, osmoregulation, age at maturity, swimming

ability and aggressive behaviour, with other modifications particular to species

and transgenic lines (Hallerman et al., 2007). Although welfare issues posed by

such morphological, physiological, and behavioural alternations in GH-

transgenic fish have not been well characterised (Hallerman et al., 2007) much

of the available data indicates that they are less fit than non-transgenic fish

(Dunham, 2003). One of the greatest future potential benefits of gene transfer in

fish will be enhancement of disease resistance (Dunham, 2003) which not alone

has beneficial welfare implications but implies a reduction in drug and antibiotic

usage with consequent improvements to food safety. However, the production

related health problems inherent to reduced fitness (Rauw et al., 1998) could

counteract any benefits arising from gene transfer to improve disease resistance.

Other food safety issues posed by transgenic fish are discussed by Berkowitz and

Kryspin-Sorensen (1994) and include the possible risks of consumption of
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transgenes, their resulting protein, potential production of toxins by aquatic

transgenic organisms, changes in the nutritional composition of foods, activation

of viral sequences and allergenicity of transgenic products. Nevertheless, studies

designed to directly assess these concerns are rare.

In spite of the imminent arrival of transgenic fish on supermarket shelves in

some countries (Kaiser, 2005), there are huge gaps in our knowledge of the

welfare and food safety implications of these modifications. This does not bode

well for the other farm animal species. In analyses of concerns raised about

transgenic animals, animal welfare is one of the main issues deemed as ethically

significant (Sandùe and Holtug, 1993). Nevertheless, it is not considered as a

key priority for strategic research but only in the context of consumer require-

ments in the EU's Farm Animal Breeding and Reproduction Technology

Platform vision document for 2025. Encouragingly, it recognises that safe and

wholesome food should be the first requirement, followed closely by improved

product quality and that this is a `significant shift from the food sector's position

in the last century, when improving the level of production was the obvious goal

of a [sic] production system'. However, as shown above there is a continuing

worldwide trend among those concerned with genetic engineering to make

animals grow even faster. This is difficult to reconcile with a genuine concern

for animal welfare or safe and wholesome food of high quality. Genetically

engineering farm animals for accelerated growth was deemed to be the least

acceptable application of biotechnology in a consumer survey conducted in the

US (Mench, 1999). A consumer backlash against biotechnology resulting from

an application perceived to worsen the plight of animals in agriculture could not

only adversely affect the public's view of medical applications of biotechnology

and the science of genomics as a whole, but could seriously undermine

confidence in the food system (PEW, 2006). In accordance with Broom (2009)

we cannot depend upon the moral consciences of those who develop and use

transgenic animals and so specific legislation is needed such that modifications

of animals which are carried out for commercial purposes only but which result

in poor welfare and by implication disregard the safety, wholesomeness and

quality of food should not be permitted.

11.3 Organic farming, animal welfare, and food safety

The primary interest of consumers of organic produce relates to supposed

beneficial effects on the environment and human health through the reduced use of

chemicals (medication, pesticides and fertilisers). However, the public also

perceives that organic farming results in improved animal welfare (Roitner-

Schobesberger et al., 2008) and these perceived animal welfare benefits are an

important factor in the motivation of consumers to buy organic produce (Harper

and Henson, 1998). Indeed, the majority of codes and regulations that deal with

organic animal production systems include specific standards dealing with animal

welfare. Such minimal organic standards and their implementation via certification
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procedures are likely to provide several preconditions for good living conditions

for farm animals. They primarily pertain to `respect for aspects of the animals'

innate behaviour' and `meeting animals species specific behavioural needs'. This is

mainly achieved by offering less restrictive environments (HoÈrning, 1998) and

providing more variety in the diet (Leeb and Baumgartner, 2000). In organic

farming, unrestricted environments are synonymous with loose housing, free-

ranging, access to an outdoor area, straw bedding, or pasture. These do facilitate

more behavioural freedom and should improve welfare but animals are also

brought into closer contact with the environment (soil, water, wild fauna, etc.). This

is a risk factor for animal health security, the prevalence of zoonotic diseases, and

the presence of toxic residues in the food, which are three of the primary food

safety concerns with organic farming (SAFO, 2004).

11.3.1 Animal health security

Closed herds and flocks and improved health security on farms are recom-

mended practices of the European Organic Livestock Standards (EU Regulation

1804/1999). However, it can be difficult to reconcile this with organic practices

(e.g. free ranging) that expose livestock to increased disease challenge. In

addition, other bio-security precautions can be more difficult to implement on

organic farms. For example, it can be difficult to source disease-free animals

when buying in new stock because of the scarcity of organic stock (SAFO,

2004). Furthermore, as vaccine use is restricted, the risk of buying in animals

with diseases of a sub-clinical or immuno-suppressive nature such as bovine

virus diarrhoea (BVD) is higher (SAFO, 2004). Should these compromised

animals contract other infections their welfare may be compromised as the use

of medication is strictly controlled.

11.3.2 Zoonotic diseases

Zoonoses such as Campylobacter spp. and Toxoplasma gondi are important

causes of human illness in both the developed and developing world and also

appear to be more of a problem in organic compared to conventional systems

because of greater exposure to the environment (Kijlstra and Bos, 2008). For

example, Heuer et al. (2001) found that while only 49.2% of extensive indoor

and 36.7% of conventional flocks on farms in Denmark had Campylobacter spp.

isolates, 100% of organic farms tested positive. Campylobacter spp. infection

has few clinical effects on poultry but practices to reduce its risk (e.g. improved

hygiene practices and better farmer attention to the birds) (Huneau-SalauÈn et al.,

2007; McDowell et al., 2008) are also associated with improved welfare.

Furthermore, even though zoonotic agents may be more likely to be present on

organic bird carcasses, the bacteria are less likely to be resistant to antibiotics

compared with isolates from conventionally farmed birds, which has important

implications for treatment (Miranda et al., 2008). Organically farmed pigs are

also more likely to be infected with Toxoplasma because of increased exposure
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to the pathogen (Dubey, 2009). Moreover, unlike Campylobacter in poultry,

infection with Toxoplasma can cause mortality in pigs, particularly in neonates,

and thus can have a negative impact on the animals' welfare (Dubey, 2009). In

general, however, there are significant welfare benefits for organically farmed

pigs compared with intensively reared pigs not least because they are less

susceptible to respiratory diseases (Leeb and Baumgartner, 2000).

11.3.3 Toxic residues

Organic food production prohibits the use of conventional synthetic pesticides

and only a very limited selection of biological, naturally derived and simple

chemical substances are permitted for use. These materials are in turn used

infrequently meaning that organic foods are largely free of pesticides (Baker et

al., 2002; Benbrook et al., 2008). However, the increased exposure of livestock

in organic systems to the environment also means that they are more exposed to

environmental contaminants. This explains why, for example, free-foraging

laying hens produce eggs that have higher dioxin levels than conventionally

farmed birds (de Vries et al., 2006). Access to the outdoor run allows these birds

to consume soil, insects and worms, all of which contain dioxins which are

efficiently transferred to the egg yolk (de Vries et al., 2006). Management

measures that reduce dioxin levels in animal products (i.e. increasing flock size

and reducing time spent outside; de Vries et al., 2006) go against the principles

of good welfare inherent to organic farming standards.

Supplementation of feed with trace elements (TE) (e.g. Cu, I, Mg) is common

practice as TE deficiency is an important cause of poor performance, fertility

and disease problems in farm animals. The amount of TE supplementation is

well regulated, which is important to avoid deficiencies in animals but also

because their deposition in edible tissues and animal products has food safety

implications for consumers. Organic farming encourages the nutritional needs of

the animals to be met using minerals and TE of natural origin (e.g. herbs and

mixed forages) although supplementation is sometimes required for high

producing animals (Coonan et al., 2002). Organic forms of TE are thought to be

more bioavailable than inorganic forms, and as a consequence, lower levels of

supplementation could be sufficient to meet nutritional needs. However, higher

bioavailability could lead to increased deposition in animal products, and thus

increased carryover of potentially toxic elements to consumers (Mantovani et

al., 2010). Several studies have shown that animals supplemented with TEs from

organic sources have greater TE concentrations in the carcass, compared with

animals fed TEs from an inorganic source (e.g. Vignola et al. 2009). Although

Kessler et al. (2003) found no difference in Zn levels in the carcasses of

fattening bulls fed either an organic or inorganic source of Zn. Thus, risk

assessment needs to be carried out on new organic sources for each TE, in order

to determine whether lower supplementation limits are necessary.
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11.4 Conclusions

Although there is a clear link between animal welfare and food safety, the

relationship is not uni-directional. Systems and practices associated with good

animal welfare can potentially have positive and negative effects on food

safety. Nevertheless, many of the negative effects on food safety are associated

with the increased contact with the environment afforded by free ranging and

organic systems. Such systems enhance the behavioural freedom of farm

animals and hence improve one aspect of their welfare. However, the

perception that behavioural freedom is the only welfare aspect of importance

to consumers of organic produce has meant that other aspects of animal welfare

(freedom from hunger and thirst, freedom from discomfort, pain, disease and

injury and freedom from fear and distress) have been largely ignored. If the

high level of integrity enjoyed by the organic sector is to be maintained it is

essential that these other aspects of animal welfare are also taken into

consideration. Indeed clarification of what exactly consumers expect from

`organic' animal welfare is going to be an essential component of the resolution

to the conflict between animal welfare objectives and the food safety objectives

in organic farming.

In general, the better framework for animal health and welfare management

offered by organic standards means that the food safety risks posed by agro-

chemical and veterinary medications and the development of antibiotic resistant

pathogenic microorganisms are considerably reduced compared to conventional

systems (Leifert et al., 2008). In conventional systems, where the vast majority

of animals are still farmed, mental and physical stress combined with genetic

manipulations contribute to a myriad of problems with food safety implications,

examples of which were documented in this chapter. Conversely, the positive

relationship between good animal welfare and safer and healthier food is almost

unanimous. Where conflicts will arise, past experience indicates that zero

tolerance approaches to food safety risks and indeed environmental threats mean

that animal welfare considerations will be sacrificed. This approach will not fit

well within the sustainable food production systems envisaged for the future. As

international standards governing sustainable animal production systems begin

to develop, enormous effort is clearly required to integrate standards for good

animal welfare with food safety standards and to ensure that they are not

mutually exclusive. One of the first steps will be to develop better ways of

measuring, monitoring and marketing animal welfare. The EU-funded Welfare

QualityÕ project is a good example of an improved system for on-farm welfare

assessment for several species. It has also led to the development of accepted

procedures for the standardised conversion of welfare measures into accessible

and understandable product information. Such developments will not only

contribute to the raising of animal welfare standards but will also help to ensure

that all the stakeholder requirements are being met. Ultimately, the role that high

welfare standards play in ensuring the safety and healthiness of food will have to

be acknowledged. This realisation will not only improve the quality and safety
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of the food we eat but will also play an important role in improving the welfare

of millions of farm animals.
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12.1 History of genetically modified organisms (GMOs)

12.1.1 Background

The 1970s marked the emergence of molecular biology and the periods of

intense development that enabled scientists to extend the scope of their work

from prokaryotes to eukaryotes, plants in particular. In 1977, MD Chilton

demonstrated that crown gall resulted from the transfer of phytopathogenic

12

Detection and traceability of genetically
modified organisms in food supply
chains
Y. Bertheau, National Institute for Agricultural Research (INRA),
France

Abstract: Traceability in agri-food supply chains is mandatory in all 27
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bacteria from a fragment of the Ti plasmid to transformed plant cells. In 1983,

three groups were able to use this natural plasmid as a vector in plant cell

transformation. Other plant transformation methods were subsequently applied,

for monocotyledons in particular. Transgenesis in plants became an important

instrument in basic research and has since led to a series of commercial

applications (Davison and Bertheau, 2008, 2010).

Various techniques are used for genetically modified animals (Gama Sosa et

al., 2010). While many applications in the production of pharmaceutical

products are foreseeable in the short term, the first commercial application in the

food industry is most likely to be the AquAdvantage genetically modified

salmon by AquaBounty, currently undergoing deregulation in the United States.

A panel of experts commissioned by the US Food and Drug Aadministration has

recently issued a mixed opinion recommending further studies. Fourteen years

after AquAbounty's initial request, a change to the GM animal inventory

remains uncertain.

Genetic engineering is rapidly evolving with the use of more precise trans-

formation systems, plastid transformation, silencing systems, not to mention

synthetic biology (Cohan, 2010; Frizzi and Huang, 2010; Glick et al., 2010;

Weathers et al., 2010).

Some of these techniques may lead to organisms with `cleaner' genetic

modifications, while others may be used to create completely new organisms for

which risk assessment methods must still be defined. Some of the current and

new transformation systems could lead to the creation of plants which promote

genetically modified (GM) and non-GM crop coexistence by encouraging

genetically modified organisms (GMO) bioconfinment. Yet the disastrous

`Terminator' affair has only impeded the availability of crops using technologies

such as `GURT'.

Following the first sales of delayed ripening tomatoes in 1994, the first

commercial herbicide-tolerant soybean crops were launched in the United States

and the first GMOs arrived in Europe in 1996. This is when the controversy

surrounding GMOs really took off and led to the withdrawal in 1998 of the Flavr

Savr tomato, which, despite its attractive price, was not popular among all

consumers due to its organoleptic properties.

From then on, GMO crop cultivation has significantly developed, covering

more than 134 million hectares according to the International Service for the

Acquisition of Agri-Biotech Applications (ISAAA; James, 2010). The main

producers are, in descending order, the USA, Brazil, Argentina, India, Canada,

China, Paraguay and South Africa. In Europe, Spain is the main producer with

almost 100 000 hectares of maize used for animal feed. Fourteen million farmers

(including thirteen million smallholders, generally in developing countries)

allegedly use GMOs.

The main crops in descending order are: soybean, maize, cotton and canola.

The most widely adopted traits are, in decreasing order, herbicide tolerance,

followed by GMO trait stacking (James, 2010; Que et al., 2010). After naturally

crossing transgenic plants containing individual transgenes, these GMOs
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combine several traits such as herbicide tolerance and insect resistance. In third

place come insect-resistant GMOs.

This data may be impressive, yet it is noteworthy that the ISAAA is the only

association to provide worldwide figures. Funded in part by firms which produce

GMO seed, various non-governmental organisations (NGOs) have expressed

doubts as to the reliability of the data published. This monopoly on information

is set to gain momentum as the US Department of Agriculture (USDA) has

recently decided to no longer create statistics regarding the GMO adoption rates

in the USA.

In 2004, the area used for GMO crops represented 2±4% of total cultivated

areas in the world (Semal, 2005), yet the proportion of GMOs seemed to vary, in

2009, from 20% for canola to 75% for soybean (James, 2010). World trade is

mostly dependent on the `ABCD' quartet (i.e. ADM, Bunge, Cargill, Louis

Dreyfus) which is present on the GMO and non-GMO product markets (Green

and HerveÂ, 2006).

European consumers have taken up the nutritional, environmental and

lifestyle aspects of the global controversy, and have up to now shown reticence

as to the benefits of GMOs, unlike Americans (Nielsen, 2001; Nielsen and

Anderson, 2001; Arvanitoyannis and Krystallis, 2005; Gaskell et al., 2006;

Bonny, 2008; Ervin et al., 2010; Rommens, 2010; Wield et al., 2010).

As a result, a set of directives and regulations has been phased in to protect

the freedom of choice of consumers, and producers, through detailed labelling

and the recommendation of the implementation of national crop coexistence

rules, following the European principle of subsidiarity (European Commission,

2000a,b, 2003a,b, 2010). GMO-specific measures further support a general

traceability system in agri-food chains (European Commission, 2002) and

labelling of all novel foods and novel food ingredients (European Commission,

1997; Davison and Bertheau, 2007, 2008).

Clearly, there are differences in the opinions expressed and the consumer

habits observed, and between Member States (Noussair et al., 2001, 2004, 2007;

Rowe, 2004; Costa-Font et al., 2006; Han and Harrison, 2007; Consumerchoice

Consortium, 2008; Sheldon et al., 2009).

However, European citizens are generally considered wary of GMO con-

sumption, as are those in other countries such as Japan, Korea and Taiwan,

which, alongside Russia, have implemented traceability and labelling systems

with thresholds which often reveal dependence on food imports (Yasui, 2004;

Park, 2005; Kim and Boyd, 2006; Svec and Vassilieva, 2006; Vassilieva and

Svec, 2007; Shineha and Kato, 2009).

Some believe that the anti-GMO feeling among European consumers has

been bolstered by supermarkets, which in turn influence their suppliers, includ-

ing European producers. However, the management of a Europe-based agri-food

multinational recently announced publicly that it regretted this hostility among

European consumers and claimed to be ready to supply GMO products and

derivatives within a short timeframe.

European legislation does not provide for the labelling of animals reared on
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GM feed and its position has created much unrest among various NGOs and

consumer associations. This position may be justified in that tests are almost

impossible to conduct and there is always a chance of falsified documentary

traceability (Bertheau et al., 2009). This European position may also be

explained by the care taken not to shake up the current animal production model,

which in Europe depends on protein imports from third countries. Yet this

situation is currently changing in various Member States such as Germany and

France.

With regard to its supply of proteins for animal feed, the EU is greatly

dependent on soybean and CGF (Corn Gluten Feed) imports which both come

predominantly from GMO producing countries. Current world trade in GMO

and non-GMO products mostly depends on four traders, ABCD (Green and

HerveÂ , 2006). European Union regions (GMO-free regions: http://

www.gmofree-euregions.net:8080/servlet/ae5Ogm) have come together in order

to promote the supply of proteins for animal feed that are not genetically

modified. The EU's dependence on proteins and asynchronous and isolated

authorisations create many problems for compound feed suppliers (GoÂmez-

Barbero and RodrõÂguez-Cerezo, 2006; European Commission DG-AGRI, 2007;

Stein and Rodriguez-Cerezo, 2009). Alongside talks currently under way within

the Codex Alimentarius, there are plans to define in the near future an EU

tolerance level (known as LLP i.e. Low Level Presence) for imports of GM

products or derivatives, not authorised in the EU but granted authorisation in

some third countries. This LLP would be initially used for products intended for

animal feed.

The relatively short history of commercial GMOs has been punctuated by

many cases of unauthorised GMO dissemination without checks or with

unauthorised mixtures (Starlink and Bt10 maize, LL601, Bt63, KMD1 and

KeFeng6 rice, FP967 linseed, Amadea potato; see for instance: http://

www.gmcontaminationregister.org/). Recently, the USA has started to share

the EU's concerns regarding these unauthorised releases and asynchronous and

isolated authorisations (GAO, 2008).

In coming years, there may be a somewhat unexpected convergence between

the USA and the EU. This prediction was given more weight recently when the

American agriculture secretary reiterated, in the case of sugar beets, that Federal

agencies must enable coexistence between conventional, organic and

biotechnology production systems.

12.2 The European regulatory framework for genetically
modified organisms (GMOs)

In 1990, European regulations began to provide a framework for dissemination

in confined areas or into the environment, mainly through risk assessment

(European Commission, 1990a,b). Subsequently, a specific labelling procedure

was implemented via the general regulation on `novel foods and novel
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ingredients' (European Commission, 1997) and more specific regulations

(Davison and Bertheau, 2007, 2008).

The European Food Safety Authority (EFSA), founded in 2002, became the

central risk assessor for foodstuffs, including cultivated and imported GMOs.

The EFSA `GMO panel' also assesses environmental risks, which one may think

would had to come under the brief of the European Environment Agency.

The creation of a European risk assessor may seem surprisingly slow in

coming. As a comparison, the French agency (AFSSA; i.e. Agence FrancËaise de

SeÂcuriteÂ Sanitaire des Aliments, French Food Safety Agency) was founded in

1998 and the Commission du GeÂnie GeÂneÂtique (genetic engineering, about

confined uses) (CGG) and Commission du GeÂnie BiomoleÂculaire (biomolecular

engineering about dissemination in the environment) commissions were formed

in 1988.

12.2.1 GMO traceability

Following various food crises in the EU (BSE, dioxin, salmonella, etc.), the

traceability of foodstuffs has become compulsory in the EU for all operators, one

step back ± one step forward (European Commission, 2002). This ISO standard on

traceability (International Organisation for Standardisation, 2007) was already

implemented for GMOs, which were considered as novel foods and novel

ingredients (European Commission, 1997), with a 1% threshold label for adventi-

tious or technically unavoidable presence (European Commission, 2000a,b).

Traceability measures evolved again with directive 2001/18/EEC and

regulations 1829/2003/EC and 1830/2003/EC, lowering the labelling threshold

to 0.9%, and various other more technical regulations (European Commission,

2001, 2003a,b, 2004a,b). Lastly, by signing the Cartagena Protocol, the EU

ensures the same quality for products intended for export as those intended for

the domestic market through a regulation concerning transboundary movements

(European Commission, 2003c).

Following on from the pioneering French and Belgian networks, a GMO

detection network, ENGL (European Network of GMO Laboratories, http://

mbg.jrc.ec.europa.eu/), chaired by the Joint Research Centre (JRC) was set up in

2002 to share information and draw up guidelines (performance criteria,

unauthorised GMO detection strategy, etc.). This network supports the European

Union Reference Laboratory (EURL-GMFF), hosted by the JRC's Ispra site, in

charge of inter-laboratory validation of methods submitted by applicant companies.

Regulations are set to change following the evaluation of the EU legislative

framework on GM food and feed which has just been completed (http://

ec.europa.eu/food/food/biotechnology/evaluation/, http://ec.europa.eu/food/

food/biotechnology/evaluation/docs/GMO_September_progress_report_en.pdf,

http://ec.europa.eu/food/food/biotechnology/evaluation/docs/eval_EU_leg.pdf)

and an assessment of the ENGL. It underscores the devolution to the DG Health

and Consumers of the entire GMO dossier, as provided for by the second

Barroso Commission following the departure of the former European Commis-
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sioner for the Environment, Stavros Dimas. Also `in charge of' the EFSA, the

DG Health and Consumers has become, in addition to its role as principal of the

JRC IHCP (Joint Research Centre; Institute for Health and Consumer

Protection) in charge of validating GMO detection methods, the European

spearhead as regards the health and environmental implications of GMOs.

Various national traceability programmes conducted in the 1990s and the

European Framework programmes worked on developing detection methods.

These programmes developed sampling and detection methods and strategies

concerning in particular unauthorised or unknown GMOs and gene stacking, and

focused on the costs of such detection methods. They also highlighted operators'

practices, such as their contractual threshold being significantly lower than the

European labelling threshold (see below). Operators favour supply chain

certification by a third party, namely via the main `traders' or local initiatives,

paying specific attention to documentary traceability data. Sound knowledge of

the critical points of food chains, generally through the HACCP method, can cut

the costs of analytical traceability and controls.

Due to the difficulties encountered in the collection of the necessary GMO

seed and the close ties between national and European competent authorities,

these research programmes were able to considerably influence European

regulations in 2003. These regulations now oblige applicant companies to

provide: (i) reference material to the Commission's Joint Research Centre (JRC-

IRMM, Joint Research Centre, Institute for Reference Materials and Measure-

ments), (ii) GMO identification and quantification methods (JRC-IHCP) and

(iii) a financial contribution to costs incurred.

Many participants in these programmes from public institutions were also

members of the ENGL and of the delegations to the CEN (European Committee

for Standardisation: www.cen.eu) and the ISO (International Organisation for

Standardisation: www.iso.org) which created the current standards on GMO

detection. The French standard published in 2000 on the performance criteria of

methods was used as a reference for the CEN ISO/DIS 24276 standard, the

principle of which (definitions and method performance criteria) was selected in

other areas of detection, such as microbiology, before the actual analysis

methods were standardised. A consistent set of standards covering sampling and

detection methods based on proteins and DNA is now in place. A new working

group was recently formed at the ISO to update the standards and consider other

aspects of the identification of organisms that are or are not modified by

transgenesis.

In order to ensure the interoperability and the quality of results, training

courses have been offered for several years by the JRC-IHCP, for third countries

in particular. Following on from the ENGL, GMO detection networks have been

set up in various regions across the globe, such as around the Black Sea. These

networks are in constant contact with each other and the laboratories which

conduct tests in emerging countries such as China are invited to ENGL

meetings. A database containing all detection methods has been created (Dong

et al., 2008), alongside the publication of validated European methods.

194 Food chain integrity

ßWoodhead Publishing Limited, 2011

�� �� �� �� ��



A quality assurance system has been set up in control laboratories and

authorised national bodies grant accreditations, which may or may not be

flexible, to laboratories (Zel et al., 2006, 2008). This contributes to European

quality systems (European Commission, 2006).

All analysis methods include various phases (sampling, crushing and reduc-

tion of laboratory samples to test portions, analyte extraction, analyses), also

known as `modules' in the field of GMOs. Various taxa or GMO quantification

PCR methods each represent a module. A method is validated either by various

laboratories (inter-laboratory validation), or internally (in-house validation), the

former being the most common and the solution used up to now for GMO

detection. Prior to GMO detection developments, analysis methods were

validated for the entire analysis process including all modules.

While this `global' approach could be used to determine measurement

uncertainties, it required significant adaptations, or even new and costly

validations, when the matrix to be analysed changed. The formalisation by

Holst-Jensen and Berdal (2004) of the `modular approach' for the development

and validation of GMO detection methods enabled control laboratories and

method developers to focus on the variables of GMO detection, namely the PCR

analysis method used for the screening or identification of GMOs and of taxa,

whether they represent cultivars or donor organisms of transgene sequences.

Since this procedure was made formal, and also adopted in other detection

sectors, detection methods developers can concentrate on the PCR modules that

are alone validated by the EURL-GMFF. Recent studies have proven the

independence of the modules and the ability to determine total measurement

uncertainty (Bellocchi et al., 2010b).

GMO labelling is mandatory in the EU. European regulations only state one

labelling exemption threshold below a relative value of GMO content, expressed

as a percentage, without stating the unit of measurement used. There have been

various interpretations regarding the units to be used in the GMO content

calculation. Seed manufacturers considered the number of seeds, traders went by

mass, and control laboratories used the number of DNAmolecules, as this analyte

is sufficiently resistant to agri-industrial farm produce processing procedures and

can be identified across the entire supply chain. The situation has now been

standardised by using the DNA unit expressed as `haploid genome equivalents'

(European Commission, 2004a). The modular approach and the `haploid genome

equivalent' are now used as international standards due to their pragmatism,

multiple uses and practicality which suit the needs of analysts and developers.

12.3 Current challenges for traceability in supply chains
containing and `free from' genetically modified organisms
(GMOs)

12.3.1 Sampling

In traceability, sampling is the basis of all analytical tests. It aims to provide
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control laboratories with a laboratory sample representative of the lot to be

analysed.

As world trade is a key factor of many GMO-related supply chains, the first

European studies focused on bulk commodities. Studies had demonstrated that,

with the exception of certified commercial seed which presented a homogeneous

distribution (Remund et al., 2001; Laffont et al., 2005), GMO presence is

heterogeneous, particularly in bulk commodity cargoes, as seen for mycotoxins

(Paoletti et al., 2003, 2005, 2007). Sampling plans need a number of

assumptions with regard to the normal or non-normal distribution of target

products. These studies gave rise to a European recommendation concerning

sampling, which is not routinely used due to the high level of costs involved.

The main advantage of this European recommendation was to state the incre-

ment sampling procedures and the possible use of all or part of these increments

according to the analysis results on the first increments.

Some countries now use ISO-based sampling plans or mycotoxin sampling

plans (Brera et al., 2005; Macarthur et al., 2007). New sampling plans have also

been developed that are not based on normal or non-normal distribution

assumptions (Bellocchi et al., 2006).

Various experimental and theoretical studies have been conducted with

regard to sampling in the field, which is essential for supply chain traceability

and coexistence. While random sampling seems to be the best statistical

solution, it is too costly for routine applications. Alternative solutions have been

put forward, but have proved to be too complex and expensive, or sensitive to

different factors such as higher levels of dryness along the edge of fields

(DEFRA, 2005; Messeguer et al., 2006; Pla et al., 2006; Sustar-Vrozlic et al.,

2010).

Therefore, there is a current lack of consensus sampling plans for bulk

commodities, or field sampling, from GAFTA, the EU or ISO, which are often

very general. One of the practical repercussions of this lack of consensus, with

inter-laboratory measurement uncertainty and the room for manoeuvre that

operators wish to protect for the management of later contaminations, is the

contractual threshold used by operators, which is considerably lower than the

European labelling threshold (0.01%±0.1% depending on the contract). That

issue is not specific to the GMO domain.

12.3.2 Cost-benefit analysis for traceability

Operators often complain about the costs of traceability obligations. Despite a

number of articles on this issue, some of which are relatively unreliable in the

figures proposed, it is currently impossible to have a clear idea, especially in

quantitative terms, of the benefit-cost ratio of GMO traceability.

Operators do not consider their obligations under regulation 178/2002

separately from their GMO-specific obligations. Presented analysis cost

estimates vary from simple screening, catalogue prices, which do not include

price negotiations related to the analysis quantities, to comprehensive estimates
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including tests for all possible GMOs. While multinationals claim many

analyses across the supply chains, in-depth discussions have revealed that in

practice only a few analyses are conducted, most upstream of the supply chain

on raw materials that are easier to analyse, while analysis reports alone are used

further downstream. Similarly, sampling costs are often overestimated whereas

most samples taken are used for various analyses, such as those on mycotoxin or

allergen (producing organisms) contents.

Whereas costs are always overestimated, the benefits are generally com-

pletely overlooked, such as what can be learned from PCR analysis results also

used in the detection of allergen or mycotoxin producing organisms. Operators

seldom consider generated value in terms of corporate image and reputation.

The only data that we have been able to collect concerns the premiums of

non-GMO products, which include analysis costs but also other aspects such as

practical measures for food and feed chain coexistence, which are generally

stops at the gates of the farms or silos.

No reliable data is currently available on the actual costs incurred by

traceability and tests on GMO products in non-GMO supply chains. Given the

practices of operators (analysis of relatively raw materials upstream of the chain

followed by documentary traceability), it seems unlikely that the cost of GMO

analytical traceability has a real impact on the end price of non-GMO products.

The price of raw materials only represents a small share of the end costs of the

products on our supermarket shelves, with the exception of direct sales of

unprocessed products.

It seems likely that we will never obtain such quantitative data from the

interaction of supply chain players as operators consider such data to be a trade

secret. The lack of empirical economists with a good understanding of

operators' practices favours this situation. Operators can thus justify their higher

costs, which are passed on in non-GMO premiums, and are at an advantage in

negotiations with buyers and public authorities.

12.3.3 Unambiguous taxonomic identification

The identification of taxa (cultivars or organisms with sequences used in GMO

inserts) is necessary for two reasons. Firstly, for relative quantification as

requested for in the European regulations (see equation below). Secondly, to

prevent false positives in GMO `screening' methods by detecting `donor

organism'. The determination of the presence of donor organisms is particularly

important when the differential quantitative PCR method (dQ-PCR) is used to

detect the presence of unauthorised or unknown GMOs.

relative GMO content � GMO specific sequences number

taxon specific sequences number
� 100

In the case of plant species, or of lower taxonomic levels (such as the potato:

Solanum tuberosum subsp. tuberosum), the genetic and geographical differences

between cultivated varieties should be considered when choosing a reference
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system that can determine the quantity of the crop. Various criteria in the choice

of taxon-specific reference systems are specified in the CEN 24276 and 21570

standards and in the ENGL performance criteria. Therefore, it is required to use

at least: (i) twenty cultivated varieties that are representative of geographical and

genetic diversity, (ii) related species (to take into account gene introgressions in

plant improvement) and (iii) where possible ancestors of the cultivar. This work

has been conducted for maize as part of a reliable reference system based on the

adh gene (Hernandez et al., 2004), yet it has unfortunately not been conducted

for another maize reference system, also based on the adh gene (Broothaerts et

al., 2008). The very fact that two reference systems, one stable and the other not

considering mutations between varieties, are based on the same gene leads to

regrettable confusion and ultimately analyst errors.

More universal identification systems for the taxa concerned by cultivated

GMO species should be made available to keep analysis costs at the lowest

possible level (Chaouachi et al., 2007, 2008a,b,d).

This problem is already apparent for a cereal crop such as maize, and is even

more complex for `species complexes' such as canola, sugar beet (Fig. 12.1) or

families such as solanaceae. For instance, the GS2 reference system based on the

glutathione synthase gene provided by the applicant company for the EH7-1

sugar beet was validated by the EURL-GMFF through an inter-laboratory test

despite it is not specific to the sugar beet (Fig. 12.2). The same goes for potato or

canola reference systems (for example crossing with the two species from which

rapeseed originates).

This highlights two problems concerning the EURL-GMFF:

· The EURL-GMFF's mandate, which should be able to refuse taxon-specific

reference systems which do not come under the scope of application

requested for by European regulations.

· The pressure put on the EURL-GMFF to validate methods, solely on the basis

of inter-laboratory validation statistical criteria, in order to speed up the GMO

authorisation process in the EU.

Such conflicts between analyst requirements, European regulatory specifications

and the actual possibilities of methods leave room for possible cases of fraud.

The second area requiring unambiguous taxonomic identification is that of

GMO screening tests, namely on organisms (generally viruses and bacteria)

from which the sequences used in GMO inserts originate. One GMO screening

method targets the sequences of these organisms due to their ubiquity in current

GMOs. The presence of donor organisms must now be verified to prevent false

positives. Such tests were until recently only available for the Cauliflower

Mosaic Virus (CaMV) the P35S promoter of which is used in screening and for

the detection of unauthorised and unknown GMOs (Feinberg et al., 2005;

Fernandez et al., 2005; Cankar et al., 2008; Chaouachi et al., 2008c). Such tests

are still lacking for Agrobacterium spp. (Pnos, Tnos sequences used in

screening), for Bacillus thuringiensis (bt gene sequences used in screening) or

bacteria carrying the nptII gene (also used in screening).
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Fig. 12.1 Taxonomy of the sugar beet.
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Fig. 12.2 Specific features of two reference systems (SPS, INRA; GS2: applicant company) for sugar beet (INRA).
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This absence of qualitative and preferably also quantitative detection

methods leads to false positives and compromises analysts' ability to detect

the presence of unauthorised or unknown GMOs (Cankar et al., 2008).

