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Chapter 1

1

Introduction

Innavation of products and services is of paramount impartance to food pro-
duction systemis for various reasons. At the global level product innovation
is indispensable in order to produce sufficient food for a steadily increasing
warld population, By contrast in Western countries product innovation has
become an important competitive tool of food productions systems in order
to maintain or increase market share in a - in terms of volume - saturated
market. Product innovation can also contribute to the sustainability of the
faod system.

The Western food industry seems well aware of the need for product innova-
tian as a cantinuous process. However, translating this awareness into a sys-
tematic strategy and a coherent set of innovation programmes is not yet
common practice in this sector. In order to be innovative a food production
system depends on a host of factors, both exogenous and endogenous to the
company.

The fallowing exogenous factors seem to influence food innovation a
great deal at present. Sophisticated suppliers, highly demanding food retail-
ers and fierce competition between food companies stimulate innovation as
a marketing strategy. Changing cansumer demands and needs create market
opportunities for new products and services. A continuous stream of scien-
tific and technological inventions offers new opportunities for product deve-
lopment. The abolition of trade barriers and market protection within the
European Union and by the World Trade Organizatien enlarge the market
potential of a specific food innovation.

Endogenous characteristics of food production systems determine
whether available market opportunities for new products are actually utili-
sed. Crucial to this matter are company characteristics such as market orien-
tation, technological skills and willingness to invest in R&D and new mar-
kets. Effective planning and implementation of innovation processes, both
within and between companies of a food production system, are also impor-
tant in this respect.

A great many interesting books have been published recently on inngvation
in food production systems and on related issues, such as market arienta-
tian. Most of these contributions take an econamic or a managerial appro-
ach to the innovation process {(e.g. Dodgson, M., and R. Rothwell (ed.),1994;
Traill, B, and K.G.Grunert (ed.), 1997). Many studies have also been made of
technological and scientific elements of the innovation process (e.g. Fito et
al. {ed), 1997; Heldman, D.R. and D.B.Lund (ed.),1992; Larsson, K. and S.E.
Friberg {(ed.), 1990). To our knowledge, studies which integrate the econo-
mic, managerial and technological elements of the innovation process are
still scarce. By adopting a techno-managerial approach ta food product
innovation, this book is intended as a first step towards filling this gap. It
covers the main issues of product innovation, devoting ample attention to
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both technological and managerial aspects of the innovation process.
Important elements of this process are discussed in separate chapters.

The book starts with a chapter on the food production system as a marketing
system. It discusses developments in the environment and in the structure of
food marketing systems and related strategies. Market orientation, and in
particular consumer orientation, is recognized as a basic feature of food mar-
keting systems. Consumer perception of food products and its translation into
desirable product characteristics is covered thoroughly in the chapter on the
principles and practice of consumer orientation in new product development.
The determination of product quality, in particular quality deployment and
the house of quality concept receive special attention in a separate chapter.
Food product innovatian is not simply a one-sided operation, translating con-
sumer wants and needs inta a new praduct. Such a process might occur where
innovatiop consists of slight modification of existing products. However, the
extent to which new products can be tailored to consumer needs will usually
be constrained by the available technological skills. For that reason a chapter
an current developments in food technology is included in the book. Effective
cantrol of both production and logistical processes is essential for the main-
tenance of product quality. This is all the more impartant since food security
has become vital to food marketing, in particular to the image of a brand or
company. As a result, one chapter of the book is devoted to an in-depth
description of hazard analysis critical control points (HACCP) and risk
management in food production systems. Product and service innovation in
food production systems profit a great deal from dynamic developments in
information and communication technology {ICT). Advances in logistical pro-
cesses and logistical planning alse contribute to food product innovation. In
keeping with a broad view of the food innovation process, this book also con-
tains a chapter on basic notions of and important developments in logistics
and ICT. Product innovation has to abide by government regulations on pro-
duction and marketing of food. In this respect not only food and drug laws,
but also agreements between the food industry and government, such as on
packaging waste and other environmental issues are important. These issues
are covered in a chapter on legal aspects of food production and marketing,
which pays particular attention to the impact of the EU and Codex on the
national food law system.

