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1.1  Quality and safety: issues

The term ‘quality’ has become a focus point in all discussions regarding the production 
and provision of food products to markets and consumers – quality in the broad sense 
of serving the consumers’ needs (see also the early publication by Oakland, 1998) by 
providing them with the right product, at the right time, and with the right service. In 
today’s competitive food markets, the quality approach is a precondition for sustainable 
market acceptance. It is a core pillar in the sustainability of enterprises and sectors, 
which builds on economic viability, quality orientation, ethical concerns, and an appro-
priate embedment in its environment.

In an enterprise, a sustainable delivery of quality is a result of a comprehensive effort. 
It involves the implementation of a quality approach at all levels of activities, ranging 
from enterprise management to process organisation, process management, and prod-
uct control. Enterprise quality systems build on routine quality assurance and improve-
ment activities that might encompass one or several of these levels. However, most food 
quality systems focus on system activities at several levels, involving process organisa-
tion, process management and product control.

Food safety is an inherent element of quality. It receives special attention not only by 
enterprises, but also by policy and legislation, because of its key importance for con-
sumers’ health, and the responsibility for food safety by enterprises and policy alike. 
Globalisation and industrialisation in the production and provision of food has 
increased the potential risk in food safety and has initiated increased efforts and con-
trols in food safety assurance.

The efficient ‘transportation’ of quality from the farm, and any of the subsequent 
stages of processing and trade to the consumer as the final customer, requires efforts in 
cooperation along the chain. The dependency of food quality and safety from activities 
at all stages in the chain makes chain cooperation a prerequisite of any advanced quality 
assurance scheme, including food safety. Such cooperation might build on individual 
arrangements, sector agreements, or on any other way that avoids the loss and supports 
the gain of quality along the chain.
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Chain cooperation has become a crucial element in quality assurance, and especially 
in food safety initiatives in the food sector. However, in the food sector, chains usually 
develop dynamically in a network of interconnected enterprises, with constantly chang-
ing lines of supplier‐customer relationships. In this scenario, chain cooperation is based 
on network cooperation – or, in other words, on sector agreements.

The quality guarantee that one can derive from the implementation of a quality sys-
tem depends on the evaluation of the system as a whole. Quality and food safety defi-
ciencies at any stage might remain with the product throughout the remaining stages, 
until it reaches the consumer. The most crucial need for guarantees involves guarantees 
for food safety. These constitute the baseline guarantee level and the prerequisite for 
consumers’ trust and market acceptance (Henson and Hooker, 2001; Verbeke, 2005).

The delivery of quality guarantees is based on controls, both, in the organisation of 
processes (process controls) and in process management (management controls). 
However, for the delivery of guarantees, these controls need to be integrated into a 
comprehensive scheme (quality program) that could serve as a cooperation platform for 
enterprises within supply chains and networks and provide a basis for communication 
with consumers.

Key issues involve agreements on chain‐encompassing quality assurance schemes, 
and the ability to identify the product flow through the production chain clearly, by 
linking the different product entities that are being produced and traded at the different 
stages of the chain, from the farm to the consumer as the final customer, and their qual-
ity status (tracking and tracing capability).

The following sections cover the development path from tracking and tracing towards 
quality assurance in food chains, the organisational concepts and quality programs for 
implementation, and the role of information and communication systems for opera-
tional efficiency.

1.2  Tracking and tracing through chains and networks

The tracking and tracing of food products throughout the food chain has become a 
dominant issue in discussions on food quality and, especially, on the assurance of food 
safety (Lobb, 2005). They allow, for any product and from any stage within the chain, 
identification of the source (backward tracing) and its destination (forward tracing). 
This supports the (backward) identification of sources of product deficiencies, and the 
(forward) isolation of any other product that might have been affected by these sources. 
Tracking and tracing capabilities support consumer protection in case of food con-
tamination. Furthermore, they support the communication of the quality status of 
products on their way through the food chain, and provide the basis for the delivery of 
quality guarantees at each stage of the chain and towards the consumers at the 
final stage.