The issue of EURL-GMFF's mandate extension once again arises as national

research laboratories have not been able to provide the necessary methods.

The problem of identifying and quantifying taxa is already obvious for plant

species but it has not yet been addressed for animal species. Ongoing studies of

genetically modified fishes demonstrate that the current systems used to identify

species and geographical origin use mostly barcoding that is not suited to the

relative quantification of genetically modified animals. In an age when

genetically modified salmon or pork may be deregulated in North America, it

is clear that the animal sector has reached the same stage as plant GMOs in 1996

with regard to detection and therefore in terms of satisfaction of the European

regulatory framework.

12.3.4 Reference material

Reference material is of the utmost importance for the application of both

qualitative and quantitative detection methods. A certified reference material

(CRM) by JRC-IRMM of most GMOs on the market is available in the form of

seed powder with known (mass/mass) GMO quantities.

Yet in plant biology a direct relationship cannot be established between

masses and DNA content, the unit recommended by the Commission in the form

of haploid genome equivalent (Holst-Jensen et al., 2006). Moreover, the

availability of these CRMs is dependent on applicant companies and on the

cultivation of plants for seed production, for which the varieties used may vary

over time. Additional problems of DNA stability (which deteriorates over time),

observed by our INRA laboratory as early as 2000, led the JRC-IRMM to

modify its CRM preparation by conducting all operations throughout dry steps.

Following on from Japan, Europe has now turned to alternative CRMs for

which the commutability between reference materials is set to be demonstrated

(Trapmann et al., 2002). After having tested various alternatives, such as seed

genomic DNA or random amplified genomic DNA, for instance in the frame of

Co-Extra, the JRC-IRMM is now developing an alternative CRM concerning

plasmids containing sequences of interest (Charels et al., 2007a,b, 2008;

Trapmann et al., 2010).

Such CRMs should ensure the long-term availability of stable reference

material, at a low cost and which is easily multipliable even after GM crop

withdrawal from the market, and therefore herald the end of the cultivation of

some GMOs.

12.3.5 Unauthorised GMOs

The relatively short past of GMOs has been marked by the uncontrolled

dissemination of GMOs that are either unauthorised (rice LL601, maize BT10,
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linseed FP967, Amadea potato) or limited to certain uses (StarlinkTM maize

withdrawn from the market in 2001 but still found in cargoes in 2006). The

rising production in emerging countries of GMOs cultivated without prior

authorisation (rice Bt63, KeFeng6, KMD1) is, alongside `biohacking' (http://

biohack.sourceforge.net/) and possible GMOs for terrorist purposes, a growing

concern not only in countries which implement GM traceability and labelling

but also in the USA which considers its near monopoly of initial GMO

marketing, and therefore testing, threatened (GAO, 2008). Asynchronous and

isolated authorisations also have a significant effect on European imports,

particularly with regard to animal feed (Lheureux et al., 2003; GoÂmez-Barbero

and RodrõÂguez-Cerezo, 2006; Stein and Rodriguez-Cerezo, 2009, 2010a,b).

Putting the safety aspects related to the dissemination of unauthorised GMOs

aside, such disseminations have had a significant economic effect on supply

chains and world trade since the first StarlinkTM scandal. The total cost of

analyses, various tests and market withdrawals is estimated at over one billion

US dollars. In this regard, Greenpeace's alerts on various unauthorised GMOs

have been particularly helpful.

GMO detection is therefore a challenge for public authorities and consumers,

as it is for the analytical laboratories who have taken up this task at a research

level, in particular through the European Co-Extra project, and an ENGL

working group.

A wide range of GMO detection methods is now available. This allows

analysts to use methods that are directly applicable and at a low cost such as the

differential quantitative PCR (dQ-PCR) or more complex methods such as the

`matrix approach' (Cankar et al., 2008; Chaouachi et al., 2008d). At the top end

of the scale of complexity and costs, a technique which detects all elements from

plant transformation plasmids may be used to detect all GMOs which can

currently be engineered (Tengs et al., 2007). As with some other techniques

which are also available (anchored PCR, full sequencing, etc.), this method

should be limited to cases in which food safety is at risk.

We can currently believe that any GMOs able to go undetected under the

current range of unauthorised and unknown GMO detection systems could only

be engineered by nations or financially and technically powerful organisations

able to develop new types of organism transformation tools.

12.3.6 Gene stacking

Gene stacking in the field of genetic engineering is generally defined as the

natural crossing of various GMOs resulting from the initial transformation of an

organism. A recent overview demonstrates the complexity of this general

terminology (Taverniers et al., 2008). The proportion of areas cultivated with

these `high-technology' GMOs, as some call them, is growing (James, 2010).

Their purchase price is also on the rise for farmers. With eight stacked traits,

SmartStaxTM is currently the commercial GMO with the highest number of

traits.
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In some third countries, such as the USA, the deregulation of transformation

events subsequently allows all combinations in stacks. Regulations in other

countries such as Japan and the EU consider GMOs resulting from stacked genes

as new GMOs subject to new risk assessments and marketing authorisations. A

stacked GMO therefore may not be authorised even though its constituents may

be. Conversely, a number of authorisation applications in the EU concern

stacked genes while the initial transformation events have not been subject to

such an application. Detection methods that are able to distinguish the presence

of initial transformation events or stacking in GMO mixtures or stacked GMOs

are thus necessary.

The simplest solution, which is, however, the longest and most costly,

involves analysing a sample kernel by kernel (Akiyama et al., 2008). A different

approach has been developed in Europe as part of the Co-Extra programme,

using the sub-sampling technique with qualitative methods to determine the

probability of the presence of stacked GMOs. This technique is unfortunately

still limited to two stacks but could be improved upon to determine the presence

of more traits and therefore provide greater correspondence with ongoing

authorisations.

The method developed in Europe uses qualitative detection methods (Ancel

et al., 2010). The use of quantitative methods should provide more information,

but this approach requires further modelling.

The need to detect several traits within a single organism is not specific to

GMOs. It can be used to detect several genes, such as pathogens multiresistant to

antibiotics.

12.3.7 `GMO-free' supply chains and detection limits

France is among the Member States which plan to define `GMO-free' supply

chains with a 0.1% threshold, thus lower than the European labelling threshold

for adventitious and technically unavoidable presence. This value meets both

demands from French organic producers (organic agriculture working group of

the INAO; Institut National des Appellations d'Origine ControÃ leÂe; French

institute for protected designations of origin ) and the limits of the current PCR

quantification methods which only aim to increase the reliability of GMO

quantification, at a reasonable cost, according to the 0.9% threshold.

If we consider that operators in `GMO-free' supply chains will work along

the same lines as conventional agriculture operators with a contractual threshold

one third to one tenth lower than the labelling threshold, operators will

consequently work close to the detection limit of most of the current PCR

methods.

What are the options for operators working within this range of values? The

first commonly used procedure involves requesting a `negative PCR' from their

suppliers. When issued by an accredited laboratory, and supposing that the

laboratory sample is representative of the lot to be analysed, this type of result is

considered sufficient as, according to CEN/ISO standards, method detection
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limits must be close to 0.01%. In a worst case scenario, the laboratory could

modify its technique to drop down to 0.01%. This qualitative approach is also

advantageous for operators as it only requires positive and negative reference

material and low-cost PCR methods. The lack of CRM between 0.1% and 0%

should not be an obstacle in this case.

As regards positive qualitative PCR methods set at 0.01%, some operators

would like to have an idea of the quantity of GMOs actually present within the

0.1% and 0.01% range, which are usually the detection and quantification limits

of standard PCR methods, so that they can draw up a management strategy for

positive lots. They have several options, which require at the very least careful

preparation of internal standards based on CRMs. The first solution would be to

improve the quantification limit of usual quantitative methods, for example by

using an optimisation plan by attributes, as the theoretical detection limit of a

PCR is 0.00002%. One alternative would be to use a method other than PCR

such as the method described by Corbisier et al. (2010). Lastly, applying

qualitative methods and MPN statistics or a sub-sampling strategy, the GMO

content versus a predetermined value can be obtained with precision, as it is

based on a statistical approach that only depends on the number of (sub-)samples

analysed (Kobilinsky and Bertheau, 2005; Berdal et al., 2008). In both cases,

only the end cost of the tests, which are individually less costly as they are

qualitative, will limit the precision of the result and the detection limit. Both

methodologies are widely used in microbiology and seed quality management

(Remund et al., 2001; Lee et al., 2009; Schulz et al., 2010).

Cost is therefore the limiting factor for practical detection and quantification

limits which can be used in `GMO-free' or (nationally defined) organic

agriculture supply chains.

12.3.8 Multiplexing and qualitative methods

There are approximately one hundred commercially authorised GMOs, not

counting stacked genes, despite the first market withdrawals of GMOs with

outdated technology. The main component of analysis costs is the time spent by

the analyst, from DNA extraction to provision of the results. Multiplex methods

have been developed in response to the growing number of GMOs. They may

combine screening methods, i.e. screening sequences ubiquitous in GMOs,

GMO and taxa identification methods, including testing for donor organism

presence in transgenic sequences.

The shortcomings of the multiplexing of real-time quantitative PCR (QRT-

PCR) methods have rapidly become apparent due to the overlap in the spectra of

the fluorophores used in this technique.

As a result, method multiplexing has turned to a derivative of SNP studies on

organisms and DNA chip methods (Chaouachi et al., 2008d; Hamels et al., 2009).

These methods, although qualitative, may be validated by inter-laboratory tests

and may provide the GMO content versus a predetermined value through sub-

sampling techniques (Leimanis et al., 2008; Bellocchi et al., 2010a).
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Routine use should not depend on the total analysis cost, as when considered

in terms of the number of detections made, these technologies prove to be very

competitive compared to real-time quantitative PCR methods. Whether such

methods will be successful will depend more on the obstacle of analysts'

reluctance to change their practices and the initial purchase cost of some

apparatus. The Eppendorf DNA chip (DualChipÕ) is relatively inexpensive,

given the amount of data provided, the assistance from the software package and

its ability to indicate result discrepancies between screening and identification

methods. Based on the `matrix approach', this software package is the first

developed to routinely suspect the presence of unauthorised or unknown GMOs

in a sample.

12.4 Conclusions

Traceability, which is documentary in the normative sense of the term, has long

been used by European agri-food supply chains, particularly for indicators of

quality. There is a developing market segmentation involving even third

countries which have up to now shown reticence concerning these labels as they

are more attached to commercial brands. Various technologies such as RFID

chips have paved the way for its implementation into increasingly complex agri-

food chains often operating with just-in-time methods from European or third

sources.

Following various health crises, traceability has become mandatory in the EU

for all food- and feed-stuffs. This move has gained momentum in some sectors

of the food industry, partly to meet health requirements (mycotoxins, allergens,

etc.) and to ensure consumers enjoy freedom of choice, as is the case for GMOs.

Analytical tests are an essential corollary to traceability and fraud prevention.

An array of test techniques is applied in science. Yet molecular biology, using

methods such as PCR, since 1989 ± the first time its current description was

used, can assuredly claim to be the most changing and plentiful sector in the

arsenal of routine test methodologies beside some recent physico-chemical

methodologies.

GMOs have undergone a relatively uncommon structuring in the field of

testing, mainly due to their media coverage. This is demonstrated by the swift

implementation of test systems. GMO testing has also been advanced by the de

novo creation of a scientific community which rapidly started to work together

in research programmes and standardisation bodies in close liaison with national

and European competent authorities through information sharing networks, such

as ENGL, and inter-laboratory validation.

Some aspects of GMO detection strategies, methods and concepts may seem

innovative. They must, however, be considered with regard to the more general

detection-related innovations made over the last decade. They have also been

developed by using or adapting practices from other sectors, as is the case for

sub-sampling plans for example.
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A share of the results from the GMO sector should provide useful insights for

other test sectors. Examples include sub-sampling to determine target content,

inter-laboratory validations of qualitative multiplex methods, decision support

systems, differential quantitative PCR and the matrix approach for the detection

of unauthorised or unknown GMOs, and the detection of stacked genes at an age

when pathogens that are multiresistant to antibiotics are rife.

In conclusion, traceability is essential for supply-chains coexistence that

upholds the freedom of choice of consumers and, by extension, that of producers

through preserved markets. In addition to providing information directly to

consumers on GMOs, traceability is a factor which structures territories by

creating a direct relationship between production, production type and location

(Conchoy, 2001).

The European Union is far from alone in its attitude to GMOs and could act

as a meeting point for the traceability and coexistence of production types

(Davison, 2010).
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13.1 Introduction

Sampling is a critical procedure whenever a decision is taken based on the

results of sample measurements, and it is recognized worldwide that sampling

contributes greatly to overall uncertainty in food control. It is important to

consider that in order to correctly conduct discretionary and mandatory food and

feed safety and quality control, it is crucial to obtain analytical samples that are

representative of an entire batch of material that may weigh up to several

13
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thousand tons. Analytical samples and test portions are very significantly

smaller than bulk commodities and to obtain a representative sample, a proper

sampling regime must be followed.

Even though optimizing of sampling plans can lead to procedures that are

more cost effective, sampling is often not treated with due importance and very

often improper `shortcuts' are taken rendering all the efforts to obtain a

representative sample useless. It is therefore common practice for stakeholders

in the food industry to use contractual thresholds that are lower than official

thresholds in order to manage this issue. This then puts seed companies and

farmers under high pressure. Correct sampling procedures are also critical

because the factors at stake ± food and feed safety and quality ± are of primary

importance. Fit for purpose sampling procedures are required to implement

official control measures and for traceability and labelling. Incorrect sampling

leads to conflicts that can cause significant economic losses for producers, lack

of trust on the part of consumers, legal suits or annulments of contracts.

These considerations are valid for the wide spectrum of situations in which

sampling for food control is carried out, yet are pivotal in the case of GMOs

(genetically modified organisms). This is because traceability, labelling systems

in official control and coexistence in the agricultural sector are issues strictly

linked with sampling. In the wide range of different scenarios where sampling is

required for GMO control, fit for purpose sampling procedures are far from

available. Effective GMO traceability is imperative to implement GMO

labelling regulation, facilitate withdrawal of products where adverse effects

on human and animal health or the environment are foreseen, and not least for

monitoring of potential effects in the environment. Organizations in the food

industry now have to consider the issue of sampling for GMO control since,

according to EU Regulations 178/2002/EC and 1830/2003/EC (EC, 2003b) and

directive 2001/18/EEC products have to be traceable along all food and feed

production and distribution chains and at each point of commercialization.

Farmers now have to deal with coexistence of GM and non-GM crops in

agricultural production systems and face the possibility of adventitious or

unintended presence of GM crops in non-GM crops and vice versa. This induced

the EU to set up Commission Recommendation 2003/556/EC (EC, 2003a),

amended in 2010 (Commission Recommendation 2010/C 200/01), which give

guidelines on the development of national strategies and practices according to

the European subsidiarity principle, to ensure that GM production crops can

coexist with conventional and organic farming. Farmers should be able to

choose to cultivate, after a consultation phase with their neighbours, any kind of

agricultural crops, and none of these forms of agriculture should be excluded in

the EU territory. However, the EC is currently changing its policy framework as

GMO-free regions may now be established (e.g. Madeira). Farmers need to be

able to maintain the production system of their choice. For this purpose adequate

control and inspection systems have to be implemented and use of proper

sampling procedures is essential to ensure successful functioning of co-existence

measures.
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The point at issue for GMO control is the heterogeneity of all the variables

involved (lot, material, distribution). Sampling procedures could be said to be

straightforward when the distributions of all the elements in the bulk material

are homogeneous. This is the case for commercial seeds, for example, as all the

samples taken from the bulk are identical. But homogeneity is neither a

characteristic of the real world nor of GM material (Gy, 2004). Furthermore, the

outputs of the most relevant study on GMO distribution in soybean grain lots

(Paoletti et al., 2006), evidenced from analysis of a sound number of lots, that

GM material distribution is heterogeneous. At the European level, research on

topics associated with GMOs has been of great interest; sampling is one of the

aspects frequently covered and there have been significant research outputs on

novel sampling approaches and strategies for sampling in food and feed chains,

including at the field level.

Sampling processes generate unavoidable sampling errors that must be

controlled in order to maintain the representativeness of the sample despite the

contribution of the errors. If the approach to the task is not scientific, the risk of

uncontrolled amplification of the errors can invalidate the analytical result due

to lack of representativeness. The most relevant parameter by which to assess

the reliability of GMO control plans (which involve both sampling and analysis

of products for GMO measurement), is total uncertainty. Two major components

of total uncertainty are commonly distinguished: analytical uncertainty, which is

associated with the analytical results and sampling uncertainty, which is

associated with the sampling procedure. Analytical uncertainty evaluation is a

routine exercise and regulations, different kinds of guidance (such as ISO norms,

GAFTA), and sound scientific references relevant to GMOs in this area (https://

englnet.jrc.it/sites/engl/Lists/Announcements/Attachments/48/2009-02-

10%20MU%20guidance%20doc_v2.pdf; Macarthur et al., 2010) have been

produced. However the only procedure that can be considered sound and com-

plete for estimating sampling uncertainty in GMO control is the EURACHEM

guide (EURACHEM/CITAC, 2007). At present different approaches for

sampling GM seeds, grains and processed products exist, but the various

circumstances in which testing is necessary are so diverse and not all the

approaches are exhaustive, so gaps in knowledge and provision of recom-

mendations still persist. Regardless of the scenario and the stakeholders

involved, the unchanging issue at stake is to match appropriate statistical

approaches for dealing with uncertainty and representativeness with practical

feasibility, costs and personnel requirements.

13.2 Overview of international norms and legislative
provisions

When performing official and discretionary control activities associated with

heterogeneously distributed analytes such as mycotoxins in bulk lots, it is

pivotal to use suitable diagnostic tools and to be able to guarantee the reliability
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of the information gained. One of the more common errors is the use of random

sampling plans when testing heterogeneous lots (Gy, 1995; Paoletti et al., 2006).

This is particularly relevant for GMO control, as presuming randomness is risky,

as explained by Lischer (2001) and sampling errors are increased by

misinterpretation of the particle distribution. If particles are independent from

one another, then the distribution is random. If, however, their occurrence is

considered to be characterized by a certain distribution pattern, as is the case for

GMOs, then different sampling plans should be used. Furthermore it has to be

considered that the judgement on the amount of transgenic material in a lot

depends only on the analysis of a test portion of a few milligrams (generally 200

mg), which has to represent tons of the commodity in question in bulk (Kay et

al., 2002). With this in mind the need to create accurate and feasible sampling

procedures has been taken up at an international level by the most relevant

organizations operating in the agri-food chains.

13.2.1 The European approach

To fulfil the requirements set out in Regulation 2003/1830/EC, in 2004 the

European Commission put in place Recommendation 787/2004/EC, which

provides technical guidance on sampling and detection of GMOs and material

produced from GMOs. Furthermore, following the entry of the non-authorized

GMO LL RICE 601 into rice products, the European Commission provided

sampling and analytical strategies (Commission decision 2006/754/EC) as an

emergency measure. Although Recommendation 787/2004/EC did not result in a

legally binding act, it provided the first indications of how to collect samples for

control purposes based on the results of the KeLDA (Kernel lot distribution

assessment) project. This was a European Network of GMO Laboratories'

(ENGL) collaborative research project, coordinated by the Molecular Biology

and Genomics Unit of the Joint Research Centre's Institute for Health and

Consumer Protection (IHCP-JRC). It focussed on assessing the distribution of

GM material in fifteen commercial soybeans grain lots (Paoletti et al., 2006).

Recommendation 787/2004/EC addressed some of relevant knowledge gaps,

such as how to detect the adventitious or technically-unavoidable presence of

GMOs in non-GMO lots.

For seeds and other propagating material the Recommendation refers the

reader to International Seed Testing Association (ISTA) rules (ISTA, 2007).

Specific procedures for sampling bulk agricultural commodities (grains, oilseeds,

etc.) are indicated in Recommendation 787/2004/EC based on those described in

ISO standards 6644 and 13690, now both replaced by ISO standard 24333. The

approach followed in the EC Recommendation is to draw 500 g increment

samples and an equal weight and number of file increment samples (to be stored

for potential sampling uncertainty measurement). The number of samples is

defined in the Recommendation and depends on the lot size. The increment

samples have to be combined to form a unique bulk sample which is then

analysed. Furthermore, the Recommendation provides an innovative
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methodology for decisions as to labelling based on the estimation of measure-

ment uncertainty. Where the analytical result obtained is close to the labelling

threshold established by the EU (threshold � 50% of its value) analysis of the

individual file increment samples is recommended to provide a measure of the

associated uncertainty. The � 50% value is consistent with the ISO 21570:2005

definition of consistency of test portions. In addition, the Recommendation refers

to ISO standard 2859 for the sampling of pre-packaged food and feed products,

even though this ISO standard is not specifically intended for GMO control.

Additionally, Working Group 11 of the European Committee for Standard-

ization Technical Committee 275 (CEN/TC 275 WG11) led the development of

Technical Specification CEN/TS 15568:2006 (Foodstuffs ± Methods of analysis

for the detection of genetically modified organisms and derived products ±

Sampling strategies). This gives guidance on setting up valid sampling strategies

for foodstuffs to be analysed for GMO control and can also be applied to feed

and plant samples from the environment. The approach outlined is essentially

similar to that of Recommendation 787/2004/EC, but the Technical Specifica-

tion includes a wider list of terms and definitions, with particular emphasis on

sampling division and sampling strategy. The Technical Specification provides a

more detailed description of the sampling plans (such as are provided in

different standards for other analytes) consisting of three steps:

1. collection of increment samples depending on lot size;

2. reduction of the aggregate sample to a laboratory sample;

3. grinding the laboratory sample to the appropriate particle size and

homogenization.

In addition, it clearly states that, whenever technically possible, sampling should

be performed in dynamic conditions, for example during loading or unloading of

ships, lorries, vans, etc.

The approach to sampling uncertainty is the same as that found in

Recommendation 787/2004/EC. The sampling equipment should be accessible

to facilitate inspection and cleaning. For dynamic sampling, the increments

should be taken from as much of the cross section of the flowing material as

possible. For static sampling, the increments should be taken from defined points

in the available area throughout the whole height of the lot under investigation.

As for pre-packed units, an alternative to ISO 2859 is provided. For pre-packed

units up to 50 kg, increments should be taken from specific points, such as the

top, middle and bottom of the items using suitable spears. The number of pre-

packed items to be sampled depends on the lot size, as shown in Table 13.1.

For bulk commodities, in all the cases, the number of sampling points is

defined according to the lot size as shown in Table 13.2.

13.2.2 Gaps and limitations

Recommendation 787/2004/EC has its drawbacks. The difficulties experienced

by those following it have been discussed at different national and international
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`technical round-tables'. However, to date, six years after the publication of the

Recommendation, there has not been agreement on how it should be improved

(Davison et al., 2007). Two of the most serious limitations are described

below, Firstly, the procedures in ISO standard 2859, recommended for

sampling pre-packaged products, indicated in Recommendation 787/2004/EC

without any further specifications to make them applicable to GMOs, are

completely unfeasible for sampling for GMO control and are not fit for

purpose. This ISO standard is a complex standard generally used to guide

quality control sampling, which involves inspection of attributes. Until now no

studies have verified that it provides reliable results when sampling packaged

food and feed products for GMO control. Furthermore competent authorities

have not found it to be appropriate for this purpose (Waiblinger, 2008; Onori,

2008: http://gmoglobalconference.jrc.ec.europa.eu/2008/Presentations).

Secondly, the procedure to determine the uncertainty of the measurement

requires a very large number of analyses. Therefore it is costly and requires

significant recruitment of skilled personnel. For the reasons discussed above,

Recommendation 787/2004/EC, although statistically sound, fails to be useful

from a pragmatic and economic point of view. The Recommendation leaves

operators free to choose alternative sampling procedures, though they must

keep in mind the representativeness of the aggregate sample to the whole lot.

So far, only few EU Member States, if any, use the sampling plan

recommended by the EC.

13.2.3 Alternative sampling plans

Currently no other official legislation or norms specifically for GMO sampling

are in place. For this reason, in some countries, alternative sampling plans

Table 13.1 Number of pre-packed units to be collected following the CEN/TS
15568:2006

No. of pre-packed items No. of pre-packed items to be sampled

Up to 10 Each pre-packed item
10 to 100 10, gathered at random
More than 100 Square root of total number, collected according to a

proper sampling scheme

Table 13.2 Number of sampling points according to lot size following the CEN/TS
15568:2006

Lot size (tons) Bulk size (kg) No. of sampling points

� 50 5 10
50 to 500 0.01% of lot size 2 times bulk sample size (kg)
� 500 50 100
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developed for other analytes heterogeneously distributed in a lot, like EC

Regulation 401/2006 for mycotoxins, have been taken into consideration. This

regulation is actually implemented by the EU Member States and is based on a

similar approach to the one described in Recommendation 787.

The EU Co-Extra project (De Giacomo et al., 2009) aimed to verify whether

sampling methodology (EU Regulation 401/2006) in force within EU countries

for sampling of mycotoxins could also be used for representative sampling of

GMOs and derived products. The results of this study were in agreement with

other studies (Johansson et al., 2000; Montesinos et al., 2010) showing that

changes in sample size can affect the performance of sampling plans. In fact,

sampling according to EU Regulation 401/2006, which results in smaller sample

sizes than those generated by the procedures in Recommendation EU 787/2004

(100 g versus 500 g for incremental samples and 17 kg versus 50 kg for bulk

samples), was found not fit for purpose for control of GMOs present at very low

levels (< 0.01%) in raw bulk grain material. Since the performance of sampling

procedures is also influenced by the adopted threshold level (Johansson et al.,

2000), though, it is likely that the mycotoxin sampling methodology could also

be effective for GMO sampling to verify compliance with the EU labelling

threshold (0.9%).

ISO standard 24333:2009 (Cereals and cereal products ± Sampling) is

applicable to GMO sampling only for the assessment of the quality and

condition of GM cereal and cereal product lots. It is considered inappropriate for

the determination of the presence of adventitious GM material in non-GM

products. No specific studies support the reliability and accuracy of the sampling

procedure it describes for this purpose. Codex standard CAC/GL 50-2004

(General Guidelines on Sampling), might also represent another document that

could be followed for sampling for GMO control; however, it was not designed

specifically for this purpose. The guide states that in case of heterogeneous lots,

a stratified sampling procedure should be used, that consists of performing a

random sampling procedure in the homogeneous strata that make up the

heterogeneous lot. Therefore, it does not seem to be practicable in real

situations.

Table 13.3 provides a list of the most prominent guidance on and legislative

provisions and recommended procedures for sampling available at an

international level for GMO determination in seeds, food and feed products.

These could alternatively be adopted. It should be clear that these methods, if

adopted, should account for the associated error since in some cases they have

not been specifically developed for GMO control.

13.3 Strategies for cost-effective sampling in different
scenarios in food and feed chains

Central to the co-existence of GMO supply chains with non-GMO supply chains

is the provision of harmonized and validated sampling strategies. These should
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Table 13.3 Most relevant sampling norms, guides and legislative provisions

Material Source Lot size Aggregate Laboratory Incremental Incremental
sample sample samples size

Seeds ISTAa Variable 1 kg 3000 seeds One increment Not
depending on for 300 to indicated
species: from 700 kg

1 t to 4 t

Grains USDA/GIPSAb Up to 10 000 Not lower See 3 cups or 1 1.25 kg
bushel than 2 kg aggregate drawing per

(�245 000)± (� 2.5 kg) sample 500 bushel
10 000 sacks (about 12 000 kg)
if in bulk

Grains USDA/GIPSA As above At least three 2400 kernels Not indicated From 0.2 to
StarLinkc times laboratory 0.5 kg up

sample to 5 kg

All except ISO norm 24333d 500±1500 t 3±10 kg 1±10 kg 3±25 300±1900 g
seeds

Cereals Reg. 401/2006/EC From � 0.01 t 1±10 kg Depending on From 10 to 100 100 g
(Mycotoxins)e to 500 t the aggregate

sample from
1 to 3

Feeds Reg. 152/2009/CEf From � 2.5 t 4 kg 2 kg From 1 to 40 100 g as
to 80 t (reduced sample) minimum

a http://www.seedtest.org/en/contentÐ1±1083.html
b http://www.gipsa.usda.gov/GIPSA/webapp?area=home&subject=lr&topic=hb-hb-1
c http://archive.gipsa.usda.gov/rdd/cry9csampling.pdf
d ISO/FDIS24333:2009(E) Cereals and cereal products ± sampling
e Commission Regulation (EC) No. 401/2006 of 23 February 2006 laying down the methods of sampling and analysis for the official control of the levels of mycotoxins
in foodstuffs
f Commission Regulation (EC) No. 152/2009 of 27 January 2009 laying down the methods of sampling and analysis for the official control of feed
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preferably be structured as international standards, which support governmental

policies and are suitable for food producers. Sampling plan should be reliable,

cost effective (balancing costs and sampling uncertainty well) and feasible to

implement in the real world. In this section, sampling at field level and along the

food and feed processing chains is described.

13.3.1 Sampling in the field

In principle, farmers should be able to choose the types of agricultural crops they

cultivate, be they GM, conventional or organic (unless of course they farm in a

dedicated production zone, be it GMO, conventional or organic). However, there

is the possibility that GM crops will unintentionally be present in crops thought

not to be GM. Flexible co-existence measures (Demont et al., 2009, 2010;

Devos et al., 2009) in areas where GMOs are cultivated seek to avoid the

unintended presence of GMOs in other products, preventing the potential

economic lossses and other impacts of the admixture of GM and non-GM crops

(including organic crops). In order to help the Member States to develop

national approaches to co-existence at a European level, the Commission

adopted in July 2003 Recommendation 2003/556/EC, which was replaced in

July 2010 by the new Commission Recommendation 2010/C 200/01.

Both control and monitoring of adventitious GM presence in non-GM crops

are needed and can only be achieved through reliable sampling and testing

schemes. The results will be used for both validating the gene flow models used

in co-existence studies and by farmers and third-party certification companies in

the real production environment. Currently no GMO specific in-field sampling

standardized methodology is available. In addition the advantages of sampling

agricultural commodities in fields have not been investigated as extensively as

sampling after harvesting or processing have been.

The adventitious presence of GM crops in non-GM crops is mainly due to

cross-pollination between fields. Therefore, the development of reliable

sampling methodologies at field level has to be based on data gathered from

field experiments and/or computer simulations aimed at determining gene flow

in the environment and defining the various parameters that influence the

outcrossing rate in different conditions of coexistence. A lot of studies has been

performed for different crops: maize (Devos et al., 2005; Messeguer et al., 2006;

Weekes et al., 2007; HuÈsken et al., 2007; Langhof et al., 2008; Sanvido et al.,

2008; Angevin et al., 2008); brassica (Begg et al., 2008; Devaux et al., 2007,

2008; Garnier et al., 2008; Gruber et al., 2007; Ceddia et al., 2007) and sugar

beet (Andersen et al., 2005; Stark et al., 2006). So far no consensus on sampling

emerged from the several proposals.

GM maize cultures were until 2010 the only GM cultures authorised in the

EU. Accordingly, practical sampling work has mostly focused on this species. A

field sampling system was developed (Messeguer et al., 2006; Pla et al., 2006)

which allows the identification of pollen of foreign origin and the influence of

neighbouring fields on the total GM content. The system is accurate and useful
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for research purposes but is too expensive to be applied in practical conditions.

Moreover, this sampling plan is sensitive to edge row dryness. In France

(BeÂneÂtrix et al., 2003, 2005), sampling plans were developed in order to

accomplish the needs of farmers and cooperatives and to verify the efficiency of

the adopted agricultural practices. This practical approach needs further

experiments to validate it on the field scale.

Recently, two relevant studies were published describing field sampling

approaches for maize, functional for monitoring the adventitious presence of

GM crops (Allnut et al., 2008, SÏusÏtar-VozlicÏ et al., 2010). In the first study a

GM dispersal function (based on probabilistic studies deriving from field trials)

was used to simulate non-GM crops in the studied zone and the accuracy of five

different sampling schemes was tested. In this study, random sampling was

found to be the most accurate and least susceptible to the bias by GM spatial

structure or gradients. According to this model, the number of samples required

increased rapidly as the GMO content approached the GM threshold, implying

that accurate labelling when the GMO content is within � 17% of the threshold

may not be possible with high confidence.

The sampling approach developed by SÏusÏtar-VozlicÏ et al. (2010) can be used

for determination of the GMO presence at the field level and for making

appropriate labelling decisions. It is a simple decision support system for

monitoring the adventitious presence of GMO in the field based on the following

steps:

· definition of the prediction model obtained from an estimation of mean out

crossing rate in the field, calculated from the geometric data of GM donor

and non-GM receptor fields;

· calculation of two distances within the receptor field and sampling scheme

set up, if the adventitious presence of GMOs in the field is expected to be

near the threshold level;

· collection and analysis of the samples.

If the results of the analyses show the level of GMO being above the threshold

(including the standard deviation), then the crop is labelled as GMO; if the

results are below the threshold (including the standard deviation), then the crop

is not labelled as GMO; and if the results are in between those two values, then

additional sampling and analyses is recommended (sampling in the field and/or

silo).

The importance of this approach is its applicability to the lower thresholds

meeting the demands of food companies and consumers. The efforts in the

development of sampling at field level should lead to more feasible and rapid

procedures taking into consideration the fact that sampling at this level is costly.

