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a b s t r a c t

Food supply chains are increasingly complex and dynamic due to (i) increasing product proliferation to
serve ever diversifying and globalising markets as a form of mass customisation with resulting global
flows of raw materials, ingredients and products, and (ii) the need to satisfy changing and variable con-
sumer and governmental demands with respect to food safety, animal welfare, and environmental impact.
Transparency in the food supply chain is essential to guarantee food quality and provenance to all users of
food and food products. Intensified information exchange and integrated information systems involving
all chain actors are needed to achieve transparency with respect to a multitude of food properties.

In this paper, specific challenges of food supply chains are highlighted. Major elements are addressed
that support transparency to consumers, the government and food companies, which are considered
the claimants of transparency. Elements considered to be enablers of transparency are governance mech-
anisms, quality and safety standards and information exchange. The paper specifies these transparency
claimants and enablers for food supply chains and identifies major information system functions and
information technology applications needed to comply with transparency demands. It thereby provides
a framework for transparency analysis in food supply chains.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Modern consumers demand products that are safe, healthy and
of high and consistent quality. They demand guarantees for food
characteristics, thus calling for transparency and effective response
if a problem arises. We only need to refer to the recent EHEC-bac-
teria outbreak in Germany to illustrate this point. Moreover, they
require product availability in broad assortments year-round at
competitive prices. These demands are accompanied and sup-
ported by national and international regulations and legislation
in the area of food quality and safety as well as changes in the area
of trade laws (WTO) that have led to more open markets. This
again has resulted in a large increase in cross-border flows of live-
stock and food products.

The market demand for food is becoming more heterogeneous
and dynamic, thereby requiring more market-oriented activities
in various stages of this chain, from primary producer up to the re-
tailer, to serve the on-going trend toward mass-customisation pre-
valent in this and other sectors. Grunert et al. [1] argue that the
extent of heterogeneity in end-user markets is a determinant of
the degree of market orientation in the supply chain. A challenge
in the food sector is that market demands are currently insuffi-
ciently translated through the whole supply chain. Moreover, also

from an upstream supply chain perspective, heterogeneity of raw
materials is not exploited for serving market heterogeneity down-
stream in the supply chain [1,2].

To comply with consumer and governmental demands, in-
creased exchange of information about characteristics of products,
processes, and resources between stakeholders in a food supply
chain is of eminent importance. Through information exchange
the origin and history of food products can be made visible and,
thus, more transparent. Transparency implies openness and com-
munication. In engineering, transparency often applies to systems
that are easy to understand and use by users, because knowledge
elements are easy to use while the system details and peculiarities
are hidden for them (see for an example [52]).

Transparency of a supply chain is ‘. . .the extent to which all its
stakeholders have a shared understanding of, and access to, the
product-related information that they request, without loss, noise,
delay and distortion’ [3,4]. In food and agribusiness transparency
can serve various needs. Besides improving market efficiency, en-
hanced information exchange in the whole supply chain, consis-
tent food quality, support of product differentiation, logistical
and process optimisation (e.g. [5]) may serve operations manage-
ment considerations. This makes food companies one of the main
claimants of transparency in the food supply chain, alongside con-
sumers and the government.

In this paper we discuss how food supply chains cope with
transparency demands through the combined application of
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quality and safety standards, supply chain governance mecha-
nisms, i.e. organisational arrangements between supply chain ac-
tors,1 and information exchange. In Section 2 we address the
complexity of current food supply chains. Section 3 goes into the
specifics of consumer demands with regard to food products. Section
4 translates these demands into industry requirements. Section 5
discusses governance mechanisms in food supply chains including
quality and safety standards and information exchange. Section 6
goes into information system and technology solutions for food firms
and food supply chains to cope with (differentiating) transparency
demands. Section 7 concludes the paper.

2. Complexity of food supply chains

In this section, we describe specific characteristics of food prod-
ucts and production processes to help explain the complexity and
dynamism of current food supply chains.

2.1. Actors in food supply chains

In a supply chain, vertically linked companies collaborate to put
products on a market. In a supply chain more than one supply
chain process can be identified, and these operate either parallel
or sequentially in time. As a result, companies may play different
roles in different supply chain settings and therefore collaborate
with different supply chain partners, who may be their competi-
tors in other supply chain settings. In brief, supply chain actors
may be involved in different supply chains and participate in a
variety of supply chain processes that change over time and in
which dynamically changing vertical and horizontal partnerships
are required [6].