However, it should be noted that, beyond this discussion line, the organisation of 
tracking and tracing schemes (TT schemes) has also a managerial dimension in sup-
porting efficiency in the logistics chain (supply chain) from the source (farms) to the 
final destination (the consumer). In fact, the managerial dimension has been at the cen-
tre point of initial discussions on tracking and tracing schemes, not just in the food 
sector but in other sectors as well (Golan et al., 2004).
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This emphasises the global relevance of tracking and tracing schemes and their role 
as a baseline feature, not only for the delivery of guarantees for food safety and quality 
but also for logistics efficiency, which is at the core of enterprises’ economic interests.

From a historical point of view, the TT schemes evolved from enterprise internal 
efforts and were subsequently extended to supply chains and networks. This historic 
development path also characterises a path of increasing complexity. The identification 
of product units and the monitoring of their movements inside an enterprise require 
less coordination efforts than is necessary in supply chains and, especially, in a sector as 
a whole, with its larger number of enterprises and different and ever‐changing trade 
relationships.

The identification of product units and the monitoring of their movements is a prob-
lem that is easy to solve, if product modification during the various stages of a supply 
chain process do not affect the composition of the product. The most complex TT 
scenarios concern composite convenience products or commodity products, where an 
individual ‘product unit’ cannot be based on a physical product element (e.g. a piece of 
grain), but needs to be based on logistics elements (batches) that might involve produc-
tion plots, transportation trucks, or storage units of any kind (Golan et al., 2004; 
Schiefer, 2006; Fritz and Schiefer, 2009; Schiefer and Reiche, 2013). The linkage of these 
different batches in a batch sequence generates the production flow with its modifica-
tions, and provides the basis for tracking and tracing activities.

1.3  Food safety – the baseline

The general assurance of food safety is a prime concern and responsibility of society. 
Traditionally, food safety rests on the formulation and implementation of standards 
regarding the measurable quality of products – for example, the quantity of substances 
in the product with potentially negative effects on human health.

This approach is increasingly being supplemented (not replaced) by a proactive 
approach that intends to prevent food safety deficiencies from the beginning through 
regulations on the appropriate organisation and management of processes in produc-
tion, trade and distribution.

For some time, policy discussions and legislative actions concerning pro‐active food 
safety improvement initiatives have concentrated on:

a)	 the assurance of tracking and tracing of products; and
b)	 the implementation of the HACCP principles (USDA, 1997).

However, as both of these initiatives require enterprise activities for implementation, 
any regulations regarding their utilisation in the food sector require cooperation by 
enterprises. This is a crucial point in food safety assurance. Society (represented by 
policy) has responsibilities in the provision of food safety guarantees to its members, 
but has to rely on activities by enterprises to substantiate these guarantees (Figure 1.1).

In this scenario, the ‘value’ of society’s guarantees depends on its ability to assure 
enterprises’ cooperation (i.e. on the effectiveness of the sector control systems).

However, the enforcement of enterprises’ cooperation through appropriate control 
systems has consequences for trade and constitutes, in principle, non‐tariff trade 

c01.indd   3 6/2/2017   6:12:05 PM



Advances in Food Diagnostics4

barriers that have to adhere to European and international trade agreements. At the 
international level, the World Trade Organization (WTO) provides the umbrella for 
trade regulations, and allows introducing trade related regulations that avoid food 
safety hazards if backed by sufficient scientific evidence. An important reference in this 
context is the Codex Alimentarius Commission (FAO/WHO, 2003; Luning et al., 2002), 
a joint initiative by FAO and WHO. In its Codes of Practice and guidelines, it addresses 
aspects of process management including, as its most prominent recommendation, the 
utilisation of the HACCP principles.