13.3.2 Sampling along food and feed chains

Ascertaining the presence of GMO is mainly relevant to three kinds of materials:

raw materials, ingredients and final processed foods. Raw materials, even if they
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have been in some way mixed during harvesting, drying, transport and storage,

characteristically have a heterogeneous distribution of GMOs, particularly in the

case of commodities shipments (Paoletti et al., 2006). Paoletti et al. (2006)

demonstrated the heterogeneity of the spatial distribution of GM grains in non-

GM grains due, for example, to origins of the grain in several different silos.

Therefore, sampling at this level is characterized by high sampling uncertainty

and costs.

Primary ingredients usually undergo further processing operations (milling,

extraction, etc.) and consequently, the distribution of GMOs in them can be

more homogeneous (Gilbert, 1999). According to the Theory of Sampling (TOS)

(Petersen et al., 2005b) (which presents an explanation of the components of

sampling error and also allows them to be minimized or eliminated), the particle

size is an important factor for the constitutional heterogeneity of a lot. Thus,

particle size reduction by milling represents a dominant factor in reducing

heterogeneity. This assumption has been substantiated by a study by Whitaker et

al. (2004), in which the evaluation of different sampling plans for the analysis of

Cry9C protein in maize flour and meal, showed that sampling variability for

maize meal was higher than for maize flour due to difference in particle size.

Onori et al. (2007) evaluated the traceability of Roundup ReadyÕ soybeans

(RRS) along a processing chain and showed that flour and expander are the fit

for purpose points for GMO control due to the reduction of sampling uncertainty

by these points in comparison to grains. Furthermore, De Giacomo et al. (2009)

established the applicability of a multi-analyte sampling approach for soybean

flour at concentration level of RRS 0.1%.

Sampling of final (end-) products is one of the most challenging issues for

GMO analysis. It is packaged end food products (i.e. products that will be

purchased by the consumer) that are expected to be the main target for control

agencies (Kay et al., 2002). Sampling at this level is particularly challenging for

many reasons, but principally because of the difficulty of estimating the

distribution of GM material in the final products due to the many steps in their

production (transport, storage, final processing phase). Another important issue

is the fact that DNA and/or proteins can become harder to detect when an

ingredient has been highly refined or a food has been processed (Moreano et al.,

2005). Finally, without a sampling strategy, the measurement of GM content

obtained can only apply to the packets that have been submitted for testing (Kay

et al., 2002). For this reason sampling at factory level is more efficient than

sampling at retail level. De Giacomo et al. (2008) employed a distribution-free

statistical procedures supplied by software `Shortcut in Sample Size

Identification' (SISSI) (Confalonieri et al., 2007), for the development of fit

for purpose strategies for packed products. According to this study, collection of

20 incremental samples can be considered appropriate to represent a batch of 12

tons of soybean flour packaged products (1 kg each) containing Roundup

ReadyÕ Soybean at a level of approximately 5%. Furthermore, statistical

modelling could be used as an aid to design retail sampling plans as reported by

Macarthur et al. (2006) for mycotoxins in food.
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13.3.3 Cost of sampling

When choosing a fit for purpose sampling strategy, there are two types of

considerations to be taken into account: firstly statistical considerations relating

to sample representativeness and distribution assumption and, secondly, con-

siderations unrelated to statistics, such as financial, time, equipment and

personnel constraints (Paoletti et al., 2005). However, in no case should the

second set of considerations be reasons to take unrepresentative samples. Many

factors determine the financial cost of a control plan (i.e. a plan that includes

both sampling and analysis), such as the total number of increments to be taken,

the total weight of material that needs to be sampled, the sample preparation

process and the number of required analyses to be undertaken (Gilbert, 1999).

The contribution of the cost of sampling to the whole detection process can vary

according to the detection plan. For example, the sampling costs might be higher

in comparison to the analytical ones if a large sample is taken and homogenized

and then just some sub-samples are analysed. Vice versa, the cost of the analysis

can be higher if multiple small samples are taken from the lot of origin and

analysed. A mathematical model for tuning GMO detection in seed and grain

was proposed by Macarthur et al. (2007).

It is also to be considered that sampling costs also change depending on the

labelling threshold required by the legislative system in force in the country or

chosen according to agreements among stakeholders. A more accurate control

plan (sampling and analysis) is necessary to detect a lower presence of GM

material. A higher number of sub-samples and more sensitive analytical

instruments, with a lower limit of detection are needed. Unfortunately it is not

possible to have low risk at low cost (Esbensen et al., 2008). The use of a proper,

representative sampling strategy planned according to the `Theory of Sampling'

(TOS) that requires greater sampling commitments in terms of time and

financial resources than other common inappropriate strategies or grab sampling

is recommended.

13.4 Sample preparation strategies

Sampling (bulk sample formation) and sub-sampling (mass reduction) methodo-

logies are used to produce laboratory samples. General guidelines exist on a

suitable size for a laboratory sample (ISO 24333:2009; Petersen et al., 2004). In

GMO detection, sub-sampling is performed in the laboratory to implement

acceptance sampling plans, among other reasons (Schilling et al., 1982).

Acceptance sampling plans aim to estimate the GMO content of a lot of seeds

(or grains) through the use of qualitative analyses applied to a set of sub-

samples. This approach is based on statistical considerations and the GM content

is expressed in % of seeds, as units or % of DNA (Remund et al., 2001; Laffont

et al., 2005). An example of this approach is the statistical programme ISTA

`Seedcalc' (Remund et al., 2001), which can be used to design sampling and

testing plans for purity/impurity estimation of seed lots for adventitious
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presence/absence or levels of GM seeds in conventional seed lots. Another

example is the program `Optimal Acceptance Sampling by Attributes'

(OPACSA) that allows the method described in Kobilinsky to select the

cheapest acceptance sampling plan for control of grain lot purity (Kobilinsky et

al., 2005) to be easily put into practice. As when sampling for other purposes,

sample size has a significant effect on accuracy (Montesinos et al., 2010).

Furthermore, sub-sampling steps such as reduction and/or homogenization, are

performed in order to obtain a test portion statistically representative of the

laboratory sample.

13.4.1 Test portion preparation from laboratory sample

Standards for GMO detection do not give many indications of the procedure for

obtaining the test portion from the laboratory sample using a statistical

approach. General recommendations can be found in CEN/TS 15568:2006. This

suggests the use of equipment to ensure that the analytical sample is

homogeneous and, in the case of material composed of discrete entities, to

guarantee the appropriate particle size reduction (a particle number of 10 000 in

the test portion as explained in Annex E). Particularly relevant to test portion

preparation from a laboratory sample is Pierre Gy's Theory of Sampling (TOS)

(Pitard et al., 1993), that provides a description of all errors involved in

sampling of heterogeneous materials as well as all the necessary tools for their

evaluation, elimination and/or minimization. A set of `Sampling Unit Opera-

tions' (SUOs) that summarize critical aspects of sampling based on the TOS

regime is found in Petersen et al. (2005a). This paper reviews all the practical

aspects of sampling and provides a handy toolbox for sampling operators,

laboratory and scientific personnel.

13.5 Estimation of sampling uncertainty

Sampling uncertainty is widely recognized as one of the fundamental parameters

for evaluation of the reliability of measurements (EURACHEM, 2007).

Uncertainty is usually defined as a `parameter, associated with the result of a

measurement, that characterizes the dispersion of the values that could reason-

ably be attributed to the measurand' (ISO, 2008). The concept of uncertainty is

strictly connected with others concepts like accuracy, error, trueness, bias and

precision. The two major components of uncertainty are analytical uncertainty

and sampling uncertainty. Analytical uncertainty refers to the contribution of the

analysis process to the overall uncertainty. Sampling uncertainty encompasses

uncertainty related to all aspects of the sampling process; in fact it is defined as

`The part of the total measurement uncertainty attributable to sampling'

(EURACHEM, 2007).

Analytical uncertainty has been widely investigated and reviewed in the

literature (ISO norms, GAFTA, CAC, codex guidelines, etc.). A method for
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estimating the size of uncertainty associated with the measurement of materials

derived from GMOs based on the `uncertainty profile' has recently been

presented (Macarthur et al., 2010). The `uncertainty profile' is a development of

a graphical statistical tool called the accuracy profile, which was developed for

the validation of quantitative analytical methods. `Uncertainty profiles' can be

useful as aids in decision making and assessment of fitness for purpose.

Sampling uncertainty has not received the same attention. However, in 2007

a very exhaustive and sound reference document was produced, the

EURACHEM/CITAC Guide Measurement uncertainty arising from sampling

(EURACHEM, 2007). The relevance of the contribution of sampling uncertainty

to the whole uncertainty budget is universally recognized. It is especially

significant when the analyte distribution is heterogeneous, as is the case for

GMOs, as demonstrated by the KeLDA project. The project aimed to improve

understanding of the characteristics of GM distribution in oilseed (soybean) lots,

since an incorrect assumption about the distribution is misleading for sampling

uncertainty assessment. Indeed some sampling protocols assume that GM

materials are distributed randomly. Therefore the project was established to

verify whether this assumption, which was suspected to be far from reality, was

actually incorrect and to assess the actual distribution of GM material in soybean

lot. Randomness may probably be considered as only a limit case for this kind of

matrix.

The outputs of the KeLDA project (Paoletti et al., 2006) evidenced with a

sound number of analyses of GM seed lots that the distribution of GM material

in lots is often heterogeneous and that the lots display significant spatial

structuring. According to these findings, sampling protocols were developed

based on statistical models free of distribution assumption requirements. To

date, the only published sampling protocols specifically developed for GM

material that are free of distribution assumption are the Recommendation 2004/

787/EC and the CEN/TS 15568:2006.

Sampling uncertainty is one of the main issues (together with inter-laboratory

measurement uncertainty) justifying the practical contractual threshold

(generally at 0.1% level) used by stakeholders to ensure compliance with the

GMO labelling threshold. It also partly explains the use of AQL (Acceptable

Quality Level) and LQL (Low Quality Level) in the ISTA seeds purity testing

schemes (Remund et al., 2001).

Two approaches for uncertainty estimation have been identified by the

EURACHEM guide (EURACHEM, 2007): top-down approaches and bottom-up

approaches. In general top-down approaches are easier and cheaper to imple-

ment than bottom-up ones. Indeed, they do not require information on the nature

of the material to be sampled.

13.5.1 Bottom-up approaches

Bottom-up approaches, commonly defined as modelling, theoretical or predic-

tive approaches, try to identify all sources of uncertainty and combine and
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quantify them using a proper model. The identification and quantification of

every possible source of uncertainty is of course necessary to build up the

mathematical model. It must also be kept in mind that measurements may be

affected by some bias, derived, for example, from an improper analytical

practice or an incorrect application of the sampling procedure (EURACHEM,

2007).

Pierre Gy's Theory of Sampling (TOS)

One of the more widely used bottom-up approaches is the TOS, which was

conceived for mineral matrixes and subsequently proved to be valid in other

fields by Pierre Gy in the 1950s. The TOS allows the identification of the

specific components of sampling errors, delineating these as seven error com-

ponents, and provides practical suggestions for reducing them. The geometry of

the lot is crucial for TOS. This theory is applicable to one-dimensional lots, but.

can feasibly be employed for lots with more than one dimension, provided that

the lot is reduced to one dimension. In moving streams (fluids and slurries), the

theory allows the sampling error to be reduced and in some cases the sampling

bias eliminated (Petersen, 2005a). TOS provides a scientific definition of

sampling representativeness and a description of the components of the

sampling errors in order to minimize or eliminate them (Petersen, 2005b).

13.5.2 Top-down approaches

Top-down approaches (also called `empirical approaches') use some levels of

replication of the whole measurement process to deduce an estimate of the

uncertainty of the final result of the measurement.

Re-sampling techniques

There have been interesting recent attempts to evaluate the sampling uncertainty

and determine a sample size for the estimation of the mean with a certain level

of precision without distribution requirements using (virtual) re-sampling

techniques already in use in other sectors, such as phylogenetics. These

techniques are particularly useful in cases where the sample size has to be small,

hence is difficult to make an estimation of the uncertainty associated with

sampling due to the failure of the distribution assumptions of normality on the

sample mean. Re-sampling techniques repeatedly estimate statistical parameters

drawing samples randomly from the available data thereby also obtaining the

sampling uncertainty. The sole assumption is that the dataset used is

representative of the population under study. The principal techniques of re-

sampling are bootstrap, jack-knifing and Monte Carlo methods (Robert et al.,

2004).

Two approaches are possible to implement re-sampling methods: to program

in a computer language such as C++, R, Re-sampling Stats, or SAS (business

analytics software), or to use a menu-driven program such as Excel, SISSI

(Shortcut In Sample Size Identification), S-Plus, Stata (Data Analysis and
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Statistical Software) or StatXact. SISSI is a program based on a re-sampling

procedure named jack-knife for sample size determination created by

Confalonieri (Confalonieri et al., 2007). The algorithm systematically takes

randomly chosen virtual sub-samples of the available data and calculates the

mean and the standard deviation for different sample sizes (i.e. number of

increment samples) while providing a visual evaluation system for optimal

sample size determination. The program may also be used to estimate the

sampling uncertainty associated with different sample sizes. The sole, but

essential, assumption, as noted above, is that the dataset used is representative of

the population under study.

A Monte Carlo algorithm has recently been used to determine the sample

sizes necessary to obtain estimations of the mean of contamination of aflatoxin

B1 (AFB1) at different percentages of precision for contaminated corn fields.

AFB1 is an analyte characterized by a highly heterogeneous distribution very

similar to GMO analytes (Brera et al., 2010). The Monte Carlo method is an

iterative, non-parametrical technique that has been used to: (i) theoretically

sample the field, (ii) evaluate the effect of the sample size on the normality

assumption, and (iii) determine the variability (precision) among sample means

of different sizes (Robert et al., 2004; Brera et al., 2010).

These kind of virtual re-sampling programs are useful, in particular, because

they do not require any particular assumptions about the distribution of the

statistical parameters as required by classical methods, except that the data set is

representative of the population distribution. In particular a virtual re-sampling

program may be used when the available resources only allow reduced sample

sizes, for instance when working on high-value seeds in the first steps of a

breeding process. In those cases is not possible to make assumption about the

distribution of the statistical parameters. A limitation of these techniques is that

they require data sufficiently representative of the target population and this is

not always easy to achieve. Moreover, often the obtained results refer specific-

ally to situations where the mean and the variance are comparable to those of the

dataset used; to extend the results to other situations it is necessary to investigate

the nature of the relationship between means and relative variances in the matrix

of interest.

13.5.3 Geostatistic models

Geostatistic models are also useful when the assumption of a random distribu-

tion is not realistic, as they allow eventual spatial patterns to be highlighted in

the available data. Specifically, geostatistic models, which take into account

autocorrelation (the correlation between proximal locations ± for instance close

units are more related than distant ones in function of the distance in time or

space), allow situations where a non-random distribution exists to be investi-

gated. Those approaches allow the pattern of the variability of the analyte, the

number of incremental samples to take and the frequency of sampling to be

defined (Petersen et al., 2005a).
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13.6 Statistical programs/software

The wide spectrum of problems associated with sampling necessitate the

creation and dissemination of different pieces of software for determination of

uncertainty and sample size, to study possible spatial correlation or to use re-

sampling techniques, among others. Tables 13.4±13.8 illustrate some of the most

widely used pieces of software for sampling. Each table focuses on a specific

field of application. These programs created for specific purposes are very

useful tools for estimation of uncertainty components, studying such aspects

Table 13.5 Software to calculate the sample size/power effect

Name Link Description

POWER
and PRECISION

http://www.power-
analysis.com/home.htm

Calculates the sample size
required for any level of power.

Wessa http://www.wessa.net/
stat.wasp

The Free Statistics Calculator
offers sample-size calculations,
descriptive and explorative
analysis.

PC-Size ftp://ftp.simtel.net/pub/
simtelnet/msdos/statstcs/
size102.zip

Uses exact and approximate
methods for sample size/power
calculations for t-tests, 1-way
and 2-way ANOVA, simple
regression, correlation, and
comparison of proportions.

DSTPLAN http://
biostatistics.mdanderson.org/
SoftwareDownload/
SingleSoftware.aspx?
Software_Id=41

Calculates sample size/power
for t-tests, correlation, a
difference in proportions, 2xN
contingency tables, and various
survival analysis designs.

Splus http://www.insightful.com/
products/splus/default.asp

Provides functions for sample
size/power for t-tests and
comparing proportions.

Stata http://www.stata.com/ It has some simple built-in
power and sample size
functions.

Table 13.4 Software for estimating measurement uncertainty

Name Link Description

ROBAN http://www.rsc.org/
Membership/Networking/
InterestGroups/Analytical/
AMC/Software/ROBAN.asp

Powerful modelling tool for estimating
total measurement uncertainty through
classic analysis of variance (ANOVA)
and robust analysis of variance
(RANOVA).
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Table 13.6 Software for re-sampling techniques

Name Link Description

C++ http://www.cplusplus.com/
doc/tutorial/

One of the most popular programming
languages ever created. It is
considered as a middle-level language,
C++ is widely used in the software
industry.

R http://cran.r-project.org/doc/
manuals/R-intro.html

Is a one of the most used
programming languages for statistical
computing, is widely used for
statistical software development and
data analysis.

Resampling
Stats

http://www.resample.com/
content/about.shtml

Implements re-sampling methods in
statistics (including simulations, as
well as bootstrap and permutation
procedures). It is available as an
independent product, as well as for
Excel and Matlab.

SAS http://www.sas.com/ The leader software in business
analytics software and services. It
includes macros for re-sampling
methods.

SISSI http://hdl.handle.net/2434/
26500

A re-sampling-based software for
sample size determination.

S-Plus http://stat.ethz.ch/~www/
SandR.html

Is a high-level language and an
environment for statistical analysis
and graphics development, including
application for re-sampling methods.

StatXact http://www.cytel.com/
Software/StatXact.aspx

Is a package for exact nonparametric
statistical inference on continuous or
categorical data, data analysis,
modelling, visualization, data mining,
fitting.

Table 13.7 Software to study sampling strategies and distribution properties

Name Link Description

KeSTE http://www.sipeaa.it/tools/
KeSTE/
What_use_for_KeSTE.htm

An exploratory tool developed to
investigate the possible consequences of
different sampling strategies on the
structure and properties of bulk samples
when contaminants are not randomly
distributed. KeSTE allows the evaluation
of sampling strategies on both simulated
lots and on real lots, through the analyses
of data collected from a maximum of 100
increments.
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involved in the sampling process as sample size and distribution properties and

assessing cost issues related to acceptance sampling plans, etc.

13.7 Conclusions

A number of factors have to be taken into consideration when developing or

approving sampling plans for GMO control in the food chain. In particular, it is

pivotal to keep in mind that unavoidable sampling errors must be controlled to

maintain sample representativeness at as high a level as possible. Several

sampling methods have been standardized by competent authorities such as the

European Commission and international organizations such as ISO, but all of

these are products of different viewpoints and were created with different

criteria in mind. A harmonized official sampling procedure exists for seeds, but

a suitable sampling procedure for testing GMO presence in food and feed

commodities as well as in the field that fulfils both accuracy and feasibility

requirements is still lacking. Adopting `multi-analyte' sampling plans could

reduce the costs of sampling, improve versatility, lead to improvements in the

quality of control activities and increase transparency in commercial trans-

actions. It is also worth mentioning that sampling issues are not viewed as

particularly relevant by those approving and financing research projects at

national, European and international level. Further funding could lead to

improvements in practice in this area.
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14

New approaches to determining the
origin of food
S. Kelly and P. Brereton, Food and Environment Research Agency,
UK, C. Guillou, Joint Research Centre of the European
Commission, Italy, H. Broll and I. Laube, Federal Institute for
Risk Assessment, Germany, G. Downey, Teagasc, Ireland,
A. Rossman, Isolab GmbH, Germany, S. HoÈzl, Bavarian State
Collection for Palaeontology and Geology, Germany and
G. van der Veer, Wageningen University, Netherlands

Abstract: Recent food scares and the globalisation of food and feed markets
combined with the relative ease with which food commodities are
transported through and between countries and continents, means that
consumers are increasingly concerned about the origin of the foods they eat.
Over the last five years an increasing number of genetic, spectroscopic,
molecular and isotopic methods that permit independent verification of the
origin of the foods we consume have been described in the literature. Paper
trails of food products can be falsified by experienced criminals, or errors
could be introduced unintentionally, leading to incorrect information on
product labels. With increasing legislative demands on food producers to
provide clear and concise origin information, the new approaches to
independent verification techniques described here have the potential to
contribute significantly to the food origin record process.

Key words: food authenticity, geographical origin, provenance, isotope ratio,
spectroscopy, molecular biology, isoscape, protected designation of origin,
PDO, protected geographical indication, PGI.
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14.1 Introduction

In Europe, an ever more discerning consumer is prepared to pay extra for `added

value' products (FSA, 2010). In many cases the product is essentially similar but

with particular `quality' attributes which are used to promote sales through

specific labelling. These attributes such as local/regional/country of origin, free

range, organic, species, blended or single variety, protected designation of origin

(PDO), Fair Trade to name but a few, provide food scientists with an enormous

challenge in terms of confirming labelling compliance that will satisfy consumers,

food industry and control bodies alike. This challenge also has varying degrees of

complexity depending upon the question asked of the food or feed scientist. For

example, the question `is this product adulterated?' is often followed by the more

difficult questions `what is the level of adulterant in the authentic product?' and

`where does this counterfeit product originate?'. Consequently, it is easy to see

why food scientists need to resort to sophisticated methods and techniques to

authenticate food origin. Moreover, food and feed scientists are requested to

provide scientific methods and perform measurements that establish the

compliance of food and feed products with the regulatory requirements. Food

safety aspects are generally easily controlled with official and standardised

methods determining physico-chemical or biological parameters against well-

established specifications and tolerances, e.g. maximum residue limits, using

measurement uncertainties determined by, generally, inter-laboratory trials. The

analytical testing for authentication purposes such as recognition of geographic

origin, or detection of adulteration is generally significantly more complex.

The specifications for foods with geographic indications are generally based

on consolidated traditional practices and often on subjective characteristics such

as organoleptic properties. Although physico-chemical parameters are some-

times included in the specifications, they are generally not specific to the

geographic origin and do not allow differentiation from other similar products.

Consequently, it is likely that imitations or adulterated products are present on

the market and compete in an unfair manner with the genuine products. It is in

the interest of the consumers, the producers and also control bodies to utilise

analytical methods and objective parameters that enable a better, quantitative in

numerous instances, control of `origin' of food products (see other chapters of

this book). Isotopic methods have been shown to be an efficient tool to fight

against adulteration of food products since the beginning of the 1990s after the

European Council decided to establish an official European isotopic wine

databank for controls in the wine sector (EC Regulation 2048/1989/EC). Several

European funded research projects further developed these isotopic techniques

and also spectroscopic fingerprinting methods on a broader range of food

products, investigating applications for the control of the botanical, animal and

geographic origins of food products. The techniques developed in molecular

biology have also led to the possibility of characterisation of species and origins.

This chapter illustrates the value of these researches relating to the origin of a

broad range of food and feed products.
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Many of these works are based on isotopic techniques eventually in com-

bination with trace elements (Kelly et al., 2005). The fingerprinting techniques

are also important tools for confirmation of the origin of many food products

provided that a reference databank of genuine products can be established. The

research works presented in this chapter briefly highlight some of the analytical

possibilities available today to the food and feed chemists to provide objective

physico-chemical parameters helping the recognition of origin provenance of

food and feed products and also to detect adulteration or mis-labelling. Much

progress has been achieved in the past years, through the European Integrated

Project TRACE (www.trace.eu.org). It is against this background that this

chapter will present some of the latest research in this area of determining food

provenance using molecular biology, spectroscopic fingerprinting, bio-element

and heavy element stable isotope ratio analysis and isotope mapping.

14.2 Molecular biological methods

Molecular biological methods target the inheritance present in any living cell. The

so-called DNA (deoxyribonucleic acid) is identical in every cell of an individual

regardless of the origin of the tissue but differs between individuals. The greater

the phylogenetic distance between individuals, the greater the differences in the

sequence of the DNA that can be targeted to identify individuals and thus

phylogeny is also often related to geographic separation. When a distinction

among animal or plant species is needed, the DNA sequence may differ

sufficiently to develop a suitable molecular biological method for detection.

DNA has the potential to provide more information than protein due to the

degeneracy of the genetic code and the presence of many non-coding regions. In

addition DNA is much more resistant and thermostable in comparison to

proteins and, despite being altered through processing of food products in

general, it is still possible to amplify small DNA fragments with sufficient

information to allow identification. DNA is a long-lived biological molecule.

For forensic purposes DNA has even been successfully extracted from ancient

mummies (PaÈaÈbo et al., 1989; PaÈaÈbo, 1989). Typical amplification conditions

are well documented and include the target DNA, a thermostable DNA

polymerase, two oligonucleotide molecules called primers, desoxynucleotide

triphosphates (dNTPs), reaction buffer and magnesium. In theory a single target

molecule is sufficient to result in a positive amplification. However, along with

the potential of PCR (polymerase chain reaction), the risk of cross-contamina-

tion resulting in false-positive samples is high and needs to be monitored for

each individual analysis. In order to identify such contaminations, appropriate

positive (analyte present) and negative (analyte absent) controls are included at

each step of the analysis.

Another problem specifically related to food analysis is the co-extraction of

inhibitory substances such as starch or glucose from composed food products

along with the DNA. It is necessary to identify such inhibition by applying
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appropriate amplification controls. A suitable amplification control might be a

PCR system targeting a declared ingredient (e.g. soya in case of tofu product). In

case the respective PCR is negative it is necessary to subsequently remove them

in order to avoid false-negative results. Specific isolation procedures are

developed for this problem and provided by various suppliers. Independent from

the starting copy number of target molecules or number of cycles performed in

PCR, the amplified products need to be subsequently analysed by using gel

electrophoresis in order to identify the predicted amplified product and to assess

the sample under investigation.

Real time PCR offers a more advanced application in which an oligo-

nucleotide probe is additionally added and hybridises between both primers

(Logan et al., 2009). This probe is labelled with a fluorescent dye. Another

possibility (less expensive, but also less specific) is a DNA-binding dye which

binds to all double-stranded (ds) DNA in PCR, causing fluorescence of the dye.

The accumulation of fluorescence during PCR cycles is directly proportional to

the amount of DNA amplified by the polymerase. The essential advantages over

the classical PCR are the ability to omit the subsequent electrophoresis step and

that real time PCR drastically reduces the potential for contaminations. The

assay is rapid, and a large number of food samples can be analysed in a single

run. Moreover, quantification is possible using the well-established standard

curve approach as used, e.g., in GMO detection (Querci et al., 2009). The

bottleneck of PCR analysis is still the DNA extraction. While it is not a problem

to extract DNA from any unprocessed product, it could be a very difficult task to

extract DNA from highly processed products such as refined oils or acidic

samples. These products usually no longer contain any traces of DNA and

consequently no PCR can be applied. The degree of degradation of DNA is also

an important aspect when calculating the amount of individual animal or plant

species in foods (Laube et al., 2007).

For species identification in food products, the mitochondrial DNA genome

(mtDNA) is preferentially targeted compared to nuclear DNA. Indeed, because

there are several copies of mtDNA inside a cell (approximately 500±1000 times

the copies of nuclear DNA) it is more likely to amplify a fragment within the

mitochondrial genome rather than within the genome of the nucleus. In addition,

mtDNA generally evolves much faster than nuclear DNA and thus enables even

closely related species to be differentiated and identified, which is important for

species differentiation. Although it is an advantage that it is present in high copy

numbers per cell, it is almost not suitable for quantitative purposes, since the

exact copy number is not known. For quantification it is necessary to choose a

target present only once per haploid genome. Several detection methods have

been published fulfilling this requirement (Laube et al., 2007, 2010). PCR has

the potential for standardisation. Today PCR is established in many laboratories

around the world for control purposes. Primer and probes as well as all other

reagents needed are available from different suppliers. There is no dependence

on a single provider, which is usually the case if immunological methods are

applied using specific antibodies.
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Alternative techniques to PCR are include RAPD (random amplified poly-

morphic DNA), SCAR (sequence characterised amplified region), AFLP

(amplified fragment length polymorphism), barcoding systems such as SNP

(single-nucleotide polymorphism) and microsatellites, SSCP (single-strand

conformation polymorphism), RFLP (restriction fragment length poly-

morphism), which are used along with PCR and real time PCR, e.g. for the

detection of the breed in food labelled PDO (protected designation of origin) or

PGI (protected geographical indication). The same markers can be used to

differentiate wild and domestic animals (Woolfe and Primrose, 2004). A

significant amount of molecular biological research has been dedicated to

species and breed identification. Case studies have focused on the development

and validation of molecular markers able to trace PGI beef products, PGI and

PDO honeys by pollen and bee identification, identification of cereal species

(Prins et al., 2010) as well as the differentiation between Organic and non-

Organic (or conventional) farming (Schneider et al., 2010). One of several major

achievements in this area of research has been the establishment of a database

containing the whole set of information about DNA-based detection methods

developed within the framework of the TRACE project. Moreover, all

information on DNA-based methods from previous European projects (e.g.

MOLSPEC-ID) Development of quantitative and qualitative molecular

biological methods to identify plant and animal species in foods; http://

ec.europa.eu/research/quality-of-life/ka1/volume1/qlk1-2001-02373.htm) has

been incorporated, resulting in a comprehensive database providing methods

for control purposes as well as for quality assurance as part of an identity

preservation system established in food processing companies. This database is

publicly available (http://www.trace.eu.org/mbdb/). In total 51 DNA-based

detection methods are included in the database. For each individual method

the whole internationally agreed set of validation characteristics is described.

Parameters such as the limit of detection (LOD), specificity and sensitivity have

been investigated intensively and determined for each individual method. This

information is the basis for the analysts and stakeholders to evaluate if the

method selected is `fit-for-their-purpose' and could be validated through a

collaborative trial and thus standardised. In addition, three of the methods

(`Detection of plant species in honey using real time PCR') included in the

database have been validated thoroughly through international collaborative

studies providing the most robust validation characteristics.

The prerequisite for running PCR is a specifically equipped laboratory with

trained staff under quality assurance according to ISO 17025 or an equivalent

accreditation scheme based on that standard. Today all EC Member States are

equipped with enforcement laboratories fulfilling these quality assurance

standards and level of accreditation (Zel et al., 2006, 2008). ISO and CEN

standards exist describing the establishment of laboratories. Several standards

have also been established on specific methods for the purpose of the identifi-

cation of pathogens, plant species and genetically modified foods (GMO)

including specific methods or performance criteria (see e.g. CEN ISO 2476).
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The determination of the measurement uncertainty (MU) associated with entire

procedures is also described in a document prepared by the Joint Research

Centre of the European Commission (JRC-EC) and can be applied to the

methods developed for origin determination (Trapmann et al., 2009; Macarthur

et al., 2010; Gustavo GonzaÂlez and AÂ ngeles Herrador, 2007; European

Commission DG Health and Consumer Protection, 2004).

By combining the identification of different targets in a single reaction

(`multi-plexing'), the costs may be reduced as personnel time is the most

important factor of analysis costs. This also reduces the time and increases the

efficiency of sample analysis for both qualitative and quantitative analysis. The

individual steps can be automated to a very large extent. Instruments are

available for the DNA extraction as well as for the subsequent PCR step. This

automation will also enhance the reliability of results but initially requires

capital investment. The methods developed described here are an important

milestone in order to support the application of such PCR methods for the

purpose of traceability of foods of plant and animal origin. Many useful methods

are fully described with regard to their performance and freely available on the

TRACE web-site (www.trace.eu.org) for interested stakeholders equipped with

the necessary laboratories and trained staff.

14.3 Spectroscopic and fingerprinting techniques

Rapid screening techniques for the confirmation of food authenticity or the

detection of adulteration are of critical importance in any food traceability

system to justify claims of food provenance, processing practice or brand

identity. Suitable food screening methods may be divided into two categories ±

spectroscopic or separation techniques. They include near infrared, mid-infrared,

Raman and nuclear magnetic resonance (NMR) spectroscopies, UPLC-ToF-

mass spectrometry, LC/MS/mass spectrometry and ambient mass spectrometry

(DART).

Infrared and Raman spectroscopy are characterised by rapid spectral acquisi-

tion, little or no sample preparation and relatively simple instrument operating

procedures. Consequently, they lend themselves to the rapid screening of foods

at the process level. Spectra, however, vary in the level of fine detail they

contain and are commonly composed of multiple overlapping peaks. Therefore,

these spectra are usually treated as molecular `fingerprints' and require mani-

pulation by multivariate mathematical techniques for information extraction,

e.g. principal component analysis. Nuclear magnetic resonance (NMR)

spectroscopy is based on the observation that most atomic nuclei, oriented by

a strong magnetic field, absorb radiation at a characteristic frequency. Different

NMR experiments and equipment give different information but a common

technique in food authenticity analysis is proton (1H) NMR. NMR analysis

allows many different compounds to be detected in a single experimental

acquisition, thereby obtaining a complete metabolic profile of a food stuff or

New approaches to determining the origin of food 243

ßWoodhead Publishing Limited, 2011

�� �� �� �� ��



ingredient (Wishart, 2008). Ultra-performance liquid chromatography coupled

to a quadrupole time-of-flight (UPLC-QTof)-mass spectrometry is a high-

resolution, high-throughput mass spectrometry system which employs time-of-

flight mass spectrometry technology for the accurate mass determination of

chemical compounds in a wide range of sample matrices (Ni et al., 2010). The

main advantages of Direct Analysis in Real Time (DART) ambient mass

spectrometry compared to conventional mass spectrometry techniques include

direct sample examination in the open atmosphere, minimal or no sample

preparation and remarkably high sample throughput (Vaclavik et al., 2009). The

results of the application of several of these techniques to a number of food

provenance issues are summarised below.