The outline above indicates the techno-managerial approach to food product
innovation which we have adopted in this book. We have structured the main
issues into separate chapters and provide the reader with detailed informa-
tion about new developments in the respective areas. We hope that the book
will thus serve as a guide to students of food product innovation, both those
studying food technology and those specialising in management of the food
industry. The non-technical treatment of the various topics s intended to
help in the achievement of this objective.

The Editors.
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Figure 2,1

Basic patterns of
food marketing
channels

Changing food marketing systems in
western countnies

M.T.G. Meulenberg and J. Vigene

Introduction

Agricultural and food products have traditionally been marketed through
institutienalized markets, such as commodity exchanges, auctions and whe-
lesale markets. Prices are the central coordination mechanisms in such mar-
kets. However, agricultural and food markets have changed drastically in the
last few decades. Perhaps the most fundamental change is the shift from
production to market crientation. In order to establish a strong competitive
position in their market, agricultural and food companies have to produce
goods and services which match the wants and needs of consumers. In this
context the coordination of company decisions in the food marketing system
has become extremely important. Consumer orientation, competitive
strength and marketing efficiency are key wards in agricultural and food
marketing. In conjunction with this development, food marketing systems
have become more diverse and more sephisticated.

This chapter is concerned with changes in the food marketing system, in par-
ticular in the European Union (EU)}. First, a framework of the marketing sys-
tem is proposed in order to analyse marketing and markets of agricultural
and food products. Afterwards developments in the environment of the food
marketing system are reviewed. Subsequently structural developments in
food marketing systems are analysed. Attention will be paid to actors in the
marketing channel, such as farmers, wholesalers, the food industry and
retailers. Marketing strategies which have become important in the
European food marketing systems are reviewed. The chapter ends with some
conclusions.

The food marketing system: a framework

Direct marketing from farmer to consumer is the exception rather than the
rule in Western countries. Agricultural marketing channels have evolved into
food marketing systems consisting of different actors, such as farmer, who-
lesaler, the food industry and retaiter.

Farmer farmer Farmer Farmer Industry
Consumer Middleman Wholesaler Wholesaler farmer
Consumer Retailer Industry Industry
Consumer Retailer Retaiter
Consumer Consumer



Changing food marketing systems in western countries

2.2.1

These actars, sometimes organized in a specific way, such as cooperatives,
have emerged in the food marketing channel for reasons of effectiveness,
efficiency or equity. For instance, dairy cooperatives have been set up in the
past in order to: (a) increase marketing effectiveness, e.g. by product inno-
vation and better product quality; (b) improve marketing efficiency e.g. by
economies of scale in processing and logistics, and (c) enlarge equity by
strengthening farmers’ bargaining power vis-a-vis other actors in the mar-
keting channel.

The exchange process for food and agricultural products can take ptace
through institutionalized markets, such as commedity exchanges, auctions
and wholesale markets. Other types of exchange processes, such as a direct
relationship between producer and retailer, are becoming more popular. The
structure of markets and marketing channels has become more diverse and
depends on the marketing strategy pursued by the actors of the food mar-
keting system. In some cases food marketing systems need specific inputs
within the context of their product policy, and for that reason agribusiness
companies, such as mixed feed or seed companies, are becoming a part of
the system. In other cases food marketing systems shrink by excluding or
integrating compantes, e.g. the exclusion or integration of a wholesale com-
pany in the exchange process between producer and retailer.

The analysis of food marketing and markets should cover the system of
actors involved in the marketing of a food preduct. In real life there is a
great variety of food marketing systems ranging from conventional marketing
channels, where actors are cannected by markets and coordinated by market
prices, to vertical morketing systems, where actors operate on the basis of a
coordinated marketing plan.

Essentially an analysis of food marketing systems is based on the following
questions: Which marketing functions are performed? How is the perfor-
mance of these functions institutionalised? What kind of relationship exists
between these institutions? This framewark can structure the analysis of cur-
rent dynamic food marketing systems.