This is the background on which the European Community could introduce its food 
laws (van der Meulen, 2014), based on a White Paper on food safety (EU, 2000) and a 
baseline regulation (EU, 2002) which require enterprises all along the food chain to 
formally implement the HACCP principles in their food safety assurance activities. An 
exception is agriculture which is exempt from realising a formal HACCP concept, but 
which should, anyway, follow the principles of the HACCP concept in implementing 
appropriate food safety controls.

1.4  Food quality – delivery concepts

In enterprises and food chains, the delivery of quality and quality guarantees that reach 
beyond food safety traditionally builds on four principal areas of quality activities, inte-
grated into a systematic process of continuous improvement. These include:

a)	 the quality of enterprise management, as exemplified by the concepts of total quality 
or total quality management (TQM) (Oakland, 1998; Goetsch and Davis, 2012);

b)	 the quality of process organisation, frequently captured in the phrase Good Practice;
c)	 the quality of process management, usually phrased as quality management; and
d)	 the quality of products that could be captured through sensor technology, etc.

Discussions on the assurance of food quality in the food sector concentrate primarily 
on the quality of process organisation and process management, and combine it with 
specific requirements on product quality characteristics. This integrated view is based 
on the understanding that not all food product characteristics with relevance for quality 
could be identified and competitively evaluated through inspection of the final product. 
It refocuses attention from traditional product inspection to the prevention of deficien-
cies in food quality.

Society‘s
requirements

Management
activities in
enterprises

Food
safety

Influence

Consequence

Responsibility

Figure 1.1  Chain of influence in food safety assurance.
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However, it should be noted that successful quality initiatives of enterprises usually 
build on leadership initiatives related (even if phrased differently) to the TQM approach, 
and with a strong focus on continuous improvement activities. In this scenario, the 
quality‐oriented process management is an integral part of the more comprehensive 
management approach, and not a ‘stand‐alone’ solution for the elimination of quality 
problems.

A quality‐oriented process management is characterised by management routines as, 
for example, audit activities that support the organisation and control of processes to 
assure desired process outputs, with little or no deviation from output specifications 
(process quality). The integration and specification of these routines constitutes a man-
agement system or, with a view on the quality‐focused objectives, a quality management 
system. Well‐known examples include the standard series ISO9000 (Hoyle, 2006) or the 
HACCP principles (USDA, 1997; Newslow, 2013).

The traditional view of quality assurance in supply chains of any kind builds on the 
isolated implementation of quality management systems in individual enterprises, and 
assumes a sufficient consideration of quality objectives through the chain of supplier‐
customer relationships, in which each supplier focuses on the best possible fulfilment of 
quality expectations of its immediate customers (Spiegel, 2004).

However, this traditional view does not match with the specifics of food production 
and the requirements on quality assurance in the food sector. These specifics suggest 
that substantial improvements can only be reached through increased cooperation 
between stages regarding the specification of quality levels, agreements on process con-
trols, and the utilisation of quality management schemes. This requires agreements on 
information exchange and the establishment of appropriate communication schemes.

Initiatives towards integrated food supply chains were a focus of developments dur-
ing the 1990s, especially in export‐oriented countries such as the Netherlands and 
Denmark (Spiegel, 2004). These developments were primarily initiated for gaining 
competitive advantage in a quality‐oriented competitive market environment while 
improvements in the sector’s food quality situation were initially of secondary concern.

1.5  Quality programs – steps towards sector quality agreements

1.5.1  Overview

A variety of initiatives in different countries have focused on the formulation of com-
prehensive quality programs, which ask for the simultaneous implementation of a set of 
activities in process organisation and process management that assure a certain level of 
food quality and safety in enterprises and food chains. These programs, also referred to 
as quality systems or (if restricted to process management) quality management sys-
tems, are of a universal, regional or national scope.