Fingerprinting and profiling techniques characteristically do not provide

obvious information on specific analytes in a mixture. In order to use these fast

but non-specific methods, it is necessary to interrogate the datasets using

complex mathematical procedures ± multivariate data analysis (MVA) (Leardi,

2003). MVA can ensure the integrity of a dataset and also has the ability to

detect patterns among samples, for example samples of the same or similar type.

While very many MVA procedures exist, a limited number has found wide-

spread use in food authenticity applications: PLS-DA (partial least squares ±

discriminant analysis) and NOPLS (non-orthogonalised partial least squares),

SIMCA (soft independent modelling of class analogy), artificial neural networks

(ANN) and support vector machines (SVM).

14.3.1 Case study on honey

Honey has a special status among consumers not only as a food of natural origin,

but also for its purported health benefits (Traynor, 2008). A special part of

consumer expectation is associated with the geographical origin of honey and

this is due in part to previous food scandals involving honey. For example, in

1984 Chinese honey was discovered within the European Community (EC),

adulterated with high fructose corn syrup (HFCS) and there have been other

incidents where excessive antibiotic residues have been found in honey derived

from third-world countries (Ochi, 2005). Therefore consumers may prefer to

spend more money for honey with a declared origin from their regional producer

or from a European Community Member State rather than purchasing cheaper

honey with no declared origin.

In this case study honey samples (a total of 381) were obtained from the

Corsican Island (France) and a number of countries in the circum-Mediterranean

region from two consecutive years of harvest. Statistical models to discriminate

between honey from Corsica and all other geographical origins were developed

using the same sample sets. Models were developed on a set of samples

comprising 2/3 of the Corsican and an approximately equal number of non-

Corsican honeys; these models were then applied to the remaining honeys in the

sample set and prediction results recorded. A number of data sets were used, i.e.

raw data and data pre-treated by both first and second derivative transforms
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involving a variety of gap sizes as well as a standard normal variate (SNV) pre-

treatment. Using NIR spectra, the PLS-DA model recommended for confirming

the provenance of honey used a 1st derivative (21 data points) data pre-

treatment. A correct classification rate of 86.3% for both Corsican and non-

Corsican honeys was achieved. Applying mid-infrared spectroscopy to the same

sample sets, values of 72.6 and 89.8% correct classification for Corsican and

non-Corsican honey were obtained. In the case of Raman spectra, correct

classification rates of 85.5 and 94.6% for Corsican and non-Corsican honeys

respectively were obtained following the application of SVM. Using NMR

spectroscopy on these samples, the best approach to confirm honey provenance

used a two-stage genetic programming model and produced an excellent overall

correct classification rate of 92.4% (Donarski et al., 2010).

14.3.2 Case study on Trappist beer

Trappist beer is a beer brewed by or under control of Trappist monks. Of the

world's 171 Trappist monasteries (as of April 2005), seven produce beer, six in

Belgium (Orval, Chimay, Westvleteren, Rochefort, Westmalle and Achel) and

one in the Netherlands (La Trappe) (Weeranantanaphan and Downey, 2010).

Only these seven breweries are authorised to label their beers with the authentic

Trappist product logo that indicates compliance with various rules edicted by the

International Trappist Association. The aim of this association is to prevent non-

Trappist commercial companies from abusing the Trappist name.

The issue of Trappist beer brand was examined to confirm the identity of

Rochefort 8ë beers produced in Belgium. Datasets obtained by analysis of 265

beer samples were examined using linear discriminant analysis (LDA) and

artificial neural networks (ANNs). Both LDA and ANNs allowed discrimination

between Trappist and non-Trappist beers based on either mass spectrometric

profiles generated under the conditions of ambient mass spectrometry (DART±

HR-TOF-MS). The best model (ANN) produced correct classification rates of

96.4 and 87.9% for Rochefort 8ë and non-Rochefort 8ë beers respectively. The

encouraging data obtained using these techniques show that it is possible to

answer the question `is this beer a Rochefort?' with a high percentage of correct

classification.

14.3.3 Case study on chicken origin

In the case of chicken meat, public awareness has been increased by recent food

scares such as Avian Flu and the malpractice of some food producers (e.g. the

use of banned nitrofurans in chicken production). The validity of the declared

quality, safety and origin of the chicken meat is in question.

The development of methods that can provide a characteristic metabolomic

profile and that can be used for the determination of the geographical origin,

therefore, can provide a valuable tool for the authentication and traceability of

foods such as chicken. In this case study 383 samples of dried, defatted chicken
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breast meat were obtained from Europe, South America, Thailand and China and

analysed by 1H NMR. Applying NOPLS to the results obtained revealed that all

of the groups could be discriminated from all of the others. Thus, 99% of

Chinese samples could be accurately distinguished from those from all other

countries and 98% of the relevant samples could be classified correctly as either

European or Chinese. Interestingly, two separate groups of samples could be

discerned within the Chinese set. The compounds responsible for the discrimi-

nations were identified using the original NMR data. It was also found that the

European samples had relatively higher levels of alanine, glycine, branched

chain amino acids (valine, leucine, isoleucine), betaine and dimethylglycine and

lower levels of carnosine and anserine. Comparing China with `the rest',

Chinese samples had higher levels of lactate, carnosine and anserine and lower

levels of amino acids including those listed above plus phenylanine, tyrosine and

tryptophan.

In summary, fingerprint and profiling methods are being applied to an

increasing range of food authentication problems including non-targeted

analyses. Varying levels of success have been reported in the literature

depending on the authentication issue and the analytical technique. The major

strength of fingerprinting methods lies in their generally rapid data acquisition

and result delivery times. The major difficulty in their acceptance by the non-

scientific community, which may be their greatest user, lies in the delivery of

food and feed origin prediction results and associated uncertainty values in a

manner which is easily comprehensible. Pending developments in the

acceptance of multivariate mathematical models by legal authorities, these

methods seem likely to be restricted to a screening role by enforcement labs in

supporting labelling claims on food concerning provenance (Isphording, 2004).

A potential way through the presentation of multivariate data in a court of law

would be to standardise the methodology under CEN or ISO standards.

14.4 Bio-element and heavy element stable isotope ratio
analysis

14.4.1 Bio-element (HCNOS) stable isotopes

The measurement of the stable isotope ratios of hydrogen and oxygen in water

are applicable to the characterisation of geographical origin because they are

strongly latitude dependent (Merlivat and Jouzel, 1979). Meteoric water that has

passed through the meteorological cycle of evaporation, condensation and

precipitation finally constitutes a groundwater that exhibits a systematic

geographical isotope variation. Decreasing temperatures cause a progressive

heavy-isotope depletion of the precipitation when the water vapour from oceans

in equatorial regions moves to higher latitudes and altitudes. Evaporation of

water from the oceans is a fractionating process that decreases the concentration

of the heavy isotopomers of water (1H2H16O, 1H1H18O) in the clouds compared

to the sea. As the clouds move inland and gain altitude, further evaporation,
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condensation and precipitation events occur decreasing the concentration of

deuterium and 18O. Consequently, the ground water reflects this isotopic

gradient from the coast to inland areas. The variation of 18O in the hydrosphere

follows an analogous pattern to that of 2H. These facts have been applied in

hydrological and ecological studies for nearly 50 years (AraguaÂs-AraguaÂs et al.,

2000).

More recent, previous studies have clearly shown that the oxygen-18 and

deuterium content of water, which is taken in by plants or consumed by animals,

exhibits a strong correlation with the oxygen-18 and deuterium content of

organic compounds present in plant and animal products such as sugars, lipids,

proteins and milk, butter, and meat, respectively (Kelly et al., 2005). This

correlation, which is found in biological samples, has been exploited by

ecologists to determine, e.g., the migratory patterns of birds and insects

(Hobson, 1999).

Climatic conditions, species specific biology, local agricultural practices and

animal diet affect 15N/14N and 13C/12C (and sometimes 34S/32S) ratios respec-

tively. C3 plants use the Calvin photosynthetic pathway to assimilate CO2.

During this process the plants discriminate against 13C and therefore possess

relatively lower 13C/12C ratios than C4 plants that utilise the more energy

consuming Hatch-Slack pathway (Hobbie and Werner, 2003). Since C3 plants

predominate at higher latitudes and C4 plants are more common in warmer

climates at lower latitudes (such as the tropics or the Mediterranean area), and

the carbon isotope fractionation of C3 plants increases with the humidity, there is

a gradient of decreasing 13C/12C in plant material from the equator to the poles,

which can also be used as a proxy for geographical origin determination. In

addition to 15N signatures providing information about regional agricultural

practices (Bateman and Kelly, 2007), supplementary information may be

obtained by measuring stable sulfur isotope ratios. Sulfate reduction in plants

does not usually produce significant fractionation, such that organic sulfur is

clearly related to its source. Therefore, the soil or sulfate fertiliser from which it

is derived can provide useful geographical origin information. The influence of

sea-salt sulfate precipitated from aerosols in coastal environments can

significantly affect both plant and animal sulfur isotope composition due to

the enriched 34S marine signal (Camin et al., 2007).

Taking the above-mentioned general aspects of stable isotope distribution in

nature as a basis, the use of stable isotope analysis of H and O in water and C

and N in food components for food authenticity control has been in common

practice since the 1970s (Bricout et al., 1974). Stable isotope data from one or

two elements have been used to detect addition of components from external

origin to food products, e.g. addition of water to wine or of beet or cane sugars to

fruit juices. Such methods have been adopted in the EU and the US as official

procedures to detect adulteration of fruit juices, honeys, wines, maple syrup,

vinegars, and flavours since 1990 (Rossmann, 2001). However, the analysis of H

and O isotopes in organic compounds and S isotopes in sulfates and organics,

has evolved significantly since the new millennium due to the availability of
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advanced instrumentation, which enabled the fully automated, routine

application of stable isotope determinations for H, O and S in organics.

A large fundamental study was undertaken between 2004 and 2009 of the

relevant bio-element stable isotopes in mineral and surface waters, soil extracts

and food commodities (honey, cereals, olive oils, lamb, beef, chicken) from 21

regions across Europe. The results have been evaluated using statistical methods

such as Linear Discriminant Analysis and Principal Component Analysis and

published in international peer reviewed journals (e.g. Food Chemistry, Volume

118, issue 4, 15 February 2010). Unlike what is being done for authenticity

checks of food products using one or two stable isotope parameters, as

mentioned above, for geographical origin assignment the use of multi-element

stable isotope pattern is essential. Some publications even combine results for

light elements' isotopes with those from heavy elements' isotopes, minerals and

trace element composition (Rummel et al., 2010). The methods developed were

applied in several case studies to food commodities from overseas regions

(China (chicken) and Argentina (wine, olive oil, cereals, beef)) and results from

these international studies are now being applied in national control laboratories

and commercial laboratories for improved control of food geographical origin

and authenticity, which is important for the protection of premium products such

as PDO olive oils, cheeses, meat, and honeys. On the basis of the data supplied,

prediction models that are now coming on-line such as Google Earth

applications, are discussed in Section 14.5.

14.4.2 Heavy element stable isotopes

In search of reliable parameters for tracing the origin of foodstuff, isotopes came

early in the field of vision. Compared to chemical compositions with respect to

the absolute quantity of main or trace elements or certain compounds, isotopes

often have the advantage of being more consistent and finally more reliable

intrinsic markers. Isotope analysis of the so called `bio-elements' H, C, N, O and

S has been applied successfully in this field for more than 20 years (Kelly et al.,

2005). Besides those `stable isotopes' which use low mass elements up to around

40 also `geoisotopes' like Sr, Pb or Nd came into use in this field of application

during the last 10 years (HoÈlzl et al., 2004). These `heavy' isotope systems with

nuclide masses from 80 up to more than 200 do not compete with stable

isotopes, they have to be regarded mainly as a completion to the `less expensive'

stable isotopes.

The basic precondition for tracing geographical origins with isotopes is the

(natural or not) local variation of isotope ratios. For heavy elements, isotope

effects and related mass fractionations are, according to the much smaller

relative mass differences, insignificant. The reason for their variation in isotope

abundances is spontaneous nuclear transmutation, which is a natural or artificial

conversion of so-called mother nuclides into daughter nuclides. Natural slow

radioactive decay (half-lives of millions or billions of years) is the most

dominant process which leads to variable isotope abundance ratios of some
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heavy (daughter)-elements in nature (Faure, 1986). The local isotopic variation

is an outcome from the fact that the enrichment of `radiogenic' daughter

nuclides is subject to: 1) the abundance ratio mother- to daughter-element and

2) the time the decay was active. Both factors are the result of individual

geological history so that we can speak rightly of `geo isotopes'. Millions and

billions of years of isotopic evolution are enclosed in rocks and reach through

weathering ± with certain shifts ± soil and water and finally the food chain

(HoÈlzl et al., 2004).

Only a very restricted number of `heavy' decay systems are able to leave

usable traces in nature: the abundance of the mother-nuclide and its half-life

have to be sufficiently high and mother and daughter element have to exhibit

some differences in (geo-) chemical properties to experience changes in ele-

mental abundance ratios during geological processes. So in practice only three

elements are left which are used typically. In order of decreasing importance: Sr,

Pb and Nd. For TRACE we restricted ourselves to Sr as its geochemistry is

relatively well understood and this element is sufficiently abundant for analysis

in most commodities (ppb or ppm range).

Sr-isotope signals are noted as isotope ratios: the radiogenic isotope 87Sr is is

noted relative to the non-radiogenic isotope 86Sr as 87Sr/86Sr. 87Sr/86Sr in soils

and plants depends on the Rb/Sr and geological ages of the underlying rocks.

For example, young basaltic rocks with low Rb/Sr have low 87Sr/86Sr-values,

whereas old crystalline rocks with high Rb/Sr, like gneisses or granites show

high 87Sr/86Sr-values. Seawater shows a very uniform isotope ratio today and

marine carbonates which were deposited in ancient oceans display large and

well-known variation in 87Sr/86Sr. The values reflect an average of the strontium

isotopic signatures of the eroded continental crust at the time of deposition. Bio-

available Sr, i.e. the water soluble part, passes from rock to soil into the

atmosphere, aerosols and water and from there follows the food chain without

any significant fractionation.

Isotope ratio determinations of Sr are performed with thermal ionisation mass

spectrometers (TIMS) or multi collector inductively coupled plasma mass

spectrometers (MC-ICPMS). Before measurement, decomposition of the sample

and preferably complete separation of Sr from matrix elements by chemical

methods is inevitable, mainly because of the isobaric interference of 87Sr and
87Rb. As organic materials often contain much more Rb compared to Sr and

numerical correction for 87Rb via 85Rb results in large uncertainties, this is a

demanding issue. Here TIMS has the advantage over MC-ICPMS that remains

of Rb can be heated off before measurement of Sr in most cases due to the lower

evaporation temperature of this element. Rb-rich commodities like beef or

chicken are often limited to analysis by TIMS. Also commodities extremely

poor in Sr like olive oils can only be measured by TIMS due to its higher

sensitivity. To ensure the comparability of results provided by TIMS and MC-

ICPMS inter laboratory tests, which included also external labs, have been

performed. It turned out that in the project both methods and different labs were

in agreement only within some hundred ppm of the values, depending on the
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commodity. This is dissatisfying from the analytical point of view, for most

practical questions, however, it is sufficient (unpublished data).

In a new case study around 4000 samples have been analysed for Sr isotopes.

As expected, most of the data for mineral water, cereals and honey showed a

relatively clear relation to the underlying geology. For animal products like meat

this relationship was not so evident. We found significant variations in Sr

isotope ratios in most of the TRACE regions. Also the ranges between the

regions were overlapping. This was not surprising as most of the animals were

fed at least partly with industrial fodder. This leads to a convergence of values

towards intermediate values near that of recent seawater and thus represents a

more or less average `worldwide' mean value. In some regions this value could

also indicate the influence of seaspray (e. g. Ireland, Sicily, Cornwall). In some

cases, however, Sr ratios were in good agreement with the geological settings of

the region. And as expected, samples from limestone areas gave the lowest Sr

isotope ratios and exhibited relatively small variations.

In conclusion, as expected, Sr isotope ratios prove to be valuable parameters

for tracing the origin of food and feed with strengths and failings. Commodities

with a very strong genetic relationship to geology (e.g. mineral water, plants,

products from naturally feeding animals) Sr isotopes proved to be very strong

parameters. For other commodities, exclusion of certain regions was often

possible only by means of Sr isotopes alone or they at least proved or refuted

possibilities. A sufficient assignment of unknown samples to unknown regions,

however, will mostly demand the knowledge of additional parameters.

14.5 Food isotope maps

A common approach to verify the geographical origin of a suspect food sample

in an objective way is by statistical comparison of its chemical composition to a

database of samples of which the geographical origin is known (Kelly et al.,

2005). Because this approach requires a representative database of samples from

all the relevant production areas, it is especially useful to discern between food

commodities that are produced in a limited number of confined areas or by a

limited number of producers, which is, for example, the case for food products

that have a protected geographical indication (PGI) or protected designation of

origin (PDO) status. This approach, however, may quickly become too

expensive for a food commodity produced in many different areas. For such

cases, the food isotope map approach may provide a cost-effective alternative to

the database approach.

The food isotope map approach is a geographical information system (GIS)-

based approach in which the isotopic composition of food is predicted for the

relevant production areas by using additional information in the form of one or

more ancillary variables. Ancillary variables are variables that are available at a

higher spatial density than the original data that are used to improve the final

interpolation results. Although isotope maps can in principle also be derived by
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direct spatial interpolation of the data, interpolation using ancillary variables

reduces the need for an exhaustive sample database and furthermore puts

constraints on the predicted isotope values in sparsely sampled areas (Bowen

and Revenaugh, 2003). The food isotope map concept is based on the

observation that local climatic and geological characteristics of a production

area are often reflected in the isotopic composition of food produced in that area.

Provided that there is a clear relation between both, the isotopic composition of

food can be predicted for un-sampled areas using ancillary spatial information

about the local climate and geology. This information is usually available in the

form of high resolution digital maps. In general, food isotope maps can be used

to answer two basic questions about a suspected food sample:

1. Testing for compliance: Can the food sample possibly come from the claimed

production area at a certain level of confidence?

2. Determination of the area of possible origin: From what area(s) can the food

sample possibly come?

The latter possibility allows for determining how specific these findings are

in a spatial sense, and provides an additional advantage to the database

approach. As for all statistical techniques the method does not allow us to prove

whether a suspect food sample comes from a certain production area, but can

only confirm its possible origin at a specified level of confidence and spatial

specificity of the method. The approach should therefore be regarded as a

screening method.

14.5.1 Developing food isotope maps

The first step in the development of a food isotope map is to establish an

empirical relationship between the isotopic composition of a food commodity

and some geo-climatic factor(s) that are available at a much higher spatial

density. Typical isotope systems used for this purpose are deuterium, carbon-13,

oxygen-18, which often have a relation with local climate and 87Sr/86Sr ratios,

which often have a relation with the local geological setting (see Section 14.3).

In principle also other variables (e.g. trace elements) can be used provided they

have a relation with some known ancillary variable.

An example of such an empirical relationship is shown in Fig. 14.1, where the

oxygen-18 composition of bottled mineral water from Europe is plotted against

the annual minimum temperature of the coldest month at the production sites. A

food isotope map of the oxygen-18 composition in bottled mineral waters in

Europe can now be derived using a digital map of the annual mean temperature

as an ancillary variable. A similar approach has been applied to predict the

deuterium and oxygen-18 composition of precipitation on a global scale (see

Bowen and Revenaugh, 2003; Van der Veer et al., 2009).

To be able to test whether a suspect food sample complies with the predicted

isotopic composition for its presumed production area, a measure of uncertainty

around the predicted isotope values is required. It is important, therefore, to use
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a spatial interpolation technique that allows determination of the confidence

intervals around the predicted values, for example co-kriging or kriging with an

ancillary variable (Oliver and Webster, 1990). Alternatively, a bootstrapping,

jack-knifing or similar approach can be used to determine the model

uncertainty.

Often, a food isotope map based on one single isotope system is spatially not

very discriminative, because in areas where similar climatic or geological

conditions prevail, similar isotopic values will be found (Voerkelius et al.,

2010). Furthermore, there will be an overlap of the predicted confidence

intervals in areas with only slightly different conditions. As a result, the area in

which a measured isotope value of a suspect food sample will fall within the

confidence intervals ± here referred to as area of possible origin (APO) ± can be

quite extensive. The size of this area depends both on the width of the con-

fidences intervals and also on the climatic or geological variation encountered

within the area considered.

To increase the spatial discrimination power of the isotope map approach, it

is thus advantageous to use a combination of several food isotope maps in

order to reduce the combined area of possible origin (multiple isotope

approach; see Fig. 14.2). This approach is similar to fingerprinting techniques

in which multiple markers are considered simultaneously. For optimal per-

formance this approach requires that the isotope systems used in the different

map layers are independent or at best only weakly dependent, which should be

tested in advance. To further confine the area of possible origin, an additional

Fig. 14.1 The minimum temperature during the coldest month at the production site
plotted against the oxygen-18 composition of bottled European mineral waters (n � 600).

An exponential function is fitted through the data.
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overlay of the production areas can be added, provided that this information is

available.

To use the food isotope maps for compliance testing of a suspect food

sample, its measured isotopic composition should be compared with the lower

and upper confidence interval predicted for the acclaimed production area. This

will indicate whether the sample can possibly come from that area at a given

level of confidence. However, when combining multiple map layers for testing it

is important to notice that the collective �-error of the test increases while at the
same time the overall confidence level decreases (see Table 14.1). To retain an

acceptable overall confidence level when working with two or more maps, one

could define high confidence levels for the individual map layers (e.g. 98% or

99%). This will in turn increase area of possible origin, and therefore a fair

trade-off should be sought between the desired level of confidence and spatial

specificity when using this method.

Fig. 14.2 Schematic representation showing the individual areas of origin for a
hypothetical food sample with measured isotope ratios: �18O � ÿ4:8, �13C � ÿ19 and

87Sr/86Sr � 0.705. lcl and ucl refer to the lower and upper confidence limits of the
predicted isotope values. The claimed origin is indicated with an arrow, and the

intersection of the three areas is shown in dark grey. Obviously, it is unlikely that the
sample does come from the claimed area because only its �18O composition complies

with the observed areas of possible origin.

Table 14.1 Overall confidence levels as a function of the number of map layers used for
compliance testing at individual �-errors of 10%, 5%, 2% and 1%. In this example the
map layers are assumed to be strictly independent

No. of map layers 10% 5% 2% 1%

1 90% 95% 98% 99%
2 81% 90.2% 96% 98%
3 72.9% 85.7% 94.1% 97%
4 65.6% 81.5% 92.2% 96.1%
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Successful application of the food isotope map approach requires the pres-

ence of a clear relationship between the isotopic composition of a food com-

modity and some geo-climatic or other factors. In addition, such a relationship

should exist for two or more isotope systems in order to develop several map

layers to confine the possible area of origin. The relationship between the

isotopic composition of groundwater and the local climatic conditions such as

temperature clearly illustrates the potential application of food isotope maps

(see Fig. 14.1). Mineral water as well as beverages that contain local

groundwater often contain a pronounced climatic signal (West et al., 2007;

Chesson et al., 2010; Rummel et al., 2010). In addition, the geological signal as

reflected by the 87Sr/86Sr ratio is generally well expressed in mineral waters

(Montgomery et al., 2006; Voerkelius et al., 2010). For this reason, the isotope

map approach is well suited for mineral waters as well as locally produced

beverages. At present, the food isotope map approach has been successfully

applied and tested for mineral waters and olive oil from Europe (TRACE Tool,

2009). In vegetable and animal products, the reflection of the local climate and

geological signal is, in general, somewhat more complex compared to mineral

water and locally produced beverages. Modelling these more complex

relationships presents a challenge and requires a thorough understanding of

the mechanisms behind the geographical variation of the isotope patterns in

food. The ongoing development of compound specific isotope methods will

improve our understanding in this respect, resulting in a wider application of

the food isotope map approach.

14.6 Conclusions

The strong global interest in authentication and traceability of food and feed

products will continue to stimulate research in this field. In principle, the most

powerful methods are generally those that combine as many of the genetic,

spectroscopic, elemental and isotopic signatures as possible, into a multi-

dimensional authenticity matrix where natural variation is more readily

constrained and detection of mis-description is almost impossible to subvert.

In practice a single or sub-set of these methods are likely to be used based on

their likelihood of success. If multiple techniques and multivariate analysis are

used to interpret origin then it is critical that the robustness of multivariate

models is tested with techniques such as cross-validation and `blind-testing'.

Furthermore, it is extremely important to quantify the repeatability and repro-

ducibility of genetic, spectroscopic, multi-element and multi-isotopic

measurements. In order to make meaningful origin assignments it is necessary

to know the measurement uncertainty so that differences in elemental concen-

trations or isotope ratios, for example, in commodities from different

geographical origins can be deemed as statistically significant or not. Control

of long-term measurement repeatability with matrix matched in-house reference

materials is essential if authentic databases are to be established over a number
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years. Furthermore, if databases are to be developed on a European-scale for

enforcement purposes, in the same way as the wine databank, then long-term

reproducibility is also of paramount importance. In a comparable way, food

markets, the globalisation of feed markets and the desire to obtain cheap

sources of feed may mean that certain molecular and isotopic signals in animal

products will not reflect the region of production. It is therefore important to

recognise these constraints on geographical interpretation. Similarly, it is

important not to use geographical models that are heavily dependent on trace

element markers from manufacturers' processes as this can lead to `unstable'

models for predicting origin. In the longer term it is hoped that isotope mapping

and a deeper understanding of how meteorological and geochemical signatures

are transferred into food systems may provide an alternative strategy or

enhancement to comparative databases of authentic foods. For the moment

though, there is a need for comparative databases to be established for premium

foods and this is highly desirable for brand protection of PDO and PGI

products.
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15.1 Introduction

Marine fish are a common natural resource and the scenario described in Garrett

Hardin's famous essay on `The tragedy of the commons' (Hardin, 1968), which

depicts how individuals driven by self-interest tend to destroy the very resource

15
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upon which everyone depends, fits unfortunately all too well into global

fisheries.

Massive fishing activity has had a dramatic impact on capture fisheries:

according to the United Nations Food and Agriculture Organisation (FAO),

virtually 70% of the world's fisheries are fully exploited, overexploited or even

in a state of collapse and therefore being in need for rebuilding (FAO, 2009).

Our dependence on fish and fish products is well illustrated by trade data. World

fish imports reached a new peak of more than US$75 billion in 2004, after a

steep rise of 25% in only four years (FAO, 2006). Also the European Union is

heavily dependent on import of fishery products, accounting for more than 60%

of its fish consumption in 2008 (European Commission, 2009).

These data illustrate the importance of the international fish trade. Efforts to

regulate fishing activities so as to reach sustainable levels are greatly com-

promised by illegal, unreported and unregulated (IUU) fishing (Fig. 15.1). The

estimated annual global value for IUU fishing amounts to as much as US$23.5

billion, representing up to 26 million tons of fish, which is equivalent to one-

fifth of the global reported catch (Agnew et al., 2009; Fig. 15.2). Illegal fisheries

imports into the EU have been conservatively estimated at ¨1.1 billion annually

(European Commission, 2007). IUU fishing causes unsustainable harvest of fish

stocks and other marine wildlife, but its drastic impact goes beyond mere fishing

activity. In addition to depleting fish stocks to the point where they become

commercially unviable or even on the brink of extinction, IUU fishing can

perturb entire ecosystems (Scheffer et al., 2005). It also leads to loss of nutrition,

and hampers socio-economic development and stability due to loss of income

and employment for legitimate fishermen. Furthermore, IUU fishing weakens

labour standards, and distorts markets of legally harvested fish (OECD, 2005).

Criminal activities in the fisheries sector extend into the supply chain, where fish

is marketed under the wrong species name, or with falsified origin specifica-

tions, thereby obstructing consumer information and protection.

Traceability, the ability to trace the history, application or location of an

entity by means of recorded identification (ISO 9000:2005), is an important

component in the legal framework underlying control and enforcement in the

fisheries sector. It is also indispensable for consumer protection and information,

as it requires tracking and surveillance throughout the food supply chain, from

onboard vessels to the sale of processed products (`ocean to fork'). This aspect is

relevant also for eco-labelling schemes attesting that fish products derive from

sustainably exploited stocks, and assuring consumers that a product has been

produced according to defined environmental standards (BreÂcard et al., 2009).

However, there remains a risk of failure of such eco-labelling schemes, caused

by falsified labels and certificates, which would undermine credibility and

consumer confidence.

Currently, traceability in the fisheries sector is mainly assured by docu-

mentation and labelling of products. For example, for the EU, the `Common

Fisheries Policy (CFP) Control regulation' (EC) No 1224/2009, lays down that

fisheries and aquaculture products on the market in the Community shall be
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Fig. 15.1 The global dimension of IUU fishing. Shown are the port visits by IUU-listed vessels worldwide. Countries where port visits were
recorded are marked in light grey. (with kind permission of Flothmann et al. 2010).
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Fig. 15.2 The impact of IUU fishing. Illegal and unreported catch, expressed as a percentage of reported catch, and including upper and lower
bounds, by species group in the period from 2000 to 2003. Reproduced with kind permission of Agnew et al. (2009).
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adequately labelled to ensure traceability (European Council, 2009) in line with

regulation (EC) 178/2002 (European Parliament and Council, 2002). Minimum

labelling requirements include the FAO alpha-3 code of each species and

information for consumers provided for in regulation (EC) No 2065/2001 such

as commercial designation, scientific name, relevant geographical area and

production method (European Commission, 2001). Additionally, according to

the recently implemented `IUU Regulation' (European Council, 2008), fishery

products can only be imported into the European Union when accompanied by a

catch certificate. The certification scheme also aims to ensure product

traceability at all stages of production, from catch ± to processing, and transport

± to marketing, and to be a tool to enhance compliance with conservation and

management rules.

To protect such a system from fraud or error, an independent and robust

procedure for species and geographic origin assignment is required. It is the

application of tools derived from advanced molecular and chemical methods

that can provide an objective and unequivocal test for traceability of diverse fish

products, and it is these methods that we focus on here.

This chapter introduces briefly the available modern molecular technologies

with high potential for practical traceability in the fisheries sector. We

demonstrate how such technologies can effectively contribute to tackle IUU and

support sustainable fisheries management as well as consumer protection. To do

so, such technologies have to address the following key questions (Fig. 15.3):

· What species is it?

· Where was it caught?

· And in light of increasing aquaculture activity, as well as breeding for marine

stock enhancement, is it derived from wild sources or aquaculture/fish farms?

While the first question about the species identity is nowadays vastly routine,

due to DNA barcoding and related methods (see below), the identification of

origin remains a challenging task. To provide a general background, available

techniques will first be introduced, followed by a description of how species

identification and origin assignment are enabled by advanced technologies.

Finally, we discuss to what extent these technologies are already applied in the

fisheries sector by authorities and the fishing industry, and how to facilitate a

coherent global transfer of such tools for easy uptake by stakeholders and end-

users worldwide.

15.2 The traceability tool box: an overview of available
molecular technologies for species identification and origin
assignment of fish products

Traceability in the `ocean to fork' sense relies on efficient, reliable, cost-

effective technologies, enabling the independent control of compliance with

rules. In the fisheries sector, this encompasses the ability to determine whether
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Fig. 15.3 The three principal questions of a traceability framework for fish and fish products: a) What? b) Where from? c) Wild or cultured? (Fish
symbols courtesy of the Integration and Application Network, University of Maryland Centre for Environmental Science. Map: European Union,

2010.)
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labels on fish and fish products identify the correct species, correct origin, and

whether fish are derived from aquaculture or the wild. Ideally, such methods

should be adapted to end-users such as staff of control authorities, be applicable

on whole fish as well as processed products, and swiftly lead to results.

Moreover, if they are to be utilised for enforcement, these methods should be

validated applying forensic standards and generate levels of confidence based on

statistical analysis certainty, which are considerably higher than that required for

purely scientific inference (Murphy and Morrison, 2007).

Historically, a panoply of diverse methods have been used in identification of

fish species or in analyses supporting origin assignment. These include the

description of morphology used to identify a species. Markers, determined by

the environment such as parasite load (MacKenzie and Abaunza, 1998), can be

used to determine where a fish comes from (origin assignment). However, most

morphological markers are also influenced by environmental factors (e.g. tem-

perature), which complicates their interpretation, in contrast to molecular

genetic markers (see below) which are transmitted across generations

independently of environmental factors.

With the advent of molecular biology, molecular and genetic markers are

increasingly employed for both species identification and origin assignment. It is

important to understand that traceability tools for species identification and

origin assignment require comprehensive reference data sets (`baselines'): When

control authorities wish to test whether a fish fillet derives from the species

indicated on the product label, their analytical data must be comparable to a set

of validated data for species identification. This has been achieved to a great

extent by the DNA barcoding approach (see below). Likewise, if the origin of a

fish (product) is under investigation, fish deriving from different geographical

regions must have been formerly analysed and distinct features, robust

`population-level signatures', characterising these groups must be recorded.

We now consider some fundamental principles on the use of advanced analytical

technologies based on genetics, genomics and chemistry for traceability of fish

species identification and origin assignment.

15.2.1 Fatty acid analysis

In marine animals, about 20 different fatty acids are present at relative amounts

of greater than 1%, serving as sources of energy and structural elements at the

cellular level. The fatty acid profile (the amount of each particular fatty acid in a

tissue) may vary significantly at both species and population levels, and can be

analysed by spectrometric methods. The fatty acid composition of fish tissues

appears to be largely genetically determined (Kwetegyeka et al., 2008), but is

also influenced by biological (e.g. age, maturity) and environmental features

(e.g. diet, water temperature; reviewed in Grahl-Nielsen, 2005).