Functions

The performance of marketing functions should be based on a thorough
knowledge of the environment of the marketing system. Various aspects of
the environment can be differentiated: the general environment, which inf-
luences medium and long term marketing policies of a company, and the task
environment, which is relevant in a specific product-market combination.
Within the general environment a distinction can be made between the eco-
nomic, demographic, social, political, physical and technolegical environ-
ments. On the demand side, trends in the general environment cause chan-
ges in consumer wants and needs with respect to food products and servi-
ces, and, on the supply side, new systems of production and information. For
instance, many agricultural and food companies are interested in future
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2.2.2

2.2.3

developments in biotechnology and in their acceptance by consumers, These
environmental trends determine the opportunities for and threats to food
marketing systems in the medium and/or long run.

The task environment of a food marketing system consists of: (a) consumers
or customers, as well as consumer groups and lobby groups representing
societal interests, (b) competitors who operate in the same target market;
(c) a government, which both stimulates and regulates agricultural and food
marketing. Every product/market combination has a specific task environ-
ment. However, task environments of many product-market combinations
have developments in common since they result from the same general envi-
ranment. These common changes in the task environment will be included in
our discussion of the general environment.

Institutions

How should the fulfilment of marketing functions be institutionalized, in
order to best serve the chosen target group? Should companies differentia-
te or integrate specific marketing functions and which criteria should be
applied for that purpose? In general, such decisions are based on the crite-
ria of effectiveness, efficiency and equity. Theories about marketing channel
structure use specific criteria which essentially are related to these three
hasic criteria. For instance, marketing theories about the length of marke-
ting channels, use efficiency/costs criteria (Stigler, 1951; Bucklin, 1965;
Mallen, 1977). Effectiveness criteria, such as sales volume and margins, have
also been used in theories about channel length (Aspinwall, 1962}. Equity
criteria, in particular channel power, have been applied in the behavioural
analysis of marketing channels (Stern, 1369; Brown et at., 1995).

Relationships

The relationship between actors in the food marketing system is a correlate
of the marketing strategy and marketing functions to be performed. In spot
markets relationships between actors are weak. They are close in food mar-
keting systems when marketing policies have to be coordinated precisely,
such as in the case of marketing private brand names. These relationships
between actors in the food marketing system can be informal or legally bin-
ding. Consequently, an analysis of food marketing systems has to consider
the implications of changing marketing strategies for the relationship
between actors in the system,

In summary, the propased framework for analysing changing food marketing
systems perceives the actors involved in the marketing of food products as
members of a marketing system which has to respond to changes in its envi-
ronment with an effective marketing strategy. Also, autonomous develop-
ments within companies of the system, such as the development of new
retail concepts, new processing technologies and breeding methods, will
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Figure 2.2
A framework for food
marketing systems

2.3

2,3.1

have a strong impact on food marketing. Good relationships between the
actors of a food marketing system are crucial for good performance.

Economic, Demographics, Social
GENERAL

Industry

Farmer
Wholesaler
Industry

Wholesaler

—ZMT 2O ZM
A EMIT 2O~ Zm

Retailer

GENERAL
Political, Physical, Technological

Developments in the environment of the food
marketing system

Changes in the environment of the food marketing system are opportunities
and threats for marketing strategies. We will discuss these changes concise-
ly and elaborate some topics. In our exposition we follow the classification
outlined in Section 2.2, of economic, demographic, social, political, physi-
cal and technological environments.

Economic environment

The economic environment influences marketing strategies of the food sys-
tem in various ways. Per capita disposable income is a basic determinant of
food consumption. Its quantitative impact can be expressed in the income
elasticity of food demand. Income elasticities of the demand for generic food
products are small in Western countries. This is one of the reasons for satu-
ration in food consumption: the well-known Engel’s law states that with
increasing income the percentage of consumers’ disposable income spent on
food decreases (see table 2.1). However, it should be kept in mind that con-
sumer demand for built-in services and for quality is more sensitive to inco-
me changes than the demand for food in terms of volume.,
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Table 2.1

Per capita consump-
tion of food, drink
and tobacco in EU
(EED), expressed in
ECU and as a % of
the total consump-
tion in EEC

2.3.2

Year Food, drink Total Food, drink and
and tobacco consumption tobacco as a % of
(ECU) (ECYU) total consumption