Principal examples with focus on food chains include (Schiefer, 2003):

a)	 initiatives on the basis of rather closed supply chains, such as the Dutch IKB chains 
(IKB for Integrated Chain Management) (Wierenga et al., 1997); and

b)	 sector‐encompassing approaches that have little requirements on focused organisa-
tional linkages between enterprises, such as the German Q&S system (Nienhoff, 2003).
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Specific alternatives are programs that evolved from retail trade. These do not involve 
the supply chain as a whole, but function as a quality filter for deliveries from supplier 
enterprises and the food chains to which these are connected.

1.5.2  A closed system concept – the case of IKB

The IKB concept is a chain management concept for food supply chains that was 
designed in the Netherlands in the 1980s for improvements in the efficiency and quality 
of food production. Its initial focus was on closed production chains, with a central 
coordinating body linked to processing industry (Wierenga et al., 1997). Product deliv-
eries into the IKB chains are restricted to enterprises that conform to certain quality 
requirements. A key example involves conformity to the Dutch standard series GMP 
(Luning et al., 2002). Today’s developments open the closed chain approach and move 
it closer towards a network system.

1.5.3  An open sector system concept – the case of Q&S

The system of Q&S addresses all stages of the vertical supply chain. However, it can be 
implemented by each individual enterprise on each stage, with the exception of agricul-
tural enterprises that can only act as a group (Figure 1.2) and without any further coor-
dination with the group’s suppliers and/or customers.

The Q&S system is an open system, and its coordination is determined, in principle, 
by common agreements on the quality responsibility of the different stages. The 
approach tries to best adapt the food quality control activities to the actual market 
infrastructure that builds on open supply networks with continuously changing trade 
relationships. It places neither new organisational requirements on enterprise coopera-
tion, nor restrictions on the development of individual market relationships within the 
supply chain.

The system preserves flexibility in market relationships between enterprises but, as 
an open flexible system, it does require substantial efforts to move the whole system to 
higher quality levels. Furthermore, the approach does not support the implementation 
of more advanced quality assurance systems of individual groups within the general 

1. Requirements on
    tracking and tracing
2. HACCP (Except
    agriculture)
3. GMP (Quality level)
4. Requirements on
    system managem.  

Agric.

Trade

(Retail)

Animal feed

Processing

No direct
chain links

Figure 1.2  Q&S system organisation.
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system environment. Such efforts would reduce the guarantee value of the general 
system for the remaining participants, and would contradict the interest of the system 
as a whole.

1.5.4  Trade initiatives

The retail sector has designed its own standards for requirements on quality activities 
in their supplier enterprises, including those from agriculture that deliver directly to the 
retail stage (for an overview see Hofwegen et al., 2005; van der Meulen, 2011). Examples 
include: the international active standard, GlobalG.A.P., which focuses on agricultural 
enterprises (GAP: Good Agricultural Practice; GAP, 2016; Newslow, 2013), initially in 
the production of fruits and vegetables, and today in most agricultural production lines, 
the IFS standard (the International Featured Standard; IFS, 2016; Newslow, 2013), with 
a stronghold in Germany and France; and the BRC standard (Kill, 2012), the standard of 
the British Retail Consortium, which has influenced many quality initiatives in food 
supply chains in the UK and elsewhere.

Furthermore, a global retail initiative, the Global Food Safety Initiative (GFSI; 
Newslow, 2013) has formulated requirements on food safety assurance activities for 
retailer‐based standards which, if requirements are met, receive formal acceptance sta-
tus by the GFSI (Figure 1.3).

1.6  The information challenge

1.6.1  Information clusters

Both tracking and tracing capabilities, as well as the fulfilment of quality expectations at 
the consumers’ end, depend on activities in enterprises throughout the supply chain and, 
as a consequence, on the collection of information from chain participants and its com-
munication throughout the chain, with the consumers as the final recipients. This requires 
the availability of a feasible sector‐encompassing communication infrastructure.