Populations or stocks of a fish species inhabiting different geographical areas

are typically characterised by distinct environmental conditions and nutriments,

which may be distinguishable by qualitative and quantitative analysis of the fatty
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acid composition. Such an approach has been followed for stock identification in

a presumed fisheries fraud case investigating alleged false reporting of herring

landed by a Norwegian purse seiner. Charges against the fisherman were dropped

after comparison of fatty acid profiles of fish under investigation with fish of

known provenance (Grahl-Nielsen, 2005). Also, nuclear magnetic resonance

(NMR) spectroscopy of lipids has been used successfully to distinguish farmed

from wild Atlantic salmon, to discriminate between different geographical

origins, and to verify the origin of market samples (Aursand et al., 2009).

Fatty acid profiling can be performed on fresh or frozen fish tissues, but its

application on processed fish products, such as smoked or canned fish, requires

further evaluation. FishPopTrace, a project funded through the EU 7th

Framework programme, is currently exploring the potential of fatty acid profile

analysis as a geographical origin identification tool for traceability purposes.

15.2.2 Microchemistry and stable isotope analysis

Chemical elements from the surrounding water are incorporated into mineralised

tissues such as otoliths (the fish ear stones) and scales (Fig. 15.4). The relative

concentrations of various elements, especially Sr, Ba, Mn, and heavy metals, as

well as the isotopic ratios of O, Sr, and Ba, can be used as a `chemical

fingerprint' which is characteristic of fish living in different geographical loca-

tions. Otoliths grow throughout the life of a fish, and the composition of each

layer is discreet and permanent so that it is possible to determine origin and

movements of fish at different points in time (Campana, 2005; Elsdon et al.,

2008).

Techniques for elemental analysis include bulk analysis, in which the whole

otolith is dissolved and assayed to give an average composition, and surface

analysis, where specific zones are targeted for analysis of specific life stages or

time periods. Both approaches have been employed to examine population

structure and traceability of various marine fish species (Geffen et al., 2003;

Elsdon et al., 2008; Cuveliers et al., 2010). Otolith analyses can be used to

Fig. 15.4 Otoliths (fish ear stones). On the left-hand side otoliths from common sole,
herring, hake and cod are displayed. On the right-hand side a sole (Solea solea) otolith of

which a section is magnified clearly showing the growth increments.
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characterise both the population of origin and the location of harvest, and results

in high discriminatory powers even over relatively short geographical distances.

For example, the composition of plaice (Pleuronectes platessa) otoliths differed

significantly over locations less than 100 km apart within the eastern Irish Sea

(Geffen et al., 2003). Microchemistry data, in combination with otolith shape,

DNA markers, and other parameters, allowed separation of wild North East

Atlantic cod from farmed cod, together with the harvest origin of individuals

(Higgins et al., 2010). For traceability purposes, otolith element analysis is

suitable for all stages along the supply chain provided the heads remain with the

fish. An advantage of otoliths is that the elemental composition is resilient, and

does not degrade or change over time after death (Thresher, 1999).

Other hard tissues, such as scales or spines, have also been used to establish

elemental fingerprints (Gillanders, 2001), including the discrimination of wild

and farmed Atlantic salmon (Salmo salar) (Adey et al., 2009). It was also shown

that trace element analysis on soft (muscle) tissue, can be used to distinguish

groupings of pink ling (Genypterus blacodes) from different areas in New

Zealand (Bremner, 2009).

15.2.3 Genetic markers

Genetic markers are heritable, discrete and stable. Their use in fisheries science

dates back to the 1950s, and encompasses a wide scope of applications. Many of

those uses, however, are rather academic and their relevance for a modern and

efficient traceability scheme, are discussed in detail elsewhere (Kochzius, 2008).

Broadly speaking, the analysis of genetic markers can be separated into

DNA-analysis, revealing DNA sequence variation, and protein analysis, that

reveals differences in amino acids. For traceability purposes, samples of fish (or

products) have to be collected, followed by DNA or protein extraction from

tissue, nowadays a routine process facilitated by commercial kits. Protein

analysis, such as isoelectric focusing (IEF) and related techniques (Rehbein,

2003), or assays based on antibodies binding to proteins with high specificity

(Taylor et al., 1994), can provide high species resolution and are still applied for

fish food authenticity control. However their application is progressively being

replaced by DNA-based technologies (see below).

Recently, the use of DNA markers has increasingly become the standard

approach in fisheries genetics and fish food research (Hauser and Carvalho,

2008; Rasmussen and Morrissey, 2008). Both for fish species identification and

population structure studies, which ultimately underlie origin assignment, the

genome of the mitochondria ± sub-cellular organelles ± and the nuclear genome

have been useful (Kochzius, 2008). Particularly, the use of the mitochondrial

cytochrome oxidase I (COI) gene for species identification by `DNA barcoding'

has a high potential for routine fish species identification purposes (Ward et al.,

2009). For the analysis of species identifying DNA markers, a panoply of

different technologies has been employed, which is reviewed in detail elsewhere

(Teletchea, 2009).
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Here we will focus on those DNA markers most amenable to traceability

purposes. Microsatellites, also called short tandem repeats (STRs) in forensics, are

tandem sequence repeats of one to six nucleotides (e.g. `cgtacgtacgtacgtacgta') in

the genome. Their high polymorphism is characterised by variable repeat numbers

(between 5 and 100) even between individuals. Microsatellites are the standard

marker for human identity testing by DNA profiling and for forensic genetic crime

scene investigation (Butler, 2005). They have also been extensively used in fish

population studies, and their potential value as traceability markers for origin

assignment is very high. However, despite the widespread application of micro-

satellites, there are drawbacks, particularly scoring error and lack of comparability

among laboratories (Dewoody et al., 2006). Nevertheless, numerous examples

exist where microsatellites are used for fish population/stock analysis, manage-

ment, and also origin assignment (Manel et al., 2005; Hauser and Carvalho, 2008),

including Atlantic salmon (Primmer et al., 2000), Pacific salmon (Fisheries and

Oceans Canada, DFO1) and cod (Nielsen et al., 2001).

Meanwhile, single nucleotide polymorphisms (SNPs) entered the realm of

fisheries genetics, offering great potential for origin assignment (Hudson, 2008).

SNPs are genome sites where more than one nucleotide (A, C, G or T) is present

in a species. They are the most abundant polymorphism in the genome

(Brumfield et al., 2003), but per locus normally only two alleles exists (biallelic

markers), thus they are less variable than microsatellites, where often many

alleles exist. The lack of potential information per SNP marker is outweighed by

their high abundance. Compared to other genetic markers, where routine

genotyping and transfer of protocols between laboratories proves difficult, the

information retrieved from SNPs is categorical, and data can be standardised

across laboratories for forensic applications (Sobrino et al., 2005). However, as

discussed below, a substantial research effort targeting all commercial marine

fish species will be necessary before SNPs can be employed routinely for origin

assignment.

Despite this, available studies on marine fish using SNPs are encouraging.

SNPs as markers to distinguish stocks of Atlantic cod (Gadus morhua) provided

a high resolution power for stock identification, comparable to that of

microsatellite loci (Wirgin et al., 2007). Another example for the increasing

use of SNPs is the North Pacific Anadromous Fish Commission (NPAFC) that is

developing SNP arrays for Pacific salmon (http://www.npafc.org).

The rapid progress of DNA analysis technologies will have significant effects

on the development of traceability tools. High-throughput sequencing has

declined dramatically in cost, while speed and quality of analysis has increased

by orders of magnitude. This is well illustrated by human genome sequencing,

which can currently be accomplished in a few weeks at costs below US$5000,

compared to more than a year and more than US$100 million in 2007 (Metzker,

1. DFO website: http://www.pac.dfo-mpo.gc.ca/science/facilities-installations/pbs-sbp/mgl-lgm/
proj/index-eng.htm
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2010). New sequencing technologies provide great opportunities for genetic fish

population analysis and consequently also for traceability in the fisheries sector

as shown by FishPopTrace (https://fishpoptrace.jrc.ec.europa.eu) where in a few

weeks over 100 million bases of sequence data have been generated for

European hake (Merluccius merluccius), Atlantic herring (Clupea harengus) and

common sole (Solea solea).

For species identification, DNA microarrays (`DNA-Chips') can here be of

great value. Microarrays consist of a surface with thousands of covalently

attached DNA oligonucleotides. This allows monitoring of thousands of different

(i.e. species identifying) DNA sequences simultaneously with one array (size

about 1� 1 cm). Theoretically, just one chip would enable the screening for all

major economic fish species simultaneously (Kochzius et al., 2008). While the

development of DNA-microarrays is laborious, the running costs are moderate.

Other high-throughput and parallel processing methodologies for fish species

identification have also been developed (Dooley et al., 2005). Such technologies

might ultimately lead to the development of handheld analytical devices,

enabling field use, which is critical with respect to the response time (the period

between starting an investigation and the receipt of analytical results). For

example, inspectors in the fisheries sector carry huge responsibility: if they

decide to put landings `on hold' because of suspect content, there can be severe

consequences for fishers and stakeholders. Engineering of such machines is

carried out in support of forensic genetic analysis at crime scenes (Liu et al.,

2008). However, while recent publications show that progress has been made in

this area (Arnaud, 2008), currently no cost-effective handheld analytical device

supporting fisheries control and enforcement or traceability is available.

15.2.4 Forensics in support of traceability

Forensics, the application of scientific methods to answer questions in relation to

a crime or to a civil action, have become increasingly relevant in wildlife law

enforcement (Ogden et al., 2009). That forensic evidence can support investiga-

tions and deter illegal fishing or fraud along the food supply chain has been

demonstrated: forensic genetic and chemical analyses contributed to the body of

evidence during various recent crime cases, such as the illegal import and sale of

over 1000 tons of falsely labelled catfish, worth US$15.5 million, into the USA.

The investigation of this large-scale conspiracy was undertaken in cooperation

between diverse US federal agencies. Species identification was undertaken with

forensic DNA testing carried out by scientific laboratories. The test results

provided evidence during the court trials and led to convictions (Personal

communication: Paul Raymond, NOAA Office of Law Enforcement and Fiske,

2008).

Before criminal courts will routinely accept DNA testing, or chemical

analysis, in cases involving animals, rigorous validation of the techniques,

together with appropriate sampling, evidence handling, and statistical evaluation

of analytical results are required. A major challenge is to present evidence which
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is robust, lucid and unequivocal, since all elements such as sample collection

and transfer, data compilation and analysis, as well as reference data sets are

liable to be scrutinised for flaws during court trials and must be validated

(Ogden, 2008). The handling of physical evidence is one of the most important

factors in an investigation. Samples must be collected, inventoried, preserved,

transported, and submitted for testing without compromising the evidential chain

of custody. In this respect, guidelines established for processing human crime

scenes, such as approved by the Technical Working Group on Crime Scene

Investigation (Reno et al., 2000), may be transferred into fisheries enforcement,

to avoid errors that result in inadmissibility of evidence. Quality assurance is

also obtained through Standard Operating Procedures (SOPs); documents

containing instructions to perform procedures that are routine, standardised, and

for which no ad-hoc modification is acceptable. SOPs help to ensure quality and

integrity of data and provide for uniformity and accountability (Bowker, 2006).

Apart from guaranteeing acceptance of evidence in courts, applying forensic

standards to traceability technologies will greatly facilitate international

collaboration and technology transfer, particularly to developing countries,

which urgently need support in this area. The transfer of molecular technologies

into a forensic framework for traceability, fisheries control and enforcement is

specifically addressed by FishPopTrace, and was also a central topic during a

recent interdisciplinary FAO workshop on forensic technologies for fisheries

control and enforcement.2

15.3 Species identification and origin assignment of fish: key
components of an efficient traceability framework

Mislabelling of seafood undermines fisheries management and conservation,

impacts the economy and deceives the consumer (Jacquet and Pauly, 2008).

Worldwide traceability schemes are in place to counteract such effects. How-

ever, as mentioned at the outset, traceability is presently predominantly built on

labels and certificates.

Customs and fisheries authorities control for compliance with traceability

requirements throughout the supply chain, by establishing correctness and

consistency of information accompanying the products. However, control

technologies, which are entirely independent from information provided, would

be an invaluable asset to traceability schemes. We now consider how the

technologies described above can provide efficient independent tools to control

for compliance, and support enforcement of laws underlying traceability in the

fisheries sector.

2. Informal Workshop on the Use of Forensic Technologies in Fisheries Monitoring, Control and
Surveillance; FAO, Rome, Italy, 9±10 December 2009.
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15.3.1 Fish species identification

A study of food fish in the United States revealed that three-quarters of fish sold

as `red snapper' were mislabelled (Marko et al., 2004). DNA-barcoding of fish

samples from markets and restaurants in North America revealed that about 25%

of analysed specimens were mislabelled (Wong and Hanner, 2008). In South

Africa, genetic tests on fish fillets revealed that half of all fillets examined were

mislabelled (Von Der Heyden et al., 2010). These and other recent examples

(e.g. Pepe et al., 2007; Schwartz, 2008; Bertoja et al., 2009; Miller and Mariani,

2010) highlight how common false labelling of fish is, and stress the urgency of

providing authorities and the industry with cost-effective efficient species

authentication tools.

For whole fish, the species can generally be determined by visual inspection.

However, fish species identification on a routine basis as part of a traceability

scheme, must be possible on processed fish (fillets, canned and cured, etc.) and

not require expert taxonomic knowledge. Molecular methods provide such assets.

Formerly, authorities often used protein analysis for authentication purposes

(reviewed by Rehbein, 2003). Meanwhile, DNA-based methods are increasingly

used to reveal species substitution in fish and seafood product (Rasmussen and

Morrissey, 2008, 2009). DNA-based methods have advantages over protein-

based analysis: DNA is less sensitive to degradation, e.g. during processing, it

can be extracted at all stages from egg to adult, from processed products and

even historical samples (Nielsen and Hansen, 2008). Genetic variation at the

DNA level can be revealed by sequencing, and PCR amplification makes it

possible to analyse minute amounts of tissue. Also ± important in a forensic

context ± DNA sequence data are considered as easier to replicate and

standardise across laboratories (Ward et al., 2009).

Genetic markers for species identification must exhibit low diversity between

individuals of the same species (low intraspecies polymorphism), but high

diversity between individuals of different species (high interspecies poly-

morphism: so-called `barcoding gap'). These conditions are generally met by the

mitochondrial cytochrome c oxidase subunit 1 (COI) gene, of which a segment is

employed as a marker in the DNA-barcoding approach steered by the Barcode of

Life initiative, which is devoted to developing DNA-barcoding as a global

standard for species identification (Costa and Carvahlo, 2007).

As part of CBOL, the Fish Barcode of Life Initiative (FISH-BOL) co-

ordinates the assembly of a standardised reference sequence library for fish

species, derived from taxonomically identified voucher specimens, with more

than 7000 fish species currently barcoded (June 2010). DNA barcoding has

repeatedly been applied successfully to reveal mislabelling of seafood and the

US Food and Drug Administration (FDA) considers replacing protein isoelectric

focusing on fish products by barcoding as an authentication tool (Yancy et al.,

2008). Also the mitochondrial cytochrome-b gene has successfully been used for

species determination (Logan et al., 2008): a data base exists within the

FishTrace database (www.fishtrace.org), where more than 200 commercial

marine fish species are recorded in a genetic catalogue, and moreover all
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compiled DNA sequences are linked to a voucher stored in a Natural Museum.

Importantly, both the FISH-BOL and FishTrace databases are public, and can

therefore be used by control and enforcement authorities to access reference

DNA sequences.

As discussed above, microarray platforms provide the possibility of screening

many fish species simultaneously and a DNA microarray has been developed to

identify 11 fish species from European seas based on mitochondrial 16S rDNA

sequences (Kochzius et al., 2008). Also, SNPs can be used as species identifica-

tion markers. This is currently being tested in an international collaboration3 for

the identification of caviar, a product notorious for being subject to illegal trade

(European Commission, 2006).

15.3.2 Origin assignment of fish

Determining the geographical origin of fish and fish products throughout the

supply chain also addresses the question of whether a fish originates from the

wild or from aquaculture. Assignment depends on matching individual fish to

groups of fish with similar characteristics, driven by common environmental

factors, common genetic material or both. Often rather loosely, such groups are

referred to as populations or, in a fisheries management context, as stocks. The

terms `stock' and `population' are not necessarily interchangeable, which in the

context of traceability is important to consider: `stock' is a technical term

describing a group of individuals under management considerations for exploita-

tion (Carvalho and Hauser, 1994). Stocks might not be genetically distinct

groups of fish, but reflect differences in phenotypic life history parameters in

response to environmental variation and fishing pressure. Normally, stocks

occupy well-defined spatial areas (fishing areas) independent of other stocks of

the same species, but random dispersal or migration due to seasonal or repro-

ductive activity can occur. The term `population' takes into account the

reproductive relatedness of organisms. Simplified, it describes individuals of a

particular species, which can be defined as a local interbreeding group (a more

elaborate account of the term `population' has been provided by Waples and

Gaggiotti, 2006). Such a grouping has reduced genetic exchange (gene flow)

with other groups of the same species, meaning that mating between individuals

of different groups occurs only rarely. This interbreeding restriction leads to

isolation from other groups from the same species and genetic differentiation

occurs (Waples et al., 2008). Thus, groupings based on demographic relation-

ships (e.g. microchemistry) might not necessarily reveal identical patterns to

those dependent on interbreeding and resultant population structure (genetic

markers). Such potentially discordant patterns revealed by different tools

necessarily demands sufficient data on salient features of the population and

demographic structure of fish for interpretation.

3. SturSNiP ± Sturgeon Product Traceability based on SNPs; http://stursnip.jrc.ec.europa.eu
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Assigning individuals to their origin is based on the probability estimation of

encountering a combination of characteristic features (e.g. genotype or chemical

composition), established for these individuals, in a number of potential source

populations (Fig. 15.5). As pointed out, this can only be accomplished if a

baseline exists, that is, the composition of the potential source populations has

formerly been determined. Genetic markers especially combine various assets

Fig. 15.5 The principle of individual assignment (IA): (a) Individual fish of unknown
origin are assigned to a set of baseline stocks or populations. In this scenario, using the
three baseline populations North Atlantic (NA), North Sea (NS) and Baltic Sea (BS) the
fish in question will be assigned to BS. (Map: European Union, 2010). (b) Percentage
misidentification of cod from each of three geographic areas based on individual-based
assignment. Each individual of unknown origin is assigned probabilistically to a number
of known baseline populations based on its multi-locus genotype (here for cod and using
9 microsatellites). The arrows indicate percentage of misassignment (Nielsen, 2001;

courtesy of E.E. Nielsen).
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with regards to creating such baselines. They are heritable and the genetic

structure of populations typically remains stable over generations. Also, genetic

loci are particularly accessible by statistical analysis and a large body of

underlying population genetic theory supporting the statistical analysis is readily

available (Waples, 1990). Moreover, a variety of software applications using

multilocus genotype data to infer population structure and assign individuals to

populations, have been developed (Cornuet et al., 1999; Banks and Eichert,

2000; Pritchard et al., 2000; Piry et al., 2004), and recently approaches have

been devised to analyse population structure in the context of the seascape and

environmental variables (Hansen and Hemmer-Hansen, 2007). These

developments will greatly support traceability approaches.

Using genetic markers (microsatellites, SNPs) and new statistical methods for

their analysis, it has been shown that for commercial marine fish species,

including herring and cod, population structuring can be evident even at small

geographic scales (Hauser and Carvalho, 2008; Nielsen et al., 2009), which is

favourable for traceability. Indeed, while origin assignment of marine fish remains

challenging compared to freshwater and anadromous species that typically display

higher genetic differentiation, its feasibility has been proven in at least some cases

(Manel et al., 2005). Scientists of the Technical University of Denmark were able

to assign Atlantic Cod (Gadus morhua) individuals to a North Sea, Baltic Sea or

north-east Arctic Ocean population with almost 100% certainty, using

microsatellite markers (Nielsen et al., 2001). The same principle has been

applied to generate evidence in court during a case where a fisherman claimed the

wrong origin for his catch. The evidence provided the basis for a conviction

(Personal Communication: Lars B. Erikson, Danish Directorate of Fisheries;

Inspectorate of Fisheries; Einar E. Nielsen, Technical University of Denmark).

Approaches not based on DNA technologies for origin assignment are also

valuable. Fatty acid analysis has been employed to distinguish between marine

fish of wild and aquaculture origin (Seaborn et al., 2000). It was also shown that

trace element analysis on muscle tissue, applying forensic standards, can be used

to distinguish groupings of pink ling (Genypterus blacodes) from different areas

in New Zealand (Bremner, 2009). Such approaches are distinct from a genetic

approach in that demographic relationships are revealed rather than reproductive

relatedness: indeed, these approaches can complement each other.

15.4 Technology transfer: from the research laboratory to
authorities, industry and policy makers

As reflected in a vast treasure of myths and legends, the oceans and seas have

always been a vital and cherished source of food for humans. Seafood globally

plays a fundamental role in the supply of nourishment, contributing in some

parts of the world more than 50 percent of total animal protein intake (FAO,

2009). Moreover, beyond its role for sustaining livelihood, marine fisheries and

aquaculture have nowadays tremendous socio-economic importance.
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Reckless IUU fishing contributes greatly to the looming demise of marine

fisheries in many parts of our world, and fraud along the supply chain distorts

markets and impedes consumer protection. Globally, efforts are underway to

restrain illegal fishing activities. Examples are the FAO International Plan of

Action to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated

Fishing (IPOA IUU) (FAO, 2001), or the recently implemented IUU Regulation

of the European Union (European Council, 2008), and modern control and

monitoring technologies such as satellite-based vessel monitoring and detection

(VMS/VDS). Traceability is also generally acknowledged as an important

component fisheries control, and to assure product authenticity.

In this context, the prevailing under-utilisation of molecular technologies, in

particular DNA-based technologies, is unexpected. As shown by many, yet sparse,

examples (see above), such technologies are not only theoretically available for

traceability purposes in the fisheries sector, but have already been used for

fisheries control and enforcement, as well as by the industry. Moreover, while

origin assignment of marine fish remains a challenge, species identification for

traceability purposes is at a stage where it should become standard and routine

internationally. The ease with which DNA-barcoding can be applied is

exemplified in a test carried out by high-school students of the Manhattan Trinity

School in collaboration with the University of Guelph, Ontario (Canada): 60

samples of seafood taken from New York sushi restaurants and seafood markets,

were tested for their authenticity. DNA-barcoding revealed that approximately

25% of fish samples with identifiable DNA were mislabelled (Schwartz, 2008). In

a similar way, it is anticipated that with appropriate investment and development,

enterprises such as FishPopTrace will increase accessibility and reliability of

origin assignment (Martinsohn and Ogden, 2009). The feasibility is shown by a

collaboration between the Danish fisheries inspectorate and the Danish Technical

University (DTU). Inspectors are equipped with tissue sampling kits and can send

samples for genetic analysis to a laboratory of the DTU if suspicion about the

identity or origin of fish landings arises (Personal communication: Lars B.

Erikson, Danish Fisheries Inspectorate).

Yet, despite such largely anecdotal success, a coherent and consistent

approach to fully integrate molecular technologies into a traceability

framework supporting fisheries control authorities as well as the industry on

an international level, is not yet in place. Since illegal fishing or fisheries fraud

is barely impaired by borders, such apparent little uptake is of particular note.

Similarly, it is appropriate to stress that developing countries are most exposed

to the risks emerging from IUU. For example, along the West African

coastline, total estimated catches were reported to be 40% higher than reported

catches (MRAG and Development: DFID, 2009). Many countries, including

those from the developing world, urgently require access to affordable valuable

traceability tools for fish and fish products and, eventually, the use of forensic

molecular tests as emphasised, for example, by the FAO (Personal communi-

cation: Michel Kuruc, FAO Fisheries and Aquaculture Department). However,

such uptake places demands not only on the availability of appropriate
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technologies, but crucially is constrained by complex socio-economic and

political issues.

So what are the primary reasons for the insufficient transfer of advanced

molecular technologies into traceability applications readily available for

authorities and the industry, and how can existing obstacles be overcome? To

a certain extent it is founded on the negligible uptake of such technologies into

fisheries management, as the consequence of a prevailing gap between science

and fisheries management (Waples et al., 2008). A similar problem is apparent

in wildlife forensics (Ogden, 2010).

A further considerable impediment is the current absence of a central data

hub, where DNA and chemical data relevant to fish and fish product traceability

is stored, professionally managed and easily accessible, similar to the European

Bioinformatics Institutes (EBI) DNA databank (Brooksbank et al., 2009).

However, a great opportunity opened for species identification by the DNA-

barcoding approach, since the reference sequences for currently more than 7500

fish species (June 2010) are compiled in a public database (http://

www.boldsystems.org). In contrast, no comparable database is available that

includes population baseline data for origin assignment, is unavailable, which is

the basis for the recommendation of the ICES Working Group on Applied

Genetics in Fisheries and Mariculture (WGAGFM) to create a meta-database

cataloguing existing data in the field of fish and shellfish population genetics

(Verspoor et al., 2009).

Additional requirements have to be fulfilled to build a functional infra-

structure ensuring the use of modern molecular technologies globally. Not only

should data be easily accessible, but it must also be validated, data quality must

be verified, and standardised formats must be applied. Secondly, a network of

test laboratories, certified to carry out analysis for control and enforcement

purposes, and applying protocols, validated through inter-laboratory trials, as

well as forensic standards should be established. Such institutions should also be

committed to share information and expertise. In many countries it will not even

be necessary to create new laboratories, as facilities with appropriate expertise

and capacity already exist. However, these typically operate independently, and

respond to ad hoc queries. To ensure inter-operability and consistency, both on

the national and international level, accreditation schemes for routine and

reference laboratories should be put in place, as for instance observed in the

GMO detection area (Zel et al., 2006, 2008). Another crucial component of

capacity building is training for inspectors and enforcement officers, including

guidance in core sampling procedures and for laboratory personal (see Section

15.2.4). The existence of `focal points', institutions, endowed with the necessary

expertise and authority to produce technical guidelines and standards to be

followed by laboratories, and to pursue targeted dissemination activities in order

to inform stakeholders would be crucial.

Ideally such an approach should be accompanied by a sound cost-benefit

analysis (CBA) to estimate cost-effectiveness and to provide a valuable

reference and decision-support tool for stakeholders and policy analysts (Pearce
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et al., 2006). However, the recent decline in costs, especially for DNA analysis,

and the examples of applications, strongly indicates that the methods discussed

here are cost effective. Moreover, advanced technologies feature an added value

in that they are beneficial to fisheries management beyond traceability: they

typically allow detection and monitoring of discrete fish assemblages, the

dynamics of which underpin resilience and recovery (Waples et al., 2008).

15.5 Conclusions

The state of art in genetics, chemistry and forensics, as discussed here, illustrates

that molecular analytical technologies and forensics can support fisheries control

and enforcement, as well as the verification of authenticity and origin of seafood

for traceability from `ocean to fork'. The transfer of such technologies into

applications for control authorities and the industry worldwide would significantly

benefit the consumer, as well as socio-economic development in the fisheries

sector, and the ecological balance of our oceans. Ultimately such technologies

could forcefully contribute to an escape route from the `Tragedy of the commons'.
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16.1 Introduction

Food quality, safety and healthiness are a continuous concern for food producers

and their end consumers. One should be careful about being too optimistic and

remain vigilant with respect to the wholesomeness of our food and its

provisioning, but largely speaking and notwithstanding a few exceptions, most

European consumers have been saved from major pan-European food safety

incidents and crises during the last decade. The BSE (bovine spongiform

encephalopathy) crisis during the second half of the 1990s and the political,

institutional and private managerial reactions to this crisis constituted a land-

mark for European food quality and safety policy. Traceability systems were

16
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established and product labelling gained momentum, in terms of quality, origin

and nutrition labelling.

Transparency and communication were key components in strategies to re-

establish perceived integrity of food and food supply chain. Labelling, in

particular, became a valuable potential alternative and complement to private

banding as a product differentiation strategy. Indications on food labels may

indeed represent some value to consumers because they may be perceived as

signalling a particular quality level.

Labels inform consumers during their food choice decision-making process

and can contribute to reducing uncertainty and aligning food choices with true

preferences (Verbeke, 2005). Nevertheless, food labelling was sometimes

criticised for potentially overloading consumers with information they may

neither really need nor use. Such an information overload entails the risk of

adding to the existing uncertainty, which may trigger indifference or disinterest

among consumers. Therefore, finding the right balance in terms of information

provisioning and its formatting has become a key challenge for food policy

makers and stakeholders involved in European food chains.

Apart from intrinsic food quality and safety, ethical food qualities (e.g.

animal welfare, environmental impacts, child labour, benefit-sharing with poor

countries and fair trade) have also emerged during the last decade as decisive

factors in food choice decisions for a growing number of consumers. Food

chains are increasingly expected to deliver these qualities as well, and to

organise their supplies, processes and communications accordingly. Safety and

ethical attributes are examples of so-called credence attributes, i.e. attributes that

consumers can neither experience upon usage or consumption of the food, nor

can they effectively verify them upon purchase, unless these qualities are

appropriately communicated.

A crucial role is therefore reserved for the organisations and sources involved

in the certification and communication of these qualities. In most cases, the

sources of communication are the food chains themselves including producers,

processing industries and retailers, whose real and perceived integrity has

become vital to maintaining credibility, building corporate image and

strengthening competitive position.

The contribution of this chapter is threefold. First, it will present the case of

traditional foods based on EU (European Union)-funded research performed as a

part of the project Truefood (`Traditional United Europe Food'). This case will

demonstrate that a good understanding of how consumers define and perceive a

particular food category is crucial for developing effective communication to

European food consumers. Second, based on data collected during the EU-

funded project ProSafeBeef (`Advancing Beef Safety and Quality through

Research and Innovation'), this chapter will illustrate how European consumers

think and feel about beef safety and novel beef processing technologies aimed at

improving safety. The insights obtained from this study are topical to illustrate

European consumers' attitudes towards beef one decade after the BSE crisis,

which triggered numerous initiatives to re-establish consumer trust in beef and
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perceived integrity of the beef supply chain. Third, consumer interest in

traceability and traceability information will be discussed using insights from

the EU-funded project SEAFOODplus (`Health promoting safe seafood of high

eating quality in a consumer-driven fork-to-farm concept'). Finally, the chapter

will highlight emerging ethical issues that are expected to increasingly shape the

integrity of food and food chains in the near future. For this purpose, insights

from the EU-funded project Q-PorkChains (`Improving the quality of pork and

pork quality for the consumer') and other studies will be presented.

16.2 Definition and perception of traditional foods

Food chain experts have defined traditional foods along four dimensions

including locality, authenticity, availability over a long period of time, and

linkage with gastronomic heritage (Guerrero et al., 2009). This definition was

adopted as the initial working definition within the Truefood project where it

was further researched from the specific perspective of food consumers.

Following a set of focus group interviews with consumers in Belgium,

France, Italy, Norway, Poland and Spain, a first and all-embracing consumer-

based definition of traditional foods was proposed by Guerrero et al. (2009). The

diversity of consumer reactions towards the different elements comprised in this

definition suggested that traditional foods may be appealing to different con-

sumers in different ways depending on their cultural background and situational

influences. In order to validate the different elements of the consumer-based

definition of traditional foods, and to verify whether a concise consensus

definition is realistic, the second phase of the study consisted of a quantitative

cross-sectional consumer survey. Representative samples of about 800

consumers in Belgium, France, Italy, Norway, Poland and Spain (total sample

size 4828) completed a web-based survey in autumn 2007. As a result of this

quantitative phase, the following definition of traditional foods was agreed:

`A traditional food product is a product frequently consumed or

associated to specific celebrations and/or seasons, transmitted from one

generation to another, made in a specific way according to the

gastronomic heritage, naturally processed, and distinguished and known

because of its sensory properties and associated to a certain local area,

region or country' (Vanhonacker et al., 2010a).

Some elements of this definition were widely supported by European con-

sumers from each of the countries involved in the study. These elements

included the association with a long existence or history, a high degree of

consumer familiarity, the presence of specific sensory properties, seasonal

availability and authenticity. The latter aspect relating to authenticity has a clear

link with the concept of integrity in traditional food chains, since it was related

in particular to an authentic origin, the use of authentic recipes, the combination

of authentic raw materials and authentic ways of processing. Other elements,
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like associations with special occasions, locality, and natural processing were

generally weaker and not equally shared across cultures. Hence, depending on

the target audience, such elements may require more or less emphasis in

communications about traditional foods.

This consumer study also revealed that traditional foods have a very

favourable image among European consumers, which is mainly stemming from

the products' specific taste, high and consistent quality, healthiness, safety and

nutritional value (Vanhonacker et al., 2010a, 2010b). Interestingly, perceptions

relating to the low availability of traditional foods (a flavour of exclusivity) and

their time-consuming preparation also contributed positively to the image of

these foods. Hence, from a consumer perspective, traditional foods are a broad

and multifaceted concept that is difficult to cover with a concise and short

definition. The insights from this study are quite challenging from a policy and

communications perspective. They suggest namely that the integrity of tradi-

tional foods and traditional food supply chains may be judged by consumers

against a wide and flexible range of criteria as specified in the definition, most

of which have to be met consistently in order for the food and its supply chain to

be viewed as wholesome and integer, respectively.

16.3 Attitudes to beef safety and processing

The integrity of food supply chains has been criticised during the second half of

the 1990s following several consecutive problems with meat safety in particular,

such as growth hormone abuse, the presence of residues, risks associated with

BSE and Creutzfeldt-Jacob Disease, and dioxin contaminations in animal feed

and meat supply chains. The concept of traceability in the food chain has been

introduced as part of the EU General Food Law as a direct consequence of these

problems, most specifically with the establishment of Commission Regulation

2000/13/EC that defined the concept and spelled out its general provisions.