In promoting and building strong food supply chains, compa-
nies need to understand the way competition is changing. Because
of product proliferation (as a consequence of mass customisation),
future competitiveness will depend on effective participation in,
and control of, global food supply chains. To be competitive, supply
chain partners have to coordinate and share information. Inte-
grated information systems are needed to accomplish this [7,8].

The commercial result of a supply chain is measurable via
acceptance of the delivered end product by the consumer, implying
that also intermediate actors should have accepted the (intermedi-
ate) products offered to them. Nowadays, this acceptance depends
on a combination of price, quality and safety, and associated guar-
antees. Food safety and high-quality products are not the sole
responsibility of individual organisations, but of the entire food
supply chain. After all, a supply chain is as strong as its weakest
member. This is especially true for food supply chains. Because dif-
ferent actors each have their own role in assuring quality and
safety of the end product, their activities should be closely coordi-
nated. This puts specific demands on governance mechanisms (i.e.
organisational arrangements) in these supply chains [2,9].

2.2. Precedence relationships between processes within food supply
chains

Within a food supply chain, as described in the previous para-
graph, we identify one or more supply chain processes with well-
identified products that are produced and delivered to customers
of that supply chain process. Production and delivery require exe-
cution of business processes by actors participating in the supply
chain. There are precedence relationships between these business
processes that are or may be determined by goods, resources,

information, financial and control flows of business entities. So,
we may regard a supply chain as a directed network of business
processes with precedence relationships (see Fig. 1) [10]. These
relationships also determine to a large extent the complexity fac-
tors that are associated with realising transparency.

The directed network of processes in Fig. 1 is depicted on a cer-
tain level of abstraction. Each process P may again be decomposed
into a network of sub-processes (P.1.1 etc.). Information always de-
picts some part of reality we are interested in. In this case we deal
with information about characteristics of products, processes and
resources and their relationships. Information in the context of
transparency depends on the integrity of products, processes and
resources, meaning that these products, processes and resources
must comply with predefined specifications (i.e. ‘you get what is
written on the label’). Product integrity then means that a product
possesses characteristics to be obtained when production pro-
cesses and use of resources comply with specifications. For exam-
ple, if we presume to eat an organic food product and if it has been
labelled to be organic, it indeed should have been produced
according to the rules for organic food production.

In addition, an organisation must be able to prove through doc-
umentation that it is producing in the way it claims to be, which
may be in line with production standards imposed by its custom-
ers, the government or international regulations. In the food indus-
try these standards in most cases take the form of quality and
safety standards, such as GLOBALGAP, a primary production stan-
dard for farmers, designed and imposed on farmers by a consor-
tium of retailers [11]. If products possess the property of
integrity then recording of information about the products or prod-
uct lots should be done taking into account predefined rules, pro-
cedures, methods and means. This information should be
available to all stakeholders concerned; it should be unambiguous,
complete and accurate. In other words, the information should
conform to the reality of the object it depicts. It is a representation
of an object in the real world that one may trust and that has been
made in accordance with an agreed-upon standard and description
of that representation [10].

2.3. Typical product and process characteristics in the food sector

The special characteristics of products and processes in food
supply chains have implications for actors in these supply chains
with respect to the recording and use of data on products and pro-
cesses and the communication of data between processes on the
level of the supply chain. A number of authors have provided an
overview of typical food industry characteristics, sometimes cate-
gorised for different supply chain actors, and/or the activities they
perform [12–15]. These characteristics can be grouped according to
intrinsic and extrinsic attributes of products and attributes of pro-
cesses. Table 1 lists the most frequently mentioned attributes.

Because of quality deterioration (perishability) and quality var-
iation of food products, production and distribution management
in food supply chains is intrinsically dynamic [16]. Characteristics
of (fresh) food products change over time, and this has important
implications for the management of processes in the supply chain
(e.g. products which are closest to their expiration date should be
sold first and, at retailer level, often at reduced prices). Inherent
quality variation of biological products, between lots and even on
the level of the individual product, and unpredictable output, pose
challenges for sorting, processing (e.g. differences in sugar content
or fat percentage) and distribution. Moreover, different actors in
the food chain as well as different consumers and consumer groups
have different perspectives on food product attributes, posing ex-
tra challenges to the alignment of processes in the chain [17]. For
example, for a pig farmer weight is an important attribute of his
products, whereas for a consumer taste will be much more impor-

1 (Supply chain) actor is defined as a company that has a production or distribution
role in a supply chain.
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