Traditionally, the organisation of information in enterprises builds on a number of 
information layers that correspond with the different levels of business management 
and decision support. They reach from transaction information at the lowest level, to 
executive information at the highest level (Turban et al., 1999). These layers are pres-
ently being complemented by two additional layers at the transaction level, that 

GFSI
Global Food

Safety Initiative 

BRC GlobalG.A.P. IFS Etc.

Acceptance

Figure 1.3  Relationships between retail quality initiatives.
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incorporate information for tracking and tracing, as well as for quality assurance and 
improvement activities (Figure 1.4).

These new layers differ from traditional enterprise information layers due to their 
focus, which is not the individual enterprise but the vertical chain of production and 
trade. They are linked to the flow of goods and connect, in principle, the different stages 
of production and trade with each other and with the consumer. Their realisation 
depends on agreements between trading partners on responsibilities, content, organi-
sation and technologies.

The layers were initiated by requirements for tracking and tracing capabilities from 
legislation (EU, 2002) and markets, and by increasing expectations of consumers regard-
ing the quality of products and production processes. A number of European projects 
have dealt with tracking and tracing opportunities (e.g. project TRACE; www.tracefood 
.org), as well as with transparency requirements for meeting the emerging challenges 
towards sustainability, including food safety and quality (e.g. Project Transparent Food; 
www.transparentfood.eu; Schiefer and Reiche, 2013).

A sector encompassing general agreement is restricted to the lowest level of legal 
requirements. Any communication agreements beyond this level are subject to specific 
business interests, and might limit themselves to clusters of enterprises with common 
trading interests. In a network environment, individual enterprises might be members 
of different clusters, resulting in a future patchwork of interrelated and overlapping 
communication clusters (Figure 1.5).

The content of quality communication layers depends on the quality requirements of 
enterprises and consumers. However, the diversity of interests in a sector could gener-
ate an almost unlimited number of possible requirement sets – or, in other words, of 
needs for communication clusters. This is not a feasible approach.

In this situation, the quality requirements of quality programs could serve as a basic 
reference for the separation of communication clusters. First initiatives towards this 
end are under way. These developments will separate the sector’s food production into 

EIS

DSS

MIS

TIS-Values

TIS-Quantities

Quality
Tracking/Tracing 

Marketing

Enterprise Information Pyramid

1 2

Enterprise
focus

Chain/Sector focus

Remark: EIS: Executive Information Systems; DSS: Decision Support
Systems; MIS: Management Information Systems; TIS: Transaction

Information Systems (values, quantities)   

Figure 1.4  Information layers with enterprise (1, 2) and chain/sector focus.
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different segments with different quality guarantees. Examples are some of the retail‐
driven quality programs, such as the program ‘Proplanet’, by a major retail group 
(Proplanet, 2016), which builds on the establishment of a clearly defined supplier chain 
reaching from agriculture to retail, and provides information from each stage of the 
chain on a number of selected sustainability characteristics.

1.6.2  Organisational alternatives

The principal alternatives for sector‐wide information infrastructures focus on two dif-
ferent dimensions. The information may be communicated between enterprises directly, 
or it may be communicated between enterprises through a common data network that is 
linked with enterprises’ internal information systems. These approaches mirror classical 
network approaches, such as bus or ring network topologies (Turban et al., 1999).

Apart from establishing data networks, there is an additional alternative form of com-
munication that avoids the communication of data, but communicates assurances that 
certain information is true. If enterprises are assured that their suppliers fulfil the 
requirements of a certain quality system, information linked to the requirements do not 
have to be communicated, and the assurance (e.g. in terms of a certificate) is sufficient. 
As information infrastructures for quality assurance are not yet established sufficiently, 
this last approach is still attractive and utilised with a number of quality programs 
(Reardon et al., 2001).