Research concerning consumer beliefs and perceptions towards the safety of

beef has been undertaken through qualitative exploratory focus group discus-

sions that were performed in 2008 with beef consumers in France, Germany,

Spain and the United Kingdom (Van Wezemael et al., 2010; Verbeke et al.,

2010). This exploratory phase was followed by a quantitative experimental study

beginning 2010. In these studies, European consumers defined beef safety

mostly in relation to their personal health and well-being. Consumers claimed to

personally face difficulties and uncertainty when evaluating beef safety at the

point of purchase. Nevertheless, a relatively high degree of trust was reported

towards beef `that is available' in the market, as well as confidence towards

independent institutions involved in quality control and certification.

Cues perceived to signal safe beef were local, regional or national origin,

labels and brands. Furthermore, `natural' beef was perceived as safe beef,

though consumers could not clearly define their opinion on what `natural' beef

is. Mostly, naturalness was seen as not enforcing the animals during their
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lifespan, natural feeding and little or no processing of the meat after slaughter.

The responsibility for beef safety was laid mainly with actors at the beginning of

the chain, such as livestock farmers and veterinarians, and to a lesser extent with

actors involved in the processing of beef.

The quantitative research findings suggested further that interventions to

improve the safety of beef are better accepted when applied in the early stages of

the beef supply chain, i.e. during primary production and through the feeding of

the cattle at the farm level, rather than in later stages such as on the slaughter

line or during beef processing and packaging.

Processing of beef emerged as a particularly sensitive issue among con-

sumers, who turned out to be very sceptical when they were exposed to infor-

mation about beef processing technologies; even on simple marinating

technologies which have shown to be quite successful in the market (de

Barcellos et al., 2010). Technologies that can make beef healthier (more

nutritious) and that contribute to guaranteeing beef eating quality were better

perceived than technologies to improve beef safety, which were largely rejected.

Criticism stemmed mainly from a desire to restrict processing as much as

possible and from fear of excessive manipulations and interventions that infringe

the integrity and naturalness of the food product in the shelf and on the plate.

Especially invasive technologies (e.g. injecting marinade) and restructuring of

meat (e.g. with enzymes) were rejected. The insights from these consumer

studies indicate that the perceived integrity of the beef chain relates mainly to

beliefs and perceptions of naturalness, a preference for safeguarding beef safety

from the early stages of the production process rather than curing during later

stages, the avoidance of invasive technologies and excessive manipulation, and

minimal processing in the supply chain.

16.4 Interest in seafood traceability and labelling

Detailed rules as regards the labelling and consumer information for fishery and

aquaculture products in the EU are specified in Council Regulation 104/2000

and Commission Regulation 2065/2001. These regulations include the

mandatory provisioning of information relating to the farmed or wild production

method of seafood. During a consumer study of 2004 (Olsen et al., 2007;

Pieniak et al., 2007), which included a sample of 4786 consumers from

Belgium, Denmark, the Netherlands, Poland and Spain, European fish con-

sumers were asked about their interest in different information cues on seafood

labels. These consumers reported the strongest interest in a safety guarantee and

a quality mark for fish, with almost 60% of the sample scoring five or more on a

seven-point scale.

Mandatory indications such as country of origin (catch or harvest), as well as

indications about the farmed or wild origin of the fish scored generally much

lower in terms of consumer interest. Also consumers' direct interest in trace-

ability information per se was very low. The study also included a consumer
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segmentation based on claimed use of and trust in information sources related to

seafood (Pieniak et al., 2007). The segmentation yielded three distinct consumer

segments, which were referred to as `Enthusiasts' (consumers who reported a

high degree of trust and a high claimed use of information sources), `Confidents'

(consumers who reported a high degree of trust but a low claimed use of

information sources) and `Sceptics' (consumers who reported both a low trust

and low use of seafood information sources).

Confident consumers reported a moderate to low score on direct interest in

traceability, most likely because they do not perceive a strong need for

traceability information owing to their already confident attitude. In contrast,

Enthusiasts scored highest on direct interest in traceability, whereas Sceptics

scored the lowest. These findings suggest that consumers' needs and expecta-

tions with respect to seafood information in general, and traceability information

in particular, are not uniform. Likewise, different consumer segments may

expect different communication about the integrity of (sea)food chains. Last but

not least, this study also revealed that no segment could be identified with a low

level of trust and a high claimed usage of information sources. Clearly, some

baseline trust is required before consumers even think about examining and

using information sources. This again stresses the relevance of real and

perceived integrity of food chains.

Interestingly, similar findings have been reported from a national study in

Belgium dealing with the case of fresh beef (Verbeke and Ward, 2006).

Information cues that relate directly to product quality and with which con-

sumers are familiar (e.g. expiry date and type of product) were much more

attended to than traceability information cues on beef labels. Also beef labels

that guarantee quality and safety scored relatively well in terms of attracting

consumers' attention.

The conclusions from both the seafood and beef traceability studies with

consumers are twofold. First, consumers will use those information cues they are

most familiar with. Second, consumer interest is much stronger in direct

indications of safety and quality instead of traceability information, alone.

However, meeting quality and safety interests requires an effective traceability

system as the backbone for providing quality and safety guarantees. Hence,

although traceability information may have little apparent value for consumers

directly and therefore might have not to be communicated in great detail to end-

users, its primary role is clearly within the chain where it functions as a vital tool

for safeguarding food chain integrity and allowing related communication with

customers.

16.5 Emergence of ethical issues

Real and perceived integrity of food chains is no longer determined only by the

intrinsic quality, including safety and healthiness of the foods it procures. More

intangible qualities that relate in many cases to ethical issues such as
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sustainability, environmental impact, carbon footprint, and animal welfare are

emerging. Sustainability pertains to the chain's potential for balancing and

achieving social, economic and ecological goals, sometimes expressed as the 3

Ps of People, Profit and Planet. Carbon footprints, energy-efficiency and food

miles (e.g. local versus airplane cargo-shipped food), fair trade (e.g. coffee) and

animal friendliness (e.g. free-range eggs and poultry) have become prominent in

debates about the integrity of food and food chains and have even managed to

make their way to product labels.

Many studies show that consumers increasingly value ethical aspects in food

products; they are increasingly open to receiving information about the impact

of production processes on agro-ecological and environmental conditions.

Nevertheless, market shares of food products with ethical qualities remain rela-

tively small in most cases, but these shares are growing. Potential explanations

for the differences between individuals' pro-ethics attitudes as citizens and their

marketplace behaviour as consumers have been found in many different factors

such as low perceived consumer effectiveness (i.e. low beliefs that one's

behaviour can effectively contribute to solving ethical problems), low perceived

availability of products with ethical quality, social norms or influences from the

social environment and peers, and obviously also price differences and related

price perceptions and limited willingness-to-pay (Vermeir and Verbeke, 2006,

2008).

The citizen-consumer duality was investigated as part of a 2008 pork

consumer survey including 1931 citizens from Belgium, Denmark, Germany and

Poland (Krystallis et al., 2009; Verbeke et al., 2010). Apart from a majority

segment with weak attitudes towards pig production systems, three small but

distinct segments were identified: one with stronger preferences for small-scale

pig farming, one with stronger attitudes relating to environmental issues

associated with pig production, and one with stronger attitudes towards animal

welfare in pig production (Krystallis et al., 2009). Interestingly, only weak

relationships could be identified between the segments based on citizen attitudes

towards pig farming and segments based on consumer behaviour, namely pork

choices and pork consumption frequency. The identified citizen attitudes

towards pig production (more so than their interest in specific pork attributes)

can be expected to shape individuals' opinions and expectations with respect to

the integrity of pork supply chains on these emerging dimensions that clearly

extend beyond intrinsic product quality and safety.

16.6 Conclusions

Communication is crucial throughout food chains in order for food producers

and related stakeholders in food supply chains to reassure citizens and con-

sumers of the wholesomeness of their foods, to gain public support for their

activities, and to maintain a favourable competitive position vis-aÁ-vis other

global suppliers. Communicating effectively and efficiently requires a good
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understanding of how consumers define and perceive the concerned foods, and

how they feel and what they believe relative to the production processes

involved. People are not all alike. Therefore, the existence of multiple citizen

and consumer segments with different interests, as well as the citizen-consumer

duality and the factors that determine the gap between attitudes and behaviour

have to be taken into account. In general, European consumers' perceptions of

food safety were found to be quite positive, and a relatively high degree of trust

and confidence in the food that is available on the European market has been

reported. Nevertheless, consumers are open to receiving more easily accessible

information and additional reassurance with respect to the intrinsic as well

extrinsic quality of the food they consume. Easily recognisable labels signalling

desired qualities backed up by trustworthy traceability systems are expected to

continue playing an important role in future communications about food and

food chain integrity.
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17.1 Food safety regulation, trust and traceability

The number of food scares and controversies in recent years has left consumers

confused about exactly what is and is not safe and uncertain as to whether or

not the government is acting in their best interests (Davies, 2001). This has

resulted in increasing public distrust and reduced consumer confidence in the

safety of food, the food industry and the government's ability to adequately

regulate, manage and communicate food risks (Cantley, 2004; Caduff and

Bernauer, 2006; Halkier and Holm, 2006). Consequently, government oversight

of food safety has undergone profound reform in many countries with the

establishment of independent food safety agencies. These reforms have

17
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responded to increasing demands for a more transparent and inclusive process

of food safety governance (Vos, 2000; Flynn et al., 2004; Ansell and Vogel,

2006).

The outbreak of the bovine spongiform encephalopathy (BSE) crisis in 1996

in the United Kingdom (UK) and later in the European Union (EU) clearly

revealed significant dysfunctions both in industry practices and their supervision

by governments, undermining general public trust in food safety governance

(Borraz, 2007; Vos, 2000). The institutional failures put pressure on the

European Commission to expand its scope of influence in regulating food safety

across the EU (Caduff and Bernauer, 2006). It also forced the Commission to

present a more coherent approach to food safety based on principles of

separation of risk assessment and risk management; i.e. the separation of the

responsibility for legislation, scientific advice and inspection, which leads to

greater transparency and information throughout the decision-making process

and inspection (Vos, 2000).

The private sector, for its part, has responded to consumer demand for

effective food safety controls with the development of a technologically

sophisticated and organisationally complex range of approaches to improving

product safety and quality standards (Garcia Martinez et al., 2007). These are

becoming a prominent driving force for agri-food systems in many countries

(Henson and Hooker, 2001; Henson and Reardon, 2005; Fulponi, 2006;

Havinga, 2006). As supply chains become more global, so do private standards.

For global retailers with a multitude of suppliers scattered globally, private

schemes like GlobalGAP1 have become a key means to manage procurement

costs and to ensure the integrity of their supply chains.

17.2 Initiatives to restore consumer confidence

Producers and regulatory institutions in the EU have attempted to restore

consumer confidence in policy making and industry practices by introducing

food and food ingredient traceability systems. Under the framework of the

General Food Law, Regulation (EC) 178/2002 has set new standards to ensure

stricter implementation of traceability in food and feed chains by enforcing

mandatory traceability of food and food ingredients as of 1 January 2005. The

regulatory requirements necessitate all food and feed business operators to be

able to identify the source of all foods and ingredients and to provide the basis

for further monitoring throughout supply chains. Traceability systems and sub-

sequent quality and origin labelling schemes are expected to increase trans-

parency throughout the food chain and to result in the development and

maintenance of consumer trust in food and food producers (Van Rijswijk et al.,

1. GlobalGAP is a private-sector body that sets voluntary standards for the certification of
production processes of agricultural (including aquaculture) products around the globe.
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2008). Quality signalling can transform credence attributes2 into search attri-

butes and strengthen consumer trust, allowing the reduction of consumer

perceived risk towards food quality and safety, and of information asymmetry

between consumers and producers (Mojduszka and Caswell, 2000). Research

shows that labelling of meat safety and quality attributes can positively

influence consumer perceptions of meat products (Bredahl, 2004; Loureiro and

Umberger, 2007).

Consumers across Europe, however, have divergent associations, perceptions

and expectations regarding traceability (Giraud and Halawany, 2006; van Rijswijk

and Frewer, 2008; Van Rijswijk et al., 2008). Cultural values influence consumer

food decision making (Briley et al., 2000; Hoogland et al., 2005), so expectations

and attitudes towards food safety issues and risk management may vary depending

on consumers' cultural backgrounds (Houghton et al., 2008; Van Kleef et al.,

2006). Giraud and Halawany (2006) show that consumers do not fully understand

traceability systems; however, they are able to indicate what benefits are expected

from these systems. Product origin is the first thing consumers have in mind when

asked to define traceability. Consumer research has also linked consumer

perceptions of traceability to safety issues like the BSE crises (Latouche et al.,

1998) and dioxin contamination of the food chain (Verbeke, 2001) as well as the

acceptance of GMO foods and ingredients (Miles et al., 2005). van Rijswijk et al.

(2008) study on consumer perceptions of traceability in Europe shows similarities

across countries regarding the benefits consumers associate with traceability (i.e.,

health, quality, safety and control). Cross-country differences were also identified.

German consumers are more sensitive about the processing conditions, while

French consumers care more about origin and give a higher importance to past

product experience such as taste. Spanish consumers perceive a high quality

product as a sign of trust and Italian consumers are more sensitive to safety

conditions. In other words, consumers' background would highly affect their

attitude towards traceability-related attributes.

In the United States (US), consumer interest in food traceability has increased

after recent food safety incidents such as the discovery of BSE in 2003 and the

case of E.coli contaminated spinach in 2006 (by the time the outbreak was over,

204 people had become ill across 26 States and Canada, 104 had been

hospitalised, 31 had developed the serious complication of hemolytic-uremic

syndrome (HUS), and 3 had died). The California leafy-green industry required

traceability in its marketing agreement less than a year after the discovery of E.

coli in 2006 (Calvin, 2007). In March 2009, the President's Food Safety

Working Group recommended a new national traceback and response system to

deliver food safety alerts to consumers.3 However, progress in the

2. Credence characteristics of a product (i.e., food safety, animal welfare, organic production)
cannot be observed or inferred by direct inspection, on consumption or even after consumption,
whereas search characteristics (i.e., appearance or size) can be known to consumers prior to
purchase (Darby and Karni, 1973).

3. http://www.foodsafetyworkinggroup.gov/ContentKeyFindings/HomeKeyFindings.htm
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implementation of traceability systems has been slow; for instance the adoption

of the National Animal Identification System (NAIS) has encountered numerous

obstacles since it was first proposed and currently the system is ineffective as a

result of low participation (Anderson, 2010). The lack of interest by some

industries and government may stem from the lack of knowledge about the

effects of traceability on consumers' welfare and on firms' profits (Pouliot,

2010).

Traceability systems have evolved differently across sectors and countries

depending upon direct market pressures. In Australia, a previously voluntary

system for national livestock identification (NILS) became mandatory in 2005 in

an attempt to maintain competitive advantage in export markets (Synergies,

2004). In Canada, in 2002 after the verification of some BSE cases, the

Canadian Cattle Identification Agency introduced a mandatory national cattle

identification system for a short time, only ten months, aimed at facilitating the

retracting of meat products in the event of food safety problems (Carlberg,

2010). Likewise, in major exporting countries like Argentina and Uruguay,

traceable systems have become mandatory in order to comply with export

international rules (Mathews and Vandeveer, 2007).

Most traceability systems involve a combination of mandatory and voluntary

standards or quality assurances. In most cases, the mandatory government-

driven programme covers the traceability of animals from origin to

slaughterhouses. Further tracing from processor to consumer is usually governed

by industry groups, and is usually independently audited and associated with

production standards of interest to consumers, such as animal welfare, animal

feed and environmental management (Trautman et al., 2008).

17.3 Translation of techniques into labels

Consumer interest in traceability information cannot be taken for granted

(Hobbs et al., 2005; Verbeke and Ward, 2006). Consumers have little technical

understanding of what traceability is (Giraud and Amblard, 2003) and are not

particularly interested in cues directly related to traceability and product

identification, despite uncertainty following a number of meat safety crises

(Giraud and Halawany, 2006; Verbeke and Ward, 2006; Verbeke et al., 2002).

Direct indications of traceability (e.g. bar codes and licence numbers) and the

provision of technical information associated with it are unlikely to increase

consumer confidence given the low quality or safety inference potential of such

information cues (Verbeke et al., 2007). Conversely, quality labels and safety

guarantees are much more valued by consumers. Hence, the presentation of

simpler information on traceability systems accompanied by labels (quality and

safety related) would increase the probability of traceability being valued by

consumers (Verbeke et al., 2007; Van Rijswijk et al., 2008). Indeed traceability

could be used to back up product claims such as origin and quality labelling

(Verbeke and Ward, 2006) for which some consumers show higher willingness
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to pay (Skuras and Vakrou, 2000; Krystallis and Chryssochoidis, 2005; Batte et

al., 2007). Traceability provides the history of a product and is a precaution

against fraud (i.e., labelling conventional products as organic) and a quality

signal to consumers (Smyth and Phillips, 2002).

Evidence supporting a price premium and the intrinsic added value of

traceability for consumers is uncertain (Trautman et al., 2008). Consumers tend

to associate traceability with higher product prices (Giraud and Halawany, 2006)

and often state that they would be willing to pay more for safer food; however,

actual buying decisions show that it is economic convenience that most affects

purchasing decisions rather than safety or traceability information on the label of

a product (Meuwissen et al., 2003). Loureiro and Umberger (2007) calculated

that US consumers were willing to pay a price premium of up to 38% for `US

certified steak' and even up to 58% for `US certified hamburger'. Hobbs et al.

(2005) suggest that Canadian consumers consider traceability to be an important

system to guarantee food safety, especially if associated with other quality

assurances, but results show that traceability does not reduce the information

asymmetry between producer and consumer with respect to quality attributes.

Dickinson and Bailey (2005) found that consumers in the US, Canada, Britain

and Japan were ready to pay a nontrivial price for red meat traceability. The

willingness to pay (WTP) rises further for traceability provided characteristics

(e.g. additional meat safety and humane animal treatment guarantees).

Conversely, despite the importance of food safety to Spanish consumers, the

majority (73%) are not willing to pay a price premium for traceable beef

(Angulo and Gil, 2007). Traceability alone plays a very small role in Spanish

consumer choices compared to products labelled with a Protected Designation of

Origin (PDO) label linked to a particular region with a reputation for food safety

or food quality.

17.4 Communicating traceability information to consumers

The potential scope of economic benefits of traceability systems would not be

realised unless consumers become aware of and are influenced by a traceability

system. However, communication efforts aimed at increasing consumer aware-

ness and meaning of beef traceability have failed to evoke active information

search by consumers (Verbeke et al., 2002) reinforcing already established

evidence that consumers are not really interested in traceability cues on beef

labels (Verbeke and Ward, 2006).

Traceability is needed as the regulatory and logistic backbone for providing

guarantees related to origin and quality and its role in restoring consumer

confidence in food chains would be through the general benefits consumers

perceive associated with food purchases in general, such as origin and quality

labels (Van Rijswijk et al., 2008). Hence, communicating the importance of

traceability to consumers should be in terms of its benefits in relation to health,

safety, quality control, origin, organic production, animal welfare, carbon
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footprint, child labour, benefits for local businesses and fair trade; in other words

issues relating to food chain integrity about which consumers are concerned or

interested in (Gregory, 2000). Research highlights the importance of cultural

context regarding the impact of potential risk communication strategies (van

Dijk et al., 2008). Appropriate market segmentation and targeting are key

success factors for food labelling and information provision programmes

(Verbeke, 2005). A generic approach through the provision of vast amounts of

information to the general public stands the risk of information overload leading

to confusion and lack of interest among the majority of consumers (Petty and

Cacioppo, 1996). Hence, specific cultural characteristics may determine the

need to adapt risk communication strategies to cross-country variations. This

finding is particularly relevant within the EU context where the establishment of

the European Food Safety Authority (EFSA) would lead to a standardised pan-

European approach to risk communication. van Dijk et al. (2008) cross-country

study shows that while communication of uncertainty had a positive impact in

Germany, the same information had a negative impact in the UK and Norway.

UK consumers have been found to be more sceptical about the efficiency of risk

assessment practices compared to Germany and Greece (Van Kleef et al., 2009).

Cultural differences were also found in the perceived quality of food risk

management associated with different hazards (van Dijk et al., 2008). The

evaluation of risk management of mycotoxins was rated the highest in all

countries, while the risk management of pesticide residues and GM potatoes

differed among countries.

17.5 Conclusions

Consumers consider food traceability to be an important tool for improving food

safety. Although consumers show little understanding of the mechanism

underpinning food traceability, they appreciate its potential to improve food

safety as well as to promote consumer protection. It is important therefore to

develop effective communication strategies to inform consumers about the

benefits traceability systems can provide in addressing their concerns if

consumer trust in food safety monitoring systems is to be developed and

maintained (Kher et al., 2010).
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18.1 Globalization impacts on the food supply chain

Food has never been as safe as it is today, yet it has also never been at greater

risk. Not only can the rapid transport of ingredients and products across the

globe spread hazards quickly, contaminated food can affect many more people

because of large production units. In addition, the globalization of news (TV,

internet, etc.) can instantly spread the `bad' press, which can have detrimental

economic consequences, even for large food producers.

The globalization of food supply and increasingly long and complex supply

chains has been a key driver in the establishment of the Global Food Safety

18
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Initiative (GFSI) by global manufacturers. The GFSI has set requirements for

food safety schemes through a benchmarking process in order to improve cost

efficiency throughout the food supply chain. Its origin was in 2000, when The

Consumer Goods Forum was founded in Europe by major global retailers and

food manufacturers (e.g. Wal-Mart, Carrefour, Tesco, Metro Group, Kraft, etc.)

in order to seek a solution that would reduce certification redundancy. The

forum has harmonized standards to ensure competing programmes deliver the

same basic requirements.

Under the auspices of the GFSI, several interchangeable schemes exist, such

as the Food Safety Management Systems (ISO 22000), Synergy 22000, and the

International Food Standard. Each of the schemes promotes documentation that

guides manufacturers to implement and manage an effective food quality and

safety program. These systems support upstream and downstream supply chains

that often span the globe.

18.2 Broader understanding of food integrity

The term integrity (besides its meaning in ethics) typically refers to being whole,

entire, or undiminished. A definition of integrity for the food supply chain might

be the requirement that the system performs its intended function in an unim-

paired manner free from deliberate or inadvertent manipulation (Anon. 1995).

This analogy is borrowed from computer networks such as the World Wide Web.

The wide range and scope of the chapters presented in this book show that

`food chain integrity' is multi-disciplinary, covering all aspects of the food chain

from producers to consumers. The current definition includes microbial and

chemical food safety, authenticity of origin, fraud and quality. However, the

definition will certainly be expanded, as future consumers will demand food that

is not only safe, healthy and tasty, but also, amongst others, produced in a way

that minimizes the impact on the environment, is sustainable in nature, is

certified in origin and variety, minimizes the carbon footprint, is considerate of

animal welfare, free of child labour, favours trade with developing countries,

and so on. This trend is already visible in the industrialized world.

Food producers thus face the tough challenge of living up to these demands,

and at the same time producing food that is cheap, safe, good quality and supplies

the fast-growing population on the earth. In this regard, the technological

solutions described in the book chapters, most of it financed by the European

Union, can provide valuable tools for ensuring food chain integrity.

18.3 Closing the EU gaps in traceability

In its effort to assure food chain integrity, the European Union has taken steps to

increase traceability by funding a number of research projects. Despite this,

many knowledge gaps remain. In the General Food Law (EC Regulation no.
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178/2002), product tracing is defined as `The ability to trace and follow a food,

feed, food-producing animal or substance intended to be, or expected to be

incorporated into a food or feed, through all stages of production, processing and

distribution' meaning `any stage, including import'.

The legal framework for product tracing in the EU requires food and feed

businesses, as of 1 January 2005, to identify one step backwards from whom and

one step forwards to whom a food or food-producing animal or any substance

intended to be incorporated into a food or feed has been supplied. The EU

legislation does not, however, require whole food chain tracing or internal

product tracing, that is, the matching up of all inputs to outputs, which is a

feature of international and commercial standards (Campden BRI 2009).

Guaranteeing the authenticity, geographical origin, traceability and safety of

foods requires new diagnostic tools and implementation of new information

systems.

18.4 Future traceability solutions

A food product is a combination of many components that all need to be

controlled along the entire food chain. Each of them is potentially the subject of

voluntary or involuntary contamination, tampering, cheating or spoilage, and

thus could represent a hazard to consumers. Supply chains embracing global

markets of finished products require extensive handling of commodities,

ingredients, components and finished food products by a large number of people

before reaching the final consumer. Another factor causing an increased hazard

is the increasing popularity of ready-to-eat foods which undergo minimal

processing therefore maintaining the required level of freshness and taste

without reducing the complexity of the ingredients' supply chain. In all these

cases, the potentially increased hazard can only be reduced to a minimum if the

entire food chain is controlled. Independent control by each food chain player is

not sufficient and not cost-effective: the entire food chain needs to be goverened

with advanced tools.

Control of production along the food chain can be exerted if each element of

the full product chain can be identified. Identification is therefore a necessary

component that allows differentiation of a single element from the others and so

influences the potential need for intervention to re-establish the desired safety or

quality level after an incident.

Currently, the concept of `lot' is used as the identification unit. However, the

`lot', as a minimum group of homogeneously manufactured products, is a

relative concept that changes with different food chain players and with different

product chains. The larger the `lot' is, the less complex are the controls and the

more cost-intensive is a product recall. A new concept of `lot' is being discussed

which could base its definition on a homogeneous risk level. The new challenge

would be to reduce the size of a lot, but this needs a substantial re-thinking of

current product handling and traceability tools.
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Traceability is one of the most powerful instruments for guaranteeing food

chain integrity as well as reducing the withdrawal cost of a product. The speed

of the response and the reliability of information are key elements in any

solution to traceability. Real-time detection of critical contaminants at different

levels along the food chain is an essential component of traceability systems. All

these elements lead to moving from manually operated and paper-based trace-

ability to automated ICT-enabled and empowered traceability using

mathematical modelling and source level inferences.

Basic traceability is a consumer requirement for which companies are not

always willing to pay. Extended traceability that incorporates the ability to

trace other components such as quality, safety and non-tangible attributes (e.g.

origin, methods of production, food miles) could become a business

opportunity for the food chain companies while fulfilling social requirements.

The ability to collect relevant information from the food chain and use it to

ensure product quality in real-time provides tangible benefits to the food

industry.

The incorporation of many components into food chain traceability systems

would highlight a development of the food chain infrastructures from basic

traceability towards food chain e-platforms applying collaborative supply chain

management principles, which is the eventual requirement for lasting food chain

integrity.

The future directions for traceability are:

· Adoption by industry of the technical solutions already developed by the

research community (see Chapters 1, 3, 8 and 14). Particular challenges

remain for food SMEs where the cost of adoption of the new technologies

may be prohibitive.

· Increasing regulation, in part reflecting the technical solutions now available.

It is recognized that the traceability requirements of EU 178/2002 were a first

attempt to introduce regulatory requirements for traceability within the

European Union. One key future consideration is how feasible it is to adopt

internal traceability as a regulatory requirement across all sectors of the food

industry.

· Harmonization of approaches and protocols for traceability systems. One of

the key messages from the many studies presented in this book is that for full

chain integrity, information must flow with the product as it passes through

different ownership along the food chain. For this to work successfully,

harmonization of approaches and specifically the protocols for information

storage and retrieval are essential.

· Environmental and sustainability issues including the drive to reduce `food

miles' and carbon footprint will influence food chains, perhaps by reducing

the length of chains. To fully quantify food miles and carbon footprint for

food products, accurate information is required on the actual total food/feed

chain associated with the product.

· Further increase in interest by consumers in food traceability issues will drive
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the further development of web- and mobile phone-based applications used

by consumers to access traceability information.

· Increased focus on full feed/food chain analysis will help drive the adoption

of objective risk ranking approaches to hazards in the food chain, which in

turn will require the further development and adoption of real-time sensors

for detection of hazards. This will need to be coupled with better statistical

process control techniques to adequately manage and control hazards in the

food chain.

· Mathematical modelling will not only be for tracing forward in the food chain,

but also tracking back to identify sources of contamination, and therefore

facilitate more targeted actions and more rapid responses (see Chapter 2).

18.5 Future food safety solutions

Over the decades, food safety issues change. During the 1960s the focus was on

chemicals, the 1980s saw the emergence of listeria and VTEC as foodborne

pathogens, while the 1990s was focused on BSE and other food safety scares.

This was the backdrop to the emergence of `traceability' in the food chain in the

late 1990s and early 21st century.

Future trends that will facilitate food safety include:

· Functional genomics: the developments in genomics, proteomics,

transcriptomics, etc., have generated a very large amount of data. To extract

the maximum information from this data, expertise in bioinformatics and

functional genomics is needed.

· Microbial quantification: with advances in detection technologies,

particularly molecular methods, leading to possibilities of improved typing

and quantification, and improvements in statistically based sampling

methods, better data will be available for mathematical modelling (Hoorfar

et al., 2011).

· Nanotechnology and its potential uses in smart packaging, sensors and

traceability is currently in its infancy from an applications point of view.

Future trends will likely see wider applications of such technology.

· Risk informed decision making: a systems approach to risk-based assessment,

agent-based modelling, decision-making tools, better communication and

risk-informed decision making will facilitate traceability.

A major risk with these approaches that must be guarded against is

`information overload'. Too much information, possibly even some conflicting

data, could lead to even greater difficulty in decision making, resulting in

`decision paralysis'. Whatever the advances in traceability, detection methods,

modelling or information technology, it is clear that they must be `user friendly'

so that they have a broad application and result in improved food safety.

However, despite these advances, humans will still make errors ± deliberate or

otherwise; reduction of these errors is paramount.
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ALCUE-FOOD

From European fork to Latin American farm: an innovative networking

platform for EU-LAC partnerships in food quality and safety R&D

www.inta.gov.ar/alcuefood/

Further to the Rio summit, the bi-regional scientific and technological (S&T)

dialogue between Latin American and Caribbean (LAC) countries and the EU's

Members States (ALCUE) successfully highlighted opportunities in areas of co-

operation and provided a concrete outline of issues to be addressed in the

agrifood area. Based on the recommendations of this dialogue, this proposal

focused on the implementation of a `networking platform' to promote and

enhance S&T co-operation in `Food Quality and Safety'. Considering the role of

agriculture and agrifood in the Southern Cone Countries, the importance of

agricultural products trade to the EU, the presence of recognized research groups

and the bilateral EU agreements in S&T, the networking platform was

implemented and focused its activities in this area. Nevertheless, the

dissemination of outputs was addressed to all LAC countries. The ALCUE-

FOOD project proposed a `European fork to Latin American farm' approach, to:

· meet EU safety and quality requirements

· develop safer food and feed chain production

· provide high-quality and health-enhancing foods.

Promoting in LAC countries a `total food chain approach' for EU exported

products will subsequently contribute to improving the welfare of Latin

American populations and must be considered as an important impact in terms

of co-operation and mutual benefit. The main expected results were:

· implementation of R&D bi-regional groups of scientists

· organization of an innovative and global information system

· proposal of new relevant R&D topics based on analysis of social demand and

productive sector needs

· synergy between the R&D national policies and those of the European

Commission.

The implementation of the networking platform necessarily promoted dialogue

between and within the two regions, with implications for national and regional

policies. It contributed to strengthening the food quality and safety priority and

internationalizing the European Research Area.
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ALCUE-FOOD partners

Argentina

Secretariat for Science, Technology

and Productive Innovation

Instituto Nacional de TecnologõÂa

Agropecuaria

Coordinadora de las Industrias de

Productos Alimenticios

Belgium

Universiteit Gent

Brazil

Brazilian Agricultural Research

Corporation

Chambre de Commerce France-BreÂsil

Chile

FundacioÂn Chile

OrganizacioÂn Internacional de

Asociaciones de Consumidores

France

Centre de CoopeÂration Internationale

en Recherche Agronomique pour

le DeÂveloppement

Portugal

Instituto de Biologia Experimental e

TecnoloÂgica

Uruguay

AsociacioÂn de las Universidades del

Grupo de Montevideo
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BIOTOX

Development of cost-effective tools for risk management and traceability

systems for marine biotoxins in seafood

The general objectives of the BIOTOX project were:

· development and validation of a confirmatory analytical method for the

detection of lipophilic toxins in shellfish, and of robust, rapid and cost-

effective assays that cover all lipophilic shellfish toxins mentioned in the EU

legislation and to enable a phasing out of all animal tests currently applied in

this field

· development of advanced early warning tools for the detection of shellfish

toxins in seawater and algae

· development of decontamination methods for toxic shellfish

· implementation of the developed methods in adequate hazard analysis and

critical control point (HACCP) control and verification procedures in Europe

for the monitoring, depuration and traceability of biotoxins, and advice on the

harmonization of these procedures in European member states.

With respect to the last objective:

A review of `European Shellfish producing countries and EU Food Safety

legislation on monitoring and control of bivalves' has been produced and an

overview of industry practice on shellfish toxin control by industry case studies

has been given. Recommendations were made to national and community

authorities. These authorities should take the responsibility in mentoring Food

Business Operators (FBOs) to help fill the gaps in scientific and technological

knowledge where this is needed, and to make official control data more

accessible on the web.
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BIOTOX partners

Belgium

Scientific Institute of Public Health

France

Institut FrancËais De Recherche Pour

L'Exploitation De La Mer

Ireland

Oyster Creek Seafoods Limited

National University of Ireland

Marine Institute

Italy

University of Modena

The Netherlands

Rikilt Institute of Food Safety

Institute for Marine Resources and

Ecosystem Studies

Norway

Biosense Laboratories AS

The Norwegian School of Veterinary

Science

National Veterinary Institute
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BIOTRACER

Improved biotraceability of unintended micro-organisms and their

substances in food and feed chains

www.biotracer.org

The BIOTRACER consortium included Europe's largest food/feed industries,

several SMEs, relevant international co-operation (INCO) countries, experts in

predictive microbiology, database developers, software companies, risk

assessors, risk managers, system biologists, food and molecular microbiologists,

legislative officers, standardization and validation members and food retailers.