1982 1 1137 5059 22.47%

1985 2) 1169 5613 20,83%

1989 2) 1661 8227 20,19%

1993 ) 1852 9924 18,66%

1) EUR1O 2 EUR12 3) EUR1S Source: Eurostot

The volume of gross domestic product in the EU increased by 2.75% in 1994,
and by 3.0% in both 1995 and 1996 {Centraal Planbureau, 1995, p. 38). It
is expected that per capita income in Western countries and in many other
parts of the world will still increase substantiatly yet. Some middle and east
European countries also realized substantial increases in gross national pro-
duct, e.g. the gross domestic product of the Visegrad countries {Czech
Repubtic, Hungary, Poland and Slovak Republic) increased by 4.0% in both
1994 and 1995 %, and by 4.5% in 1996 (Centraal Planbureau, 1995, p. 44).
The expected future income growth in Western countries creates only modest
opportunities for a volume increase of per capita food demand, because of
low income elasticities of demand. The Dutch Planning Bureau (Centraal
Planbureau, 1992, p. 160} projected an annual increase in food consumption
in the Netherlands of between 1.6-2.6% for the period 1991-2015.

Food sales in a country not only depend on average per capita disposa-
ble income, but also on income distribution. In fact, it is argued that inco-
me distribution in many Western countries is becoming more skewed. While
there is a large number of consumers who earn substantial incomes in hoom-
ing Western economies, the number of low income consumers, such as
unemployed people, immigrants and single mothers, is increasing. Greater
income inequality increases opportunities for market segmentation in food
marketing, such as by providing price canscious consumers with low prices
or by providing quality conscious consumers with high quality products.

Another change in the economic environment of food marketing systems is
the shift away from government intervention towards the primacy of the
market. This is reflected in changing agricultural policies. This point will be
elaborated further in our discussion of the political environment.

Demographic enviranment

The EU population is expected to increase only slightly in the period 1995 to
2000, from 371.5 million to 375.0 million, and is projected to decrease in
the first half of the next century, to 3372.3 million by 2050 (Euromonitor,
1997, p. 128). This stability {albeit with a slight decrease in population size),
reinforces the tendency towards saturation in EU food markets. However, the
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total world population is expected to grow substantially from 5.7 billien in
1995 to 8.1 billion by 2025 (Bos et al., 1994), which will stimulate global
food demand considerably.

Another impartant demographic development is a greying population:
while in the period 1990 - 1995 the EU population increased from 365.7 mil-
lion to 371.5 million, the number of persons aged 65 years and over incre-
ased from 52.7 million to 56.0 millien {Euromonitor, 1997, p, 123, 128).

Studies in the United States suggest that there is no fundamental diffe-
rence between the food consumption pattern of elderly people and of other
consumers, except that they normally have a lower and less nutritious food
intake and that they need less energy (Senauer, 1991). In the Netherlands
the intake of calcium and phosphate by elderly people has been lower than
the recommended quantities {Westenbrink, et al., 1989). The greater need
of elderly people for food products accompanied by services, both in the
stage of purchasing and of preparation, is also important.

Other demographic developments in the EU which are relevant to food mar-
keting systems include smaller families, better education and an increasing-
ly multiracial society.

The trend towards smaller families, where both partners have a job, sti-
mulates the demand for convenience and ‘away from home” consumption. In
1991 expenditure on ‘away from home’ consumption in the EU was highest
in Mediterranean countries: per capita expenditure on ‘away from home’
consumption in 1991 amounted te $760 in Spain, $600 in France and Italy
and $460 in Germany and United Kingdom (quoted from Euromonitor by
Gaasbeek, 1996, p. 9,10). However, it appears that expenditure on snacks
and fast food is higher in Germany and the UK than in Mediterranean coun-
tries. The Mediterranean consumers owe their leading position in ‘away from
home" consumption to frequent visits to restaurants and hotels. European
markets for fast food and takeaway meals are expanding.

1t has also been observed that per capita consumption of fresh products
such as milk, eggs, and potatoes, is negatively correlated with household size,
Whether this is the consequence of a higher consumption level or the conse-
quence of more waste is not yet clear (De Hoog, 1992). Food marketing sys-
tems respond to the trend toward smaller households, where both partners
have a job, by providing better services such as smaller packages and more
attractive opening hours of shops, The mushrooming of fast food restaurants
in Western countries is also related to demographic developments,

Peaple