However, technological developments in internet technology, with its wireless net-
works and the internet of things, the establishment of cloud services, the ability to deal 
with Big Data, and the availability of advanced network devices such as sensors or intel-
ligent smartphones with libraries of Apps for easy network access, are providing sup-
porting means that will push the utilisation of information networks across the food 
sector. To this end, the European Commission has initiated the program FI‐PPP 
(FI:  Future Internet), which develops a European network and system development 
infrastructure (FIware; www.fiware.org), including stores of so‐called Generic Enablers 
for supporting app development, and an experimental European‐wide network for 
experimental use, as well as the simulation of scaling‐up of applications. In addition, the 
program supports the development of more than 1000 apps that build on this technol-
ogy, with more than 100 focusing on the food sector (see, for example, the accelerator 
projects FINISH – www.finish‐project.eu; or SmartAgriFood – http://smartagrifood.
com). It is expected that such initiatives will provide a major push towards the develop-
ment of a transparent food sector.

basic

A B

enterprises

Comm.
layers

Figure 1.5  Agreed communication clusters with participation of enterprise A in five, and enterprise 
B in one of the clusters.
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1.6.3  Data ownership and data markets

With technology limitations becoming less a barrier, deficiencies in agreements on 
standardisation and content of data exchange receive increased attention. Dealing with 
data ownership and data utilisation has emerged as a major issue for clarification. At the 
moment, most data of interest are to be collected at early stages of the chain. These bear 
the costs of collection, while benefits of data utilisation are concentrated at later stages 
of the chain and, especially, at retail, with its link to consumers. A sustainable data 
exchange network needs to assure a balanced consideration of costs and benefits 
(Schiefer and Deiters, 2015).

One of the proposals discussed within the sector is to separate data from products, 
and to establish data markets separated from product markets. This may lead to prod-
ucts at retail with less or more information available, resulting in lower or higher market 
prices based on the argument that ‘information has its price’.

A specific model based on a separation of data from products is realised in the book 
and claim approach (Greepalm, 2016), which is suitable for quality issues linked to dif-
ferences in production systems, not in quality issues linked to measurable food charac-
teristics. In this model, quality certificates for products from highly valued production 
systems, such as systems with positive environmental effects, may be sold indepen-
dently from the actual product. Later stages of the chain may purchase the certificates 
and link them with products from other sources, while the initial products are sold 
without any quality premium. In the end, the market may receive products that are sold 
as being from environmental production supported by the respective certificate, while 
they are not. However, as the initial products will be sold without any quality pre-
mium, the balance is unchanged. The quantity of products with certificate resembles 
exactly the quantity of products produced under the preferred condition.

1.6.4  Added value of emerging information infrastructures

The quality interest of customers and consumers, the chain efficiency aspect, and the 
legal requirements on the tracking and tracing capability of the food chain, together 
provide the argument for the establishment of a sector‐wide information infrastructure. 
However, newly emerging aspects of quality communication schemes involve the 
potential for possible added values that these infrastructures could provide. As an 
example, chain‐focused extension services might utilise information from various 
stages, to arrive at recommendations for improvements in chain quality performance or 
chain efficiency.

All these benefits combined are the long‐term matching part for the costs of a sector‐wide 
information infrastructure.

1.7  Conclusion

Initiatives to improve tracking and tracing capabilities, as well as the delivery of 
trustworthy and stable quality products, are the means to control risks and to assure 
and develop markets. From this point of view, they are prerequisites for a sustainable 
economic position of enterprises in the food market. Considerations of public health 
and legal requirements support the development, and are not contradictory.
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Increased globalisation, industrialisation and sophistication of food production and 
trade increase the need for improved process control, process management and com-
munication inside enterprises, but especially between enterprises along the vertical 
food production chain. This requires substantial investments in: the design of new qual-
ity assurance concepts; in cooperation agreements throughout the sector; in the identi-
fication of accepted quality levels; in the allocation of quality assurance responsibilities; 
in the design and implementation of communication systems; and in the distribution of 
investment and operations costs.

This makes the move from the traditional view on quality production to today’s 
requirements difficult, and a challenge for the sector – but a challenge that needs to 
be met.
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