The strategic objective was to improve traceability of micro-organisms

(biotraceability) contaminating the food/feed chain (including bottled water),

whether accidental or deliberate. Using a total food chain approach, and

integrating novel genomic and metabolimic data combined with a better

understanding of the physiology of the micro-organisms, and advances in

predictive food-based microbiological models, progress has been made towards

reducing food safety risks.

The outputs of BIOTRACER include:

· improved detection methods for Salmonella, Clostridium botulinum BoNT

genes, norovirus

· development of modelling methodology to include source level inference

· domain models for Salmonella in the pork chain and S. aureus in the milk

chain

· better understanding of the physiology of Listeria, Salmonella, S. aureus and

Campylobacter in the relevant food chains

· a greater understanding of contamination (Salmonella and mycotoxins) in the

feed chain.

The results of the project have been published in more than 100 scientific

journal articles and many interactions with industry and regulatory authorities.

All of this will help ensure a more reliable and rapid response to a contamination

event in the food chain.

BIOTRACER partners

Austria
University of Veterinary Medicine

Vienna

Belgium
Nutrition Sciences N.V.
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Brazil
Brazilian Agricultural Research

Corporation

Czech Republic
Institute of Chemical Technology

Prague

Denmark
National Food Institute ± Technical

University of Denmark
Faculty of Life Sciences ± University

of Copenhagen
ilochip A/S
HUGIN Expert Ltd
Danish Meat Research Institute
State Serum Institute

Finland
University of Helsinki

France
France Agency for Food Safety
Centre National Interprofessionnel de

l'EÂ conomie LaitieÁre

Germany
Free University of Berlin
University of Regensburg
Technical University of Munich
Federal Institute for Risk Assessment

Greece
Agricultural University of Athens

Indonesia
Gadjah Mada University

Ireland
Glantreo Ltd
TEAGASC

Italy
Italian National Institute of Health
COOP Italia

Lithuania
Lithuanian Veterinary Academy
Joint Stock Company Agaras

Netherlands
Agrotechnology and Food

Innovations B.V.
Check-Points Ltd
RIKILT Institute of Food Safety
National Institute of Public Health

and Environment
VION Fresh Meat West

Norway
Norwegian Food Research Institute

Romania
`DunaÏrea de Jos' University of GalatËi

Russian Federation
A.N. Bakh Institute of Biochemistry

Slovakia
Food Research Institute

Slovenia
University of Ljubljana

South Africa
Microchem
University of Johannesburg

Spain
Valencian Institute for Agricultural

Research

Sweden
Lund University
Prevas Ltd
National Veterinary Institute
Swedish Feed

Switzerland
University of Bern
SmartGene Services Ltd
NESTEC, NestleÂ Research Centre

United Kingdom
University of Manchester
London School of Hygiene and

Tropical Medicine
Institute of Food Research
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CHILL-ON

Developing and integrating novel technologies to improve safety,

transparency and quality assurance of the chilled/frozen food supply chain

www.chill-on.com

The consumption of chilled and frozen food products within Europe is growing

above average (growth rates >10%) due to changes in society whereas food

safety and control are of great concern for consumers. With 11 million tons

consumed per year, the European Union is the second largest market for chilled

and frozen food products. The reinforcement of confidence in chilled food

products, especially regarding supply-chain aspects, is of high priority for all

involved in food manufacturing, trade, logistics and distribution, especially as

Directive 178/2002/EC on General Food Law required traceability to be

established at all stages of the food chain from January 2005. This Directive

forces the introduction of community controls of the treatment of agricultural

products and foodstuffs. More than 70% of food products are traded

internationally which makes the food supply chain very complex with regard

to quality and safety management. Before the project started, there were no

integrated concepts available for the chilled and frozen food chain which

allowed both the complete and continuous monitoring of food safety and quality

(together with environmental concerns) and the traceability of the entire supply

chain. The pro-active and integrated approach of the CHILL-ON project,

implemented in-depth research for each step of the chilled/frozen supply chain.

This included reviewing state-of-the-art technologies, development of new

technological concepts, their validation and potential scale up with focus on

monitoring managing and tracing the entire supply chain by a newly developed

system called eCHILL-ON. As fish is in third place in the European food market

and is one of the most sensitive goods with regard to food poisoning, the chilled

and frozen fish supply chain was selected to be the test case in this IP. The

proposed integrated CHILL-ON concept will result in the 2020s generation of

the frozen/chilled food supply chain.
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CHILL-ON partners

Brazil

FundacËaÄo Universidade Federal do

Rio Grande

Seara Cargill S.A.

Companhia Minuano de Alimentos

Chile

FundacioÂn Chile

China

Chinese Agricultural University

Beijing Beishui Food Industry Co.

Ltd

Germany

ttz Bremerhaven, Verein zur

FoÈrderung des Technologie-

Transfers an der Hochschule

Bremerhaven e.V.

Rheinische Friedrich-Wilhelms-

UniversitaÈt Bonn

Q-Bioanalytic GmbH

Greece

Research Laboratories Ltd

Iceland

MatõÂs ohf.

University of Iceland

Israel

Afcon Software and Electronics Ltd

Motorola Israel Ltd

OSM-DAN Ltd

Technion ± Israel Institute of

Technology

Italy

ActValue Consulting & Solutions

S.R.L.

University of Parma

The Netherlands

Chainfood B.V.

Spain

Instituto TechnoloÂgico del Embalaje,

Transporte y LogõÂstica

Switzerland

Freshpoint Quality Assurance Ltd

United Kingdom

Wessex Institute of Technology

University of Kent

Research Relay Ltd

Traceall Ltd
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CO-EXTRA

GM and non-GM supply chains: their CO-EXistence and TRAceability

Co-Extra has been studying biological containment methods and pollen flow

dissemination, in particular over long distance on fragmented landscape. Co-

Extra noted that companies are using a contractual threshold (between 0.1 and

0.01%) largely below the 0.9% European labelling threshold. It can be explained

by the sampling and measurement uncertainties as well as a safety margin kept by

companies for further admixtures. Several tools to detect unapproved genetically

modified organisms (GMOs) have been produced. They range from a day-to-day

cost-effective method to highly refined and costly methods depending on the aim

of detection. Apparatus and chemistries used in quantitative real-time polymerase

chains reactions (QRT-PCRs) show that all technologies provide equally accurate

results. The most cost- and time-effective can thus be chosen. The taxa reference

systems are still inappropriate in several cases, including some already validated.

Harmonization of taxa identification and quantification is still required and core

collections of taxa should be established. Several sampling plans were assessed

for both fields and shipments. Information structure, content and flow

management for ensuring reliable and cost-effective documentary traceability

has been studied all along supply chains.

Co-Extra surveyed GMO-related legal regimes and practices that exist in and

beyond the EU with an important work on liability regimes applicable in supply

chains. Co-Extra developed decision-support modules integrating tools,

methods, models and guidelines needed to deal with the coexistence and

traceability issues. Stakeholders have been involved in the project. Surveys and

analyses of consumers' attitudes and opinions were made. Results were

presented to different EC Directorate General and European Network of GMO

Laboratories. A book on coexistence and traceability of GM and non-GM supply

chains is currently in preparation.

COEXTRA partners

European Commission
Joint Research Centre

Argentina
Instituto Nacional de TecnologõÂa

Agropecuaria

Austria
European Centre of Tort and

Insurance Law

Belgium
Centre Wallon de Recherches

Agronomiques
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The Institute for Agricultural and
Fisheries Research ± Technology &
Food Unit

Eppendorf Array Technologies SA
Flanders Interuniversity Institute for

Biotechnology
Hogeschool Gent ± Department of

Biotechnological Sciences
Scientific Institute of Public Health

Brazil
Instituto de Tecnologia do ParanaÂ
Faculdades Integradas do Brasil

Bulgaria
AgroBioInstitute

Denmark
Danish Institute of Food and Resource

Economics

France
ADRIANT
ARVALIS ± Institut du VeÂgeÂtal
Centre National de la Recherche

Scientifique
Centre Technique Interprofessionnel

des OleÂagineux MeÂtropolitains
Groupe d'InteÂreÃt Public ± Groupe

d'Etude et de controÃle des VarieÂteÂs
et des Semences

Institut National de la Recherche
Agronomique

INRA Transfert
Service Commun des Laboratoires du

MINEFI ± Laboratoire de
Strasbourg

Germany
Bundesinstitut fuÈr Risikkobewertung
Julius Kuehn Institute
Fraunhofer Gesellschaft zur Forderung

der Angewandten Forschung ±
Institute for Process Engineering &
Packaging

GeneScan Analytics GmbH
Genius ± Biotech GmBH
Max Planck Society for the

Advancement of Science
Weihenstephan-Triesdorf University of

Applied Sciences

Greece
National Hellenic Research

Foundation

Italy
Centro Ricerche Produzioni Animali

SpA
Istituto Superiore di SaÁnita
University of Parma

The Netherlands
RIKILT Institute of Food Safety
Schuttelaar and Partners

Norway
Nofima Mat
National Veterinary Institute

Poland
Warsaw Agricultural University

Russia
Center Bioengineering Russian

Academy of Sciences

Slovenia
Agricultural Institute of Slovenia
Institut `Jozef Stefan'
National Institute of Biology

Spain
Centro de InvestigacioÂn en EconomõÂa

y Desarrollo Agroalimentarios
Consejo Superior de Investigaciones

CientõÂficas

Switzerland
Agro-ProjektManagement
Biolytix AG
Delley Semences et Plantes
Forschungsinstitut fuÈr Biologischen

Landbau
Swiss Federal Institute of Technology

Zurich

United Kingdom
LGC Ltd
Lumora Ltd
Central Science Laboratory Defra
National Institute of Agricultural

Botany
University of Reading
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GTIS CAP

Geotraceability Integrated System for the Common Agricultural Policy

(GTIS CAP)

http://gtis-cap.cra.wallonie.be/

The aim of GTIS CAP was to define and to validate an integrated information

system that would serve both the European and national administrative bodies in

charge of the Common Agricultural Policy and the producers of vegetal produce

for consumers and for livestock. Some aims of GTIS CAP were to complete the

Integrated Administration and Control System/Land Parcel Information System

(IACS/LPIS) data with other data obtained from remote sensing and to define

simple geotraceability indicators aimed at the management, control and

monitoring of the CAP, which could also be used in integrated agricultural

management systems. GTIS CAP aimed to facilitate online access to this geo-

traceability data and ensure greater efficiency in checking and conformity of

good agricultural practices, in line with CAP recommendations. The GTIS CAP

project comprised four different types of work:

1. The evaluation of new functionalities necessary for the integration of geo-

traceability into existing tools and for it to become a CAP management,

follow-up and monitoring tool which will also be useful for producers.

2. Definition of norms and standards that will enable the interoperability of

IACS/LPIS geo-referenced data and functionalities for CAP management,

follow up and monitoring.

3. Definition of simple and easy-to-use geo-indicators provided by satellite

images.

4. Implementation and validation of the integrated system in two test regions in

order to produce after experimentation by producers groups a

recommendation for European and national administrative bodies.
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GTIS-CAP partners

Belgium

Centre Wallon de Recherches

Agronomiques

Centre Interprofessionnel pour la

Gestion en Agriculture

UniversiteÂ de LieÁge

France

ACTA Informatique

CDER

Spot Image
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OTAG

Operational management and geodecisional prototype to track and trace

agricultural production

www.otag-project.org

Specific Support Actions (SSAs) were designed to complement the

implementation of the 6th Framework Programme and were possibly to be

used to help in preparations for future Community research and technological

development policy activities including monitoring and assessment activities

related to food safety and security. They involved conferences, seminars,

improvement studies and prototype implementation analyses, working groups,

expert groups and user groups, operational support and dissemination,

information and communication activities, or a combination of these, as

appropriate. The aim of OTAG was to find a sustainable and easily understood

method to track and trace emerging risks in beef production in the context of

Southern Cone Countries and EU policies.

OTAG focused on improving:

· innovative economically viable mechanisms, methods and geotechnologies,

for recording reliable and accurate data on beef origin and primary

production as well as the environmental conditions of pasture territories and

· putting in place an operational geodecisional system under control

conditions, to track and trace the mobility, provenance and state of beef

cattle using emerging geospatial and geocommunication technologies.

This SSA project was strengthened by European and Canadian knowledge,

existing operational systems and precision geoinformatics tools as well as the

interaction of experts and users groups from Southern Cone Countries, Canada

and EU. This SSA took advantage of previous EU projects on related topics as

well as the actual state-of-the-art to demonstrate by a combination of operational

prototype, dissemination, information and communication activities how the

management of emerging risks in beef production in the context of Southern

Cone Countries and the EU policies can be efficiently supported.
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OTAG partners

Argentina

Programa Cooperativo para el

Desarrollo Agro-alimentario y

Agro-industrial del Cono Sur

Brazil

Brazilian Agricultural Research

Corporation

Canada

UniversiteÂ Laval

France

CIRAD-Agricultural Research for

Development

CEMAGREF-Agricultural and

Environmental Engineering

Research
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PATHOGENCOMBAT

Control and prevention of emerging and future pathogens at cellular and

molecular level throughout the food chain

www.pathogencombat.com

Food safety is of fundamental importance to the European consumer, food

industry and economy. The impact on trade and competitiveness is very

substantial. Despite significant investment the incidence of food derived disease

still increases in the EU. PathogenCombat attacked this pan-European problem

through a holistic, multidisciplinary approach towards threats from new/

emerging pathogens in the entire food chain. A number of advanced platforms

have been explored to investigate the survival and virulence expression of

pathogens in feed and food, and on contact surfaces in the food chain including

the intestinal tract of farm animals. The platforms, several of which were used

for the first time in food safety studies, comprised bioimaging, laser tweezers,

functional mammalian cell models, functional genomics and microarrays. New/

emerging foodborne bacteria, yeast, filamentous fungi and viruses were targeted

in the contexts of milk and dairy products, beef and lamb, poultry, pigs and their

meat products. The key deliverables were:

· food with none or acceptably low levels of pathogens

· new methods to detect and predict the occurrence of viable pathogens and

their virulence in the food chain and at the time of consumption

· control methods to eliminate biofilms based upon hygienic design and

processing

· novel processing technologies to inactivate pathogens

· new probiotic and protective cultures to eliminate pathogens

· pathogen control optimisation throughout the food chain based upon

knowledge of pathogen behaviour

· cost effective food safety management systems

· unified awareness of food safety for the European consumers, food industries

and regulatory agencies.

A distinctive aspect of this project was the facilitation of proactive, preventive,

more coherent, effective and flexible responses to new/emerging pathogens. The

deliverables will be widely exploited by SMEs to produce safe food and improve

the health and well-being of Europeans and the competitiveness of the food

industry.

324 Food chain integrity

ßWoodhead Publishing Limited, 2011

�� �� �� �� ��



PATHOGENCOMBAT partners

Australia

The Australian Food Safety Centre of

Excellence

Belgium

University of Ghent

Cyprus

Pittas Dairy Industries Ltd

Czech Republic

Veterinary Research Institute

Denmark

Bactoforce A/S

Danisco A/S

Technical University of Denmark

University of Copenhagen

France

Agence Francaise de Securite

Sanitaire des Aliments

Institute National de la Recherche

Agronomique

Institut Technique FrancËais des

Fromages

Germany

Bergpracht-Milchwerk Gmbh & Co.

Biomax Informatics AG

CONGEN Biotechnologie GmbH

Max Rubner-Institut ± Federal

Research Institute of Nutrition and

Food

Forschungzentrum Karlsruhe GmbH

GefluÈgelspezialitaÈten Ziegler

University of Stuttgart

Vermicon AG

Greece

Agricultural University of Athens

EBTE Consultants

Hungary

Corvinus University of Budapest

Ireland

Cocker Consulting Ltd

Italy

University of Udine/Torino

Alma Mater Studiorum ± UniversitaÂ

di Bologna

Anidral

Granarolo

The Netherlands

Wageningen University

Slovenia

University of Ljubljana

University of Maribor

Spain

Colear Castilla SocieÂdad Cooperative

Cooperativa Avicola y Ganadera de

Burgos

Jamones Segovia, S.A.

Martinez Loriente, S.A.

Universidad de Burgos

Sweden

Lund University

Swedish University of Agriculture

United Kingdom

The Manchester Metropolitan

University

Scottish Agricultural College
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PROSAFEBEEF

Improving the safety of beef and beef products for the consumer in

production and processing

www.prosafebeef.com

The EU has a strategically important global position in terms of beef. In 2003

the EU-25 region produced 8.06 million tons and consumed 8.32 million tons of

beef and beef products, estimated at ¨75 billion. However, Common

Agricultural Policy (CAP) reform, increased globalization, reduced commodity

prices and an increasingly sophisticated, health-conscious consumer are

motivating the beef-chain to produce beef and beef products that are convenient,

traceable, nutritious and of consistent eating quality.

Alongside these considerations and of paramount importance given the

serious impact of beef health scares, today's consumer demands assurances

about the safety of beef and beef products. The overall objective of ProSafeBeef

is to reduce microbiological and chemical contaminants in beef and beef

products and to enhance quality, choice and diversity in the beef-chain in order

to boost consumer trust and invigorate the industry.

ProSafeBeef will achieve this by deployment of four main instruments

concerned with:

1. Development and application of quantitative risk assessment models to

monitor, trace and reduce microbial/chemical contamination in the beef chain

2. Develop novel control and intervention strategies for microbial pathogens at

key points in the beef chain to maximize the safety of beef and beef products

3. Satisfy consumer demand for diversity and choice and invigorate and add

value to the beef chain by developing innovative processing techniques and

products and

4. Engage with SMEs, expert collaborators from third countries and

international co-operation (INCO) partners with a vested interest in beef

export to assist in delivery of the ProSafeBeef project.

These activities will permit ProSafeBeef to deliver to the beef industry an

innovative toolbox of novel methodologies and practices that will contribute to

the imperative need for a viable European beef chain, operating at a competitive

and sustainable level for its stakeholders while at the same time delivering safe,

high-quality product to its many consumers.
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PROSAFEBEEF partners

Australia
Co-operative Research Centre, Cattle

and Beef Quality Australia

Austria
University of Veterinary Medicine

Austria
International Atomic Energy Agency

Austria
Josef Strobel und Sohne

Belgium
Ghent University

Brazil
Universidad Federale de Sao Paulo
Universidade de Sao Paulo
Microbioticos (SME)

Canada
Canadian Research Institute,

University of Guelph

Denmark
Aarhus School of Business,

University of Aarhus
Danish Meat Research Institute

France
Institut National de la Recherche

Agronomique
Association pour le DeÂveloppement

de l'Institut de la Viande
Union Nationale des Cooperatives

d'Elevage et d'Insemination
Animale

Germany
Institute of Farm Animal Biology

Germany
Greifenfleisch GmbH

Greece
Agricultural University of Athens
Aristotle University of Thessaloniki
Apostolos Papadopoulos & Sia OE
Biofarma Peloponissos AE

Ireland
Teagasc ± The Agriculture and Food

Development Authority
University College Dublin
University College Cork

The Netherlands
RIKILT, Institute of Food Safety

New Zealand
Institute of Environmental Science

and Research Ltd

Norway
Nofima Mat AS, The Norwegian

Food Research Institute
Furuseth Slakteri AS
Prima Jñren AS

Poland
Agricultural University of Poznan,

Institute of Meat Technology
National Veterinary Research

Instituteoland

Serbia & Montenegro
University of Novi Sad

Spain
L'Organizacion de Consumidores y

Usuarios
Institute of Agro-Food Research and

Technology

United Kingdom
Aberystwyth University
University of Bristol
Queen's University Belfast
British Nutrition Foundation
Ensors Abattoir Limited
Celtic Pride Limited

USA
USDA, Western Regional Research

Centre
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SEAFOODPLUS

Health-promoting, safe seafood of high eating quality in a consumer driven

fork-to-farm concept

www.seafoodplus.org

The strategic objective of the SEAFOODplus Integrated Programme was to

reduce health problems and to increase well-being among European consumers by

applying the benefits obtained through consumption of health promoting and safe

seafood products of high eating quality. The relevance of seafood in the diet to

diminish the increasing incidences of, for example, cardiovascular, cancer and

inflammatory diseases was assessed by performing dietary intervention and

epidemiological studies. Other focus areas were the health of young population,

weight reduction, prevention of osteoporosis and alleviation of postpartum

depression observed in women after childbirth. Seafood's importance for

consumer well-being and behaviour was assessed to understand determinants of

consumers' seafood consumption and to adapt seafood products to consumer

demands. The impact of health-related communication strategies on consumer

seafood decision-making also needed assessment. The objectives of the seafood

safety component were to make seafood safe for the consumer, by identifying risk

factors, avoiding risks caused by viral and bacterial contamination, biogenic

amines in seafood and to undertake risk-benefit analysis. The total value chain was

addressed by developing consumer driven tailor-made, functional seafood

products to improve health and to ensure nutritional quality and safety by full

utilization of raw materials from aquaculture and from traditional fisheries. The

aquaculture component studied the effects of dietary modulation, husbandry, fish

physiology, genetics and pre-slaughter conditions. The challenge was to find a

compromise between the trends towards intensive rearing and consumer demand

for healthy, high quality seafood that is ethically acceptable, and has low impact

on the environment. Validated traceability systems were assessed within

SEAFOODplus to make it possible to apply a total chain approach from the

live fish to the consumer product, and to trace back any feature from fork-to-farm.

SEAFOODPLUS partners

Belgium
Association EuropeÂenne des Producteurs

de Mollusques

Canada
AquaNet (UBC)

Denmark
BioMar AS
Danish Institute for Fisheries Research
Danish Veterinary and Food

Administration
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International Organisation for the
Development of Fisheries in Eastern
and Central Europe

Marinova aps
Royal Greenland Seafood A/S
Statens Serum Institut
Aarhus School of Business

Germany
Federal Research Centre for Nutrition and

Food
Friedrich-Schiller-University of Jena

Finland
University of Helsinki

France
CoopeÂrative de Traitement des Produits

de la PeÃche
Ecole Nationale d'IngeÂnieurs des

Techniques des Industries Agricole et
Alimentaires

Institut FrancËais de Recherche pour
l'Exploitation de la Mer

Institut National de la Recherche
Agronomique

MuseÂum National d'Histoire Naturelle
UniversiteÂ de Bretagne Sud ± GIS

PROGEBIO
University of La Rochelle
University of West Brittany

Hungary
Double Delta Kereskedelmi Termelo es

Kutatasfejlestesi Beteti Tarsasag

Iceland
Icelandic Fisheries Laboratories
Landspitali-University Hospital &

University of Iceland
Primex ehf

Ireland
Marine Institute
TEAGASC
University College Cork
University College Dublin

Italy
Istituto Superiore di SanitaÁ

The Netherlands
Academisch Ziekenhuis bij de

Universiteit van Amsterdam
Animal Science Group of Wageningen

UR
Ghent University
Institute for Marine Resources and

Ecosystem Studies
Maastricht University

National Institute of Public Health and
the Environment

Plant Research International
TNO Nutrition and Food Research
Wageningen Centre for Food Sciences
Wageningen University
Zeeland Vis BV

Norway
AGA Halibut AS
Fjord Seafood ASA
Matforsk ± Norwegian Food Research

Institute
Moere Research
Norwegian Institute of Fisheries and

Aquaculture Research
Norwegian University of Science and

Technology
SINTEF Fisheries and Aquaculture
Trace Tracker Marine AS
University of Tromsù

Poland
Fish_Farm Tomasz KroÂl
Institute of Ichthyobiology and

Aquaculture of the Polish Academy of
Sciences

Portugal
National Research Institute on

Agriculture and Fisheries

Spain
Albacora, S.A.
AZTI Fundazioa
Consejo Superior De Investigaciones

CientõÂficas
GEASA, GestioÂn Empresarial Alavesa,

S.A.
Salica Industria Alimentaria, S.A.
Universidad de Santiago de Compostela
Universitat de Barcelona
University of Coruna
University of Navarra

Sweden
Chalmers University of Technology
GoÈteborg University

United Kingdom
Centre for Environment Fisheries and

Aquaculture
EWOS
Institute of Food Research
Johnson Seafarms Ltd
Unilever UK Central Resources Ltd
University of Glasgow
University of St Andrews
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SIGMA�CHAIN

Developing a stakeholders' guide on the vulnerability of food and feed

chains to dangerous agents and substances

www.sigmachain.eu

Sigma�chain was a Specific Targeted Research Project (STREP) with 11

partners from the European Union, Norway and Brazil. With a duration of 36

months (starting on 1 April 2006) and EU funding of ¨2.93 million the project

achieved a critical mass comprising centres of expertise from universities,

research institutes and industry.

The project coordinated by University College Dublin, Ireland, aimed to

develop methodologies to optimize the traceability process with respect to chain

vulnerability to contamination.

Current chain traceability systems were evaluated, including methodologies

for the identification of contaminants. Chain vulnerability varies depending on

chain type, so case studies were conducted on four `high vulnerability' products,

representing three major categories of chains.

The chains are

1. drinking water (i.e. a rapid contamination chain)

2. milk powder (i.e. a batch mixing chain)

3. poultry meat and farmed salmon (i.e. long geographic chains).

Each of these chains were mapped and their vulnerability to contamination

assessed. A Risk Model was developed to provide quantitative risk assessments

of chain vulnerability. A generic framework was constructed for the assessment

of chain vulnerability and the prioritization of chain contamination risk. This

framework was validated using the case studies and wider inputs from

stakeholders.

The outputs from these tasks were synthesized into a Stakeholders' Guide to

food and feed chain vulnerability to contamination. The Guide is in book format,

supported by software that enables the stakeholder to input specific chain data

for a product and produce associated chain maps and assessments of

contamination risks. It will also enable the stakeholder to examine risk

minimization options (namely, corrective measures) such as enhanced security

of the most vulnerable links.
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SIGMA�CHAIN partners

Brazil

Instituto de Tecnologia de Alimentos

France

Institut National de la Recherche

Agronomique

Germany

Max Rubner-Institut

Syncom

Ireland

University College Dublin

AgriTech Solutions

Global Trust Certification

The Netherlands

TNO Quality of Life TNO

Wageningen University

Norway

SINTEF

Poland

Poznan University of Life Sciences
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SIGM�A

Sustainable introduction of GMOs into European Agriculture

http://ec.europa.eu/research/fp6/ssp/sigmea_en.htm

http://www.international.inra.fr/research/some_examples/

results_of_the_european_sigmea_project

This project studied temporal and spatial gene flow across Europe in order to

determine the measures needed for the co-existence of GM and non-GM

production systems. Crops selected for the study were maize, oilseed rape, beet

and wheat in both seed and crop production systems. The partnership exploited

information from recent and current national research programmes as well as

generating new research in the project. The results included:

· novel and improved methods for detecting GM plants/products, methods

(including models) for monitoring and measuring seed and pollen mediated

gene flow and predicting levels of impacts on whole farm and regional scales

· measures needed to segregate GM from other cropping systems, at the farm

and regional scale, including changes in agronomic practices, new

investments in equipment and machinery, zoning of crop production, the

practicality and cost of these measures, including testing, authentication and

stewardship of crops

· the socio-economic impacts of introducing GM crops into certain regions

including increased costs on both the non-GM and GM sectors, the

relationships between farmers adopting different technologies, constraints

on farmers, farm saved seed implications, liability for purity of crops,

conflicts and disputes between farmers. The results will inform all sectors of

European agriculture and help with decision making at local, regional,

national and European level on the management of farming systems in

relation to GM and non-GM cropping.
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SIGM�A partners

Commission of the European
Communities

Directorate General Joint Research
Centre

Belgium
Arcadia International
Eigen Vermogen Van Het Instituut

Voor Landbouw-En
Visserijonderzoek

UniversiteÂ Catholique De Louvain

Czech Republic
Czech University of Agriculture in

Prague
University of South Bohemia in

Ceske Budejovice

Denmark
Danmarks Tekniske Universitet
Aarhus Universitet
Kobenhavns Universitet

France
Arvalis-Institut du Vegetal
Institut National de la Recherche

Agronomique
Universite De Paris-Sud XI
Centre Technique Interprofessionnel

des Oleagineux Metropolitains

Germany
University of Applied Sciences of

Weihenstephan
Technische Universitaet Muenchen
Technical University of

Braunschweig
Bundesamt fuÈr Verbraucherschutz

und Lebensmittelsicherheit
Universitaet Hohenheim
Universitaet Bremen
Fraunhofer Gesellschaft zur

Foerderung der Angewandten
Forschung E.V.

Federal Biological Research Centre
for Agriculture and Forestry

Italy
Consiglio Per La Ricerca E

Sperimentazione In Agricoltura
Polytechnics University of Marche

The Netherlands
Plant Research International B.V.

Poland
Plant Breeding and Acclimatization

Institute

Slovenia
Jozef Stefan Institute

Spain
Institut De Recerca i Tecnologia

Agroalimentaries
Consejo Superior de Investigaciones

Cientificas
Instituto Nacional de Investigacion y

Tecnologia Agraria y Alimentaria

Switzerland
Forschungsinstitut Fuer Biologischen

Landbau
Swiss Federal Institute of

Technology
Universitaet Bern

United Kingdom
NIAB
Silsoe Research Institute
Institute of Grassland and

Environmental Research
Rothamsted Research Ltd
University of Sheffield
University of Reading
Adas Consulting Ltd
Central Science Laboratory, DEFRA
Cambridge Environmental Research

Consultants Ltd
Scottish Crop Research Institute
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TRACE

Tracing food commodities in Europe

www.trace.eu.org

Trace developed generic and commodity specific traceability systems to enable

the objective verification of the origin of food and animal feed. Natural tracers

such as trace elements, ratios of heavy (geo) and light (bio) isotopes and genetic

markers were measured to determine geographical, species and production origin.

Geo and bioclimatic mapping was undertaken to extrapolate geographical origin

and to reduce the need for commodity specific databases. Post genomic

technology created rapid and sensitive methods for species identification.

Profiling methods were used to identify markers, to characterize food products

and facilitate cost effective screening methods. The project focused on meat,

cereals, honey, olive oil and mineral water. Particular attention was paid to

commodities labelled as `Designated Origin' and `Organic'. The European Virtual

Institute for Chemometrics developed novel specifications obtained from

analytical data, which characterized these foods. Trace developed and drafted

standardized XML request-response schemes for coding and electronic

information exchange and established `Good Traceability Practice'. An electronic

information platform incorporating verifiable specifications and thresholds was

developed. This permits objective verification of origin and enables rapid and cost

effective product withdrawal. The new systems were demonstrated and

benchmarked in the five chosen chains, and the cost/benefit determined.

Consumer scientists investigated perceptions and attitudes towards the `ability-

to-trace food' through a pan-European consumer study. A multi-tiered interactive

information system was developed for communication both within the project and

for external use by industry, consumers and regulatory bodies. Research workers,

control agencies and industry have been educated in the new methods, procedures

and systems via short-term secondments and workshops.

TRACE partners

European Commission

DG Joint Research Centre of the

European Commission

Argentina

Consejo Nacional de Investigaciones

Cientificas y Tecnicas

National University of La Plata

Universidad Nacional de CoÂrdoba

Austria

Austrian Institute of Technology

GmbH

WPA Beratende Ingenieure GmbH
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Belgium

Walloon Agricultural Research

Centre

Vrije Universiteit Brussels

China

Institute of Quality Standards and

Testing Technology for

Agricultural Products

Czech Republic

Institute of Chemical Technology

Prague

France

Eurofins Scientific Analytics

Institut National de la Recherche

Agronomique

Ecole Nationale d'Ingenieurs des

Techniques Agricoles de

Clermont-Ferrand

Famille Michaud Apiculteur

Germany

Bundesinstitut fuÈr Risikobewertung

LGL Bayern

Bavarian State Collection for

Palaeontology and Geology

Isolab GmbH

Hydroisotop GmbH

Qiagen GmbH

Bundesanstalt fuÈr Geowissenschaften

und Rohstoffe

Greece

EKPIZO

Agricultural University of Athens

The Hellenic Research House

Iceland

Maritech

Ireland

National University of Ireland

TEAGASC

Italy

Fondazione Edmund Mach

Institute of Chemical Metodologies

of CNR

Catholic University of S. Cuore

Universita di Genova

University of Parma

The Netherlands

RIKILT Institute of Food Safety

University of Utrecht

Radboud University Nijmegen

Geochem Research BV

Wageningen University

Norway

The Norwegian Institute of Food,

Fisheries and Aquaculture

Research

TraceTracker Innovation

SINTEF Fisheries & Aquaculture Ltd

Poland

University of Silesia

Slovenia

National Institute of Chemistry

Spain

Universitat Rovira I Virgili

Universidad Politecnica de Madrid

Agua Insalus

FoodReg

Switzerland

Biolytix AG

GeschaÈftsstelle BATS

United Kingdom

The Food and Environment Research

Agency

Institute of Food Research

Kenneth Pye Associates

University of East Anglia
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TRACEBACK

Integrated system for reliable traceability of food supply chains

www.traceback-ip.eu

Assuring total traceability of food and feed along the whole chain from

production to consumption is a cornerstone of EU policy on the quality and

safety of food. This is a complex procedure involving identification, detection

and processing of a vast amount of information. Profit margins of food

producers and processors are already very tight, so they require a tracking

mechanism that is not only reliable and easy to use, but does not entail a major

cost burden. With a concerted effort and input from expert institutions, modern

technology could provide such a system.

The integrated project TRACEBACK developed a system based on a

service-oriented infrastructure model, including biosensors and microdevices

tools, to build a new traceability architecture for the entire food supply chain

extended to safety and quality. A key driver is the development of an

information management system compatible with the technology level of all

food chain players that is, without the burden of changing the technology

currently operating in the field. The system is further supplemented by the aim

to keep costs to a minimum.

Throughout Europe, 27 partners active in food research and the food industry,

including food enterprises, teamed up with two from Egypt and Turkey to

develop and test the innovative system in two representative and dominant food

chains: from feed until dairy and in tomato.

TRACEBACK will have the following long-term socio-economic impacts:

· turn traceability from a burden for industry into an opportunity for the food

chain

· underpin the safety and quality of the entire food chain

· help enterprises to reduce the cost of traceability

· give SMEs new market opportunities in high-tech and food products

· enable faster reaction to outbreaks of food contamination across the entire

food chain, minimizing the consequent economic and health risks.
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TRACEBACK partners

Egypt

NSCE Ltd

Finland

MTT Agrifood Research Finland

France

KBS

Germany

Centiv GmbH

Institut fuÈr Agrar- und

StadtoÈkologische Projekte an der

Humboldt ± UniversitaÈt zu Berlin

Max Planck Society

Ireland

Teagasc Agriculture & Food

Development Authority

Italy

Tecnoalimenti S.C.p.A. (the Co-

ordinator)

CEMAT ± Combined European

Management And Transportation

S.p.A.

Consiglio Nazionale delle Ricerche,

Istituto di Chimica del

Riconoscimento Molecolare

Engineering Ingegneria Informatica

S.p.A.

Federalimentare

Parmalat S.p.A

Scuola Superiore ISUFI, eBusiness

Management Section, University of

Lecce

Selex Communications S.p.A.

Technobiochip Scarl

University of Parma

Poland

ILIM ± Institute of Logistics and

Warehousing

Regionalna Wielkopolska Izba

Rolno-Przemyslowa

Spain

AINIA ± AsociacioÁn de InvestigacioÁn

de la Industria Agroalimentaria

Atos Origin Sociedad Anonima

Espanola

CONSUM Sociedad Cooperativa

Valenciana

SGS ICS IbeÂrica, S.A.

Sweden

Swedish University of Agricultural

Sciences Faculty of Alnarp

Turkey

Akdeniz University, Economic

Research Center on Mediterranean

Countries

United Kingdom

City University London ± Centre for

HCI Design

University of Kent
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acceptable daily intake, 111
accidental contaminants, 33±4
accuracy profile, 227
acetic acid, 154
adrenaline, 172
aflatoxin B1, 229
aflatoxin M1, 64
agri-food chain

sampling relevance for GMOs control,
214±32

cost-effective strategies sampling,
220, 222±5

international norms and legislative
provisions, 216±20, 221

sample preparation strategies, 225±6
sampling uncertainty estimation, 226±9
statistical programs/software, 230±2

AIDC see automatic identification and
data capture

Ajax, 19
American Meat Institute Guidelines, 170
analytical uncertainty, 216, 226
animal health security, 178
animal welfare

food safety and quality, 169±80
health, and food safety, 170±7

foodborne pathogens stress induced
promotion, 173±4

stress, immunosuppression and
susceptibility to disease, 171±3

threat from genetic manipulation to
welfare, food safety and human
health, 174±7

organic farming, and food safety, 177±80

animal health security, 178
toxic residues, 179
zoonotic diseases, 178±9

antimicrobial peptides, 152±3
APDS see Autonomous Pathogen

Detection System
Application Programming Interfaces, 15
AquaBounty, 190
AquAdvantage genetically modified

salmon, 190
area of possible origin, 252
artificial neural networks, 244, 245
artificial selection, 174
Atlantic cod see Gadus morhua
Atlantic salmon see Salmo salar
automatic identification and data capture,

15
Autonomous Pathogen Detection System,

57
schematic, 58

A927Z, 119

Bacillus anthracis, 33, 56
bacteriocins, 152±3
bacteriophage, 151±2
bagging, 153
barcoding gap, 271
beef production
improving microbial safety, 144±59
pathogens associated with beef, 145,

147±8
Campylobacter spp., 148
Escherichia coli O157, 145, 147
Listeria monocytogenes, 147±8

Index

ßWoodhead Publishing Limited, 2011



Salmonella spp., 147
primary production, 148±53
control, 149
pathogens in farm environment, 148±9

production chain, 146
safety and processing attitudes, 288±9
slaughter and processing, 153±6
control measures, 153±6

storage and distribution, 156±8
control measures, 156±8

targeted interventions, 149±53
bacteriocins and antimicrobial

peptides, 152±3
bacteriophage, 151±2
direct fed microbials, 150±1
vaccination, 150

bio-elements, 248
stable isotopes, 246±8

biocontainment, 149
biosecurity, 52
bioterror agents, 33±4
bioterrorism see food bioterrorism
biotraceability, 26
BIOTRACER, 27±8
biotracing

food safety, 23±34
bioterror agents and accidental

contaminants, 33±4
future directions, 34
novel aspects, 27±8
strategic impacts, 28±30
vs risk assessment and HACCP, 24±5

significance in production chains, 30±3
dairy chain, 32±3
feed chain, 31
meat chain, 31±2

tools, 25±7
conceptual food chain modelling, 26
contamination control technologies,

26±7
European feed and food law, 27
feed and food chain analysis, 26
genome sequencing, 27
modelling impact, 26

vs risk assessment and HACCP, 24±5
concepts of biotracing, HACCP and

QMRA, 24
Blu Premium, 20
Bluetooth, 15
bottom-up approaches, 227±8

defined, 227
bovine spongiform encephalopathy, 285,

295
bovine virus diarrhoea, 178
breadth, 16
BSE see bovine spongiform

encephalopathy
bulk analysis, 266

Business Process Execution Language
(BPEL), 14

by-products from biofuel production
(DDGS), 137

CaliciNet, 94
Caliciviruses, 34
Campylobacter, 31±2, 173±4, 178
Campylobacter jejuni, 32
Campylobacter spp., 110, 148
campylobacteriosis, 148
Canadian Cattle Identification Agency, 297
carcass chilling, 154
catecholamine stress hormones

adrenaline, 172
noradrenaline, 172

CEN standards, 242, 246
CEN/TS 15568:2006, 218, 226, 227
certified reference material, 201
CGF see corn gluten feed
chain mapping, 108
chain traceability, 4
chemical hazards, 111±12
Chill-on project, 117
chilled food supply chain

temperature monitoring, 115±24
food quality and safety prediction,

121±2
food supply chain stakeholders, 116±18
information management for inter-

organisational cold chain
management, 123±4

smart labels, 118±21
citizen-consumer duality, 291
Clostridium botulinum, 33±4
co-creation, 5
coccidiostat, 135
cod, 274
Codex Alimentarius, 81

ranking food hazards, 107
Codex standard CAC/GL 50-2004, 220
COMBASE, 33
Commission decision 2006/754/EC, 217
Commission Recommendation 2003/556/

EC, 215
Commission Recommendation 2010/C

200/01, 222
Commission Regulation 2065/2001, 289
Commission Regulation 2000/13/EC, 288
Common Fisheries Policy, 260
complementary DNA, 76
computer networks, 5
Confidents, 290
Consumer Goods Forum, 304
consumer trust

traceability in food chains, 294±9
communicating information to

consumers, 298±9
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food safety regulation, and trust,
294±5

initiatives to restore consumer
confidence, 295±7

techniques translation into labels,
297±8

contamination control technologies, 26±7
control measures, 153±8

slaughter and processing, 153±6
hide decontamination strategies in

beef chain, 155
organic acids, 154, 156

storage and distribution, 156±8
packaging systems, 157±8
thermal inactivation, 158

corn gluten feed, 192
cost, 204
cost-benefit analysis, 276
cost-effectiveness

stochastic simulation of traceability
systems, 38±48

recommendations, 48
review, 40±3
traceability solutions in a fresh

produce distributor, 43±8
Council Regulation 104/2000, 289
credence attributes, 286
Creutzfeldt-Jacob Disease, 289
critical sampling locations, 82
cytochrome-b, 271
cytochrome oxidase I, 267

dairy chain, 32±3
DALY see disability adjusted life year
Danish Technical University, 275
DARPA see Defence Advanced Research

Projects Agency
Defence Advanced Research Projects

Agency, 61
deoxyribonucleic acid, 240, 265
depth, 16
depuration, 97±8
desoxynucleotide triphosphates, 240
device profitability, 48
differential quantitative PCR method, 197,

202
dioxin contamination, 289
Direct Analysis in Real Time, 244, 245
direct fed microbials, 150±1
Directive 2002/32/E, 131
Directive 2001/18/EEC, 215
Directive (EC) 183/2005, 135
disability adjusted life year, 110
DNA see deoxyribonucleic acid
DNA barcoding, 267, 271
DNA-based methods, 271
DNA chip methods, 204
DNA-Chips, 269

dQ-PCR see differential quantitative PCR
method

DualChip, 205

E. coli O157 see Escherichia coli O157
E-DNA, 61
EC 1760/2000, 41
EC No. 183/2005, 27
EC Regulation no.178/2002, 304±5
EHEC factor for adherence (Efa-1), 150
electronic data interchange, 123
electronic nose, 61, 62
electronic tongue, 61
ELISA see enzyme-linked immunosorbent

analysis
empirical approaches see top-down

approaches
`Enthusiasts', 290
enzyme-linked immunosorbent analysis,

33, 63
Escherichia coli O157, 145, 147
Escherichia coli O157:H7, 173±4
essential oils, 156
ethical food qualities, 286
EU Co-Extra project, 220
EU Directive No. 178/2002, 27
EU Rapid Alert System for Food and Feed

(RASFF), 94
EU Regulation 401/2006, 220
EU Regulation 178/2002/EC, 215, 263
EU Regulation 1224/2009/EC, 260, 263
EU Regulation 2065/2001/EC, 263
EU Regulations 787/2004/EC, 217, 218,

219
EU Regulations 1830/2003/EC, 215, 217
eugenol, 156
EURACHEM guide, 216, 226
EURL-GMFF see European Union

Reference Laboratory for GM Food
and Feed

European Committee for Standardisation,
95

European Committee for Standardisation
Technical Committee 275, 218

European Feed Manufacturers Federation,
136

European Food Safety Agency, 74
European Food Safety Authority, 193, 198
European Network of GMO Laboratories,

217
European Organic Livestock Standards,

178
European research
communicating food and food chain

integrity to consumers, 285±92
attitudes to beef safety and

processing, 288±9
ethical issues emergence, 290±1
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interest in seafood traceability and
labelling, 289±90

traditional foods definition and
perception, 287±8

European Union, 304
European Union Reference Laboratory for

GM Food and Feed, 193
EU's Farm Animal Breeding and

Reproduction Technology Platform,
177

extensible markup language, 123
external services, 11

faecal indicator, 91
FAO see Food and Agriculture Organisation
farm management practices, 149
Farm Quality Assurance Schemes, 149
`farm to fork' food chain, 19
fatty acids, 274

analysis, 265±6
feed analysis, 26
feed-borne contaminants, 133±4
feed chain, 31
feed cost, 174
feed hygiene regulation see EC No. 183/

2005
feed quality, 131

emerging issues with implications for
human foods, 130±9

coccidiostat carry-over as indicator of
misuse of feed additives, 135

contaminant tracing and tracking,
135±6

emerging production technologies,
138±9

food and feed safety interaction, 131±3
new feed sources of emerging risks,

136±8
organic feedstuffs, 138
risks associated with mycotoxin, 134±5
risks associated with Salmonella,

133±4
feed safety

emerging issues with implications for
human foods, 130±9

coccidiostat carry-over as indicator of
misuse of feed additives, 135

contaminant tracing and tracking,
135±6

emerging production technologies,
138±9

food and feed safety interaction, 131±3
new feed sources of emerging risks,

136±8
organic feedstuffs, 138
risks associated with mycotoxin, 134±5
risks associated with Salmonella,

133±4

fingerprinting techniques, 243±6, 252
FIRRM see Foodborne Illness Risk

Ranking Model
first in, first out, 42
fish, 176

and fish products traceability using
advanced molecular technologies,
259±77

species identification and origin
assessment, 270±4

technology transfer, 274±7
traceability tool box, 263±70

Fish Barcode of Life Initiative, 271±2
fishing

illegal, unreported and unregulated, 260
global dimension, 261
impact, 262

FishPopTrace, 266, 270, 275
FishTrace, 272
flexible packaging, 157
food, 303

approaches to determining the origin,
238±55

bio-element and heavy element stable
isotope ratio analysis, 246±50

bio-element (HCNOS) stable isotopes,
246±8

heavy element stable isotopes, 248±50
case study, 244±6

chicken origin, 245±6
honey, 244±5
trappist beer, 245

isotope maps, 250±4
concept, 251
developing, 251±4
European mineral waters minimum

temperature during coldest month,
253

hypothetical food sample, 252
overall confidence levels for

compliance testing at individual
�-errors, 253

molecular biological methods, 240±3
spectroscopic and fingerprinting

techniques, 243±6
Food and Agriculture Organisation, 260
Food and Drug Administration, 271
food bioterrorism, 52

detection methods for classes of
contaminants, 61±2

Libra Nose, 62
detection methods for specific

organisms, 56±61
Autonomous Pathogen Detection

System schematic, 58
microfluidic microarray system, 59
Salmonella enterica real-time PCR

analysis, 57
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sensors for contaminant detection,
60

detection of products of biological
contamination, 62±4

immunoassay for aflatoxin M1, 64
economic and political impact, 52±3

economic costs incurred, 53
food supply chain disruption, 53±4

main biological threats, 54
prevention and mitigation, 51±66

contamination of biological origin,
55±6

recommendations, 64±6
food borne pathogens, 26
food business operators, 27
food chain

ranking hazards, 105±13
Codex Alimentarius, 107
hazard identification in the food/feed

chain, 108±9
risk ranking, 109±12

traceability role in restoring consumer
trust, 294±9

communicating traceability
information to consumers, 298±9

initiatives to restore consumer
confidence, 295±7

techniques translation into labels,
297±8

traceability, food safety regulation,
and trust, 294±5

understanding and monitoring pathogen
behaviour, 73±84

effective food management systems
for ensuring safe food, 81±3

hygienic design factors affecting
fouling and cleanability, 79±81

novel platforms, 74±5
rapid detection methods, 77±9
risk assessment, 75±7

food chain analysis, 26
food chain integrity

broader understanding, 304±5
definition, 304
effective communication: lessons from

European research, 285±92
attitudes to beef safety and

processing, 288±9
ethical issues emergence, 290±1
interest in seafood traceability and

labelling, 289±90
traditional foods definition and

perception, 287±8
EU gaps in traceability, 304±5
future trends, 303±7

food safety solutions, 307
traceability solutions, 305±7

globalization impacts, 303±4

food contact surfaces
hygienic factors affecting fouling and

cleanability, 79±81
organic food soil, 80±1
surface topography and cleanability,

79±80
food defence, 52
food hazards
identification in the food/feed chain,

108±9
chain mapping, 108
criteria, 108±9

ranking, 105±13
risk ranking, 109±12

chemical hazards, 111±12
microbiological hazards, 109±11

food isotope maps, 250±4
food product, 305
food quality
animal welfare, 169±80
chilled food supply chain temperature

monitoring, 115±24
food safety
biotracing, 23±34

bioterror agents and accidental
contaminants, 33±4

future directions, 34
novel aspects, 27±8
significance in production chains, 30±3
strategic impacts, 28±30
tools, 25±7
vs risk assessment and HACCP, 24±5

chilled food supply chain temperature
monitoring, 115±24

and quality in animal welfare, 169±80
health, and food safety, 170±7
organic farming, and food safety,

177±80
food safety management system, 304
diagnostic instrument, 81±2
support web tool, 83

food safety science, 30
food safety system, 106
food supply chains
genetically modified organisms

detection and traceability, 189±205
current challenges, 195±206
European regulatory framework for

GMOs, 192±5
GMOs history, 189±92

see also chilled food supply chain
food traceability
cost-benefit analysis of traceability

solutions in a fresh produce
distributor, 43±8

average monthly cost savings, 45
price penalty hypothetical scenarios,

47
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product flow from farmers to
consumers, 43

selected devices, 45
simulation product variables, 44

cost-effectiveness evaluation using
stochastic simulation, 38±48

cost-benefit analysis, 40±3
recommendations, 48

traceability solutions comparison
cost saving distribution, 46, 47

food traceability systems
service orientation in future web-based

systems, 3±21
Future Internet, 5±6
Internet of things, 15±16
novel approach, 6±8
RATIS, 9±15
service-oriented architectures, 8±9

service-oriented reference architecture,
9±15

RATIS, 11±14
RATIS Framework, 14±15
traceability reference model, 10

traceability systems and services
development, 16±20

co-ordinated set of services, 17
RATIS real applications, 19±20
TISs, RATIS Framework, RATIS,

third party services, legacy
systems, and devices, 18

food virology, 94
Foodborne Illness Risk Ranking Model,

110
foodborne outbreaks, 93
foodborne pathogens, 73±84

effective food management systems for
ensuring safe food, 81±3

diagnostic instrument, 81±2
microbiological assessment scheme,

82±3
support web tool, 83

hygienic design factors affecting fouling
and cleanability, 79±81

organic food soil, 80±1
surface topography and cleanability,

79±80
stress induced promotion, 173±4
understanding and monitoring

behaviour, 73±84
importance for risk assessment, 75±7
novel platforms, 74±5
rapid detection methods, 77±9

foodborne viruses
risks, rapid surveillance and control

measures, 88±99
clinical manifestations, 91±2
detection bottlenecks, 94±5
fast and efficient source tracing, 93±4

modelling development and behaviour
of viruses, 96±7

occurrence and epidemiology, 90±1
production and processing control

strategies, 97±8
risk assessment, 92±3
sampling, 98±9
zoonotic and emerging viruses via

food-producing animals, 95±6
Foodborne Viruses in Europe Network, 94
forced moulting, 173
forensics, 269
Francisella tularensis, 56
Freedom Food, 170
Fresh-Check, 120
fresh produce supply chain

stochastic simulation for cost-
effectiveness evaluation of
traceability systems, 38±48

recommendations, 48
review, 40±3
traceability solutions in a fresh

produce distributor, 43±8
Freshtime, 119
Future Internet, 5±6
future trends

food chain integrity, 303±7
broader understanding, 304±5
gaps in traceability, 304±5
globalization impacts, 303±4

food safety, 307
traceability, 305±7

Gadus morhua, 268, 274
gene stacking, 202±3
General Food Law, 295, 304
genetic engineering, 190
genetic markers, 267±9, 271
genetically modified organisms

background, 189±92
current challenges for traceability in

supply chains, 195±206
gene stacking, 202±3
GMO-free supply chains and

detection limits, 203±4
multiplexing and qualitative methods,

204±5
reference material, 201
sampling, 195±6
unauthorised GMOs, 201±2

detection and traceability in food supply
chains, 189±205

European regulatory framework, 192±5
history, 189±92
sampling relevance for control in agri-

food chain control, 214±32
cost-effective strategies sampling,

220, 222±5
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international norms and legislative
provisions, 221

international norms and legislative
provisions overview, 216±20

sample preparation strategies, 225±6
sampling uncertainty estimation,

226±9
statistical programs/software, 230±2

traceability, 193±7
cost-benefit analysis, 196±7

unambiguous taxonomic identification,
197±201

reference systems specific features,
200

sugar beet taxonomy, 199
genome sequencing, 27
Genypterus blacodes, 267, 274
geographical information system, 250
geoisotopes, 248, 249
geostatistic models, 229
Global Food Safety Initiative (GFSI), 303±4
GlobalGAP, 295
globalization, 303±4
glucocorticoids, 172
GMO-free

current challenges for traceability,
195±206

supply chains and detection limits,
203±4

GMOs, see genetically modified organisms
GMP, see Good Manufacturing Practices
Good Agricultural Practices, 149
Good Manufacturing Practices, 81, 136
Google Maps, 19
Google Web Toolkit, 19
growth hormone, 176

HACCP see Hazard Analysis Critical
Control Point

HAPERITIFchr, 111
HAV see hepatitis A virus
hazard, 111
Hazard Analysis Critical Control Point,

24±5, 81, 107, 135, 136, 149, 174,
194

hazard identification
food/feed chain, 108±9

chain mapping, 108
criteria, 108±9

hemolytic-uremic syndrome, 296
Hepatitis A virus, 89, 90, 92, 95
Hepatitis E virus, 90, 96
herring, 274
HEV see hepatitis E virus

i-Q32T, 119
impression technique, 81
in-house traceability, 4

infrared spectroscopy, 243
Institut National des Appellations

d'Origine ControÃleÂe, 203
integrity, 304
internal services, 11
International Food Standard, 304
International Organisation for

Standardisation, 193, 194
International Seed Testing Association,

217
International Service for the Acquisition of

Agri-Biotech Applications, 191
Internet
role of service orientation in future food

traceability, 3±21
Future Internet, 5±6
Internet of things, 15±16
novel approach, 6±8
RATIS, 9±15
service-oriented architectures, 8±9
traceability systems and services

development, 16±20
Internet of things, 15±16
ISAAA see International Service for the

Acquisition of Agri-Biotech
Applications

ISO 2007, 193
ISO 2859, 218, 219
ISO 8402:1994, 260
ISO 9001:2008, 81
ISO 17025, 242
ISO 21570:2005, 218
ISO 22000, 304
ISO 22000:2005, 81
ISO standard 2859, 218
ISO standard 24333:2009, 220, 225
ISO standards, 242, 246
isoelectric focusing, 267
isotopes, 248
see also specific isotopes

item-process, 10

Joint Research Centre; Institute for Health
and Consumer Protection (JRC-
IHCP), 194

KeLDA see Kernel lot distribution
assessment

Kernel lot distribution assessment, 217

Lab-on-chip sensors, 61
labelling, 286, 289±90
lactic acid, 154
Lb. acidophilus (LA51), 151
legacy wrapping/service enablement

approach, 9
Libra Nose, 62
limit of detection, 63, 242
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linear discriminant analysis, 245, 248
Listeria monocytogenes, 32, 76, 147±8
locus of enterocyte effacement, 147
Log IC, 119
lot, 305

mash-up, 19
Matrix Ranking, 111±12
measurement uncertainty, 243
meat chain, 31±2
microarrays, 269
microbial safety

improvement in beef production chain,
144±59

beef production, 145
pathogens associated with beef, 145,

147±8
primary production, 148±53
slaughter and processing, 153±6
storage and distribution, 156±8

microbiological assessment scheme, 82±3
microbiological hazards, 109±11
microsatellites see short tandem repeats
mitochondrial cytochrome-b gene, 271
molecular biological methods, 240±3
molecular technologies

ocean to fork tracing of fish and fish
product, 259±77

species identification and origin
assessment, 270±4

technology transfer, 274±7
traceability tool box, 263±70

Monte Carlo algorithm, 229
Monte Carlo method, 229
Monte Carlo simulation model, 45
multi collector inductively coupled plasma

mass spectrometers, 249
multilocus genotype data, 274
multiplex methods, 204
multivariate data analysis, 244
Mycobacterium avium ssp.

paratuberculosis, 75
Mycobacterium tubercolosis, 61
mycotoxin, 134±5

National Animal Identification System,
297

national livestock identification, 297
negative energy balance, 175
networks, 5
non-orthogonalised partial least squares,

244
Non-Statutory Surveillance Scheme, 111
noradrenaline, 172
NoroNet, 94
Noroviruses, 34, 89, 91±2, 94±5
North Pacific Anadromous Fish

Commission, 268

Norwalk virus, 97
NoV see Noroviruses
nuclear magnetic resonance spectroscopy,

243±4

omega-6 polyunsaturated fatty acids, 175
OmniLytics Inc., 151
OnVuTM, 121
optical tweezers, 75
Optimal Acceptance Sampling by

Attributes, 226
organic acids, 154, 156
organic feed

emerging safety and quality issues
implications for human food,
130±9

coccidiostat carry-over as indicator of
misuse of feed additives, 135

contaminant tracing and tracking,
135±6

emerging production technologies,
138±9

emerging risks in new feed sources,
136±8

interaction between food and feed
safety, 131±3

mycotoxin risks, 134±5
Salmonella risks, 133±4

otoliths, 266±7
illustration, 266

overstocking, 172

paradigm shift, 8
partial least squares ± discriminant

analysis, 244, 245
pasture-based systems, 145
pathogen behaviour

understanding and monitoring in food
chain, 73±84

effective food management systems
for ensuring safe food, 81±3

hygienic design factors affecting
fouling and cleanability, 79±81

importance for risk assessment, 75±7
novel platforms, 74±5
rapid detection methods, 77±9

see also foodborne pathogens
PCA see Principal Component Analysis
PCR see polymerase chain reaction
PCR analysis method, 195
pDALY see pseudo-disability adjusted life

years
PDO see protected designation of origin
perishability, 48
Pierre Gy's Theory of Sampling, 228
pink ling see Genypterus blacodes
polymerase chain reaction, 27, 56, 77, 241
population, 265, 272
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population structuring, 274
post-slaughter antimicrobial treatments,

174
precision, 16
President's Food Safety Working Group,

296
primers, 240
Principal Component Analysis, 248
Propionibacterium freudenreichii (PF 24),

151
ProSafeBeef, 286
protected designation of origin, 242, 250,

298
protected geographical indication, 242, 250
pseudo-disability adjusted life years, 112
PULSENET, 33

Q-PorkChains, 287
QMRA see quantitative microbial risk

assessment
qtRT-PCR see quantitative real-time

polymerase chain reaction
quality adjusted life years, 110
quality assurance system, 195
quality control

stochastic simulation for food
traceability systems cost-
effectiveness evaluation, 38±48

cost-benefit analysis, 40±3
recommendations, 48
traceability solutions in a fresh

produce distributor, 43±8
quantitative microbial risk assessment, 24,

93, 122
quantitative PCR, 78
quantitative real-time polymerase chain

reaction, 56

radio frequency identification, 15±16, 20,
118±20

Raman spectroscopy, 243
Rapid Alert System for Food and Feed,

106, 132
rapid detection methods, 77±9
rapid screening techniques, 243
RATIS see Reference Architecture for

Traceability Information Systems
RATIS Business Service Specifications, 12
RATIS Framework, 10, 14±15
RATIS Logical Service Specifications, 12
RATIS Web Service Specifications, 12, 14
re-sampling techniques, 228±9
real-time detection, 306
real time PCR, 78
real-time reverse transcription±polymerase

chain reaction, 95
Reference Architecture for Traceability

Information Systems, 9±10, 11±14

real applications, 19±20
service models, 13

Regulation (EC) 178/2002, 38±9, 295
reverse transcription-quantitative

polymerase chain reaction, 76
RFID see radio frequency identification
rigid packaging, 157
risk assessment, 92±3
Risk Ranger, 109
risk ranking, 109±12
chemical hazards, 111±12
microbiological hazards, 109±11

rodding, 153
Roundup Ready soybeans, 224
Royal Society for the Prevention of

Cruelty to Animals, 170
RT-qPCR see reverse transcription-

quantitative polymerase chain
reaction

Ruggedised Advanced Pathogen
Identification Device, 56

Salmo salar, 267
Salmonella, 31, 32, 42, 55, 65, 110
risks, 133±4

Salmonella bongori, 147
Salmonella enterica, 57, 147, 173
Salmonella spp., 147
Salmonella typhimurium, 32, 147
salmonellosis, 147
sampling, 98±9
CEN/TS 15568:2006

prepacked unit number to be
collected, 219

sampling points number according to
lot size, 219

cost, 225
field, 222±3
food and feed chains, 223±4
international norms and legislative

provisions overview, 216±20, 221
alternative sampling plans, 219±20
European approach, 217±18
gaps and limitations, 218±19
sampling norms, guides and

legislative provisions, 221
relevance for GMOs control in agri-food

chain, 214±32
sample preparation strategies, 225±6

test portion preparation from
laboratory sample, 226

software
measurement uncertainty estimation,

230
minimum cost determination, 232
re-sampling techniques, 231
sample size/power effect calculation,

230
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strategies and distribution properties,
231

statistical programs/software, 230±2
strategies for cost-effective in food and

feed chain different scenarios, 220,
222±5

uncertainty estimation, 226±9
bottom-up approaches, 227±8
geostatistic models, 229
top-down approaches, 228±9

sampling uncertainty, 216, 226±7
Sampling Unit Operations, 226
satellite-based vessel monitoring and

detection (VMS/VDS), 275
Sceptics, 290
seafood traceability and labelling, 289±90
SEAFOODplus, 287
serovars, 147
service broker, 8
service consumer, 8
service integration, 8
service level agreements, 11
service orientation

role in future web-based food
traceability systems, 3±21

developing traceability systems and
services, 16±20

Future Internet, 5±6
Internet of things, 15±16
novel approach, 6±8
RATIS, 9±15
service-oriented architectures, 8±9

service-oriented architectures (SOAs), 8±9
service provider, 8
Shiga-like Toxin producer Escherichia coli

(STEC), 79
short tandem repeats, 268
Shortcut in Sample Size Identification,

224
siderophore receptor and porin, 150
Simetar, 44
single nucleotide polymorphisms, 268
SISSI see Shortcut in Sample Size

Identification
small round structured viruses (SRSV), 34
SmartStax, 202
SNPs see single nucleotide polymorphisms
soft independent modelling of class

analogy, 244
spectrometric method, 265
sQMRA see Swift Quantitative

Microbiological Risk Assessment
stable isotopes, 247, 248

microchemistry and analysis, 266±7
Staphylococcus aureus, 32
Starlink, 202
state-transition simulation model, 42
StatXact, 229

stochastic simulation
food traceability systems cost-

effectiveness evaluation, 38±48
cost-benefit analysis, 40±3
recommendations, 48
traceability solutions in a fresh

produce distributor, 43±8
stock, 265, 272
stress, 171
stressor, 171
sub-sampling, 225
substance total score, 111
support vector machines, 244
surface plasmon resonance, 63
surveillance

food viruses, 88±99
clinical manifestations, 91±2
detection bottlenecks, 94±5
fast and efficient source tracing, 93±4
modelling development and behaviour

of viruses, 96±7
occurrence and epidemiology, 90±1
production and processing control

strategies, 97±8
risk assessment, 92±3
sampling, 98±9
zoonotic and emerging viruses via

food-producing animals, 95±6
sustainability, 291
Swift Quantitative Microbiological Risk

Assessment, 110
Synergy 22000, 304

technology transfer, 274±7
Temp Tale RF, 119
temperature monitoring

chilled food supply chain, 115±24
information management for inter-

organisational cold chain
management, 123±4

needs of food supply chain
stakeholders, 116±18

prediction of food quality and safety,
121±2

shelf life models and temperature
monitoring devices, 122

smart labels, 118±21
radio frequency identification, 118±20
time temperature indicators, 120±1

Theory of Sampling, 224, 226
thermal inactivation, 158
thermal ionisation mass spectrometers

(TIMS), 249
third party services, 11
time temperature indicators, 120±1, 157
TIS see traceability information systems
top-down approaches, 228±9
total uncertainty, 216
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toxic residues, 179
Toxoplasma gondi, 178
trace elements, 179
traceability, 3, 193±7

closing the EU gaps, 304±5
cost-benefit analysis, 196±7
current challenges in supply chains

containing and 'free from' GMOs,
195±206

gene stacking, 202±3
GMO-free supply chains and

detection limits, 203±4
multiplexing and qualitative methods,

204±5
reference material, 201
sampling, 195±6
unauthorised GMOs, 201±2

food chain integrity, 303±8
framework principal questions, 264
future directions, 306±7
and GMOs detection in food supply

chains, 189±205
illegal, unreported and unregulated

fishing
global dimension, 261
impact, 262

origin assignment, 272±4
individual assignment principle, 273

role in restoring consumer trust in food
chains, 294±9

communicating information to
consumers, 298±9

food safety regulation, and trust,
294±5

initiatives to restore consumer
confidence, 295±7

techniques translation into labels,
297±8

species identification, 271±2
technology transfer, 274±7
tool box, 263, 265±70

fatty acid analysis, 265±6
forensics in traceability support,

269±70
genetic markers, 267±9
microchemistry and stable isotope

analysis, 266±7
otoliths, 266

using advanced molecular technologies
for fish and fish products, 259±77

traceability information systems, 18

traceability reference model, 10
TRACEBACK, 7, 40, 43
track and trace, 27
traditional foods, 287±8
Traditional United Europe Food, 286
transgenesis, 190
TRM see traceability reference model
Truefood see Traditional United Europe

Food
TTIs see time temperature indicators
tying, 153

uncertainty, 226±9
defined, 226
see also specific uncertainty

US Department of Agriculture (USDA),
191

vaccination, 150
vaccines, 150
Vario Sense, 119
veal, 145
verocytotoxigenic E. coli, 145, 147
Veterinary Residue Committee, 111, 112
viable but not culturable, 79
virtual contamination scenarios, 33
virus-like particle, 97
viruses see foodborne viruses
visual inspection, 271
VITSAB TTI, 121
VTEC see verocytotoxigenic E. coli

Web 1.0, 5
Web 2.0, 5
Web 3.0, 5
Web Service Description Language, 14
WGAGFM see Working Group on

Applied Genetics in Fisheries and
Mariculture

White Paper on Food Safety, 28±9
willingness to pay, 298
`Winter vomiting' disease, 34
Working Group on Applied Genetics in

Fisheries and Mariculture, 276
World Wide Web Consortium, 8
WSDL see Web Service Description

Language

ZigBee, 15
zoonotic diseases, 178±9
zoonotic viruses, 95±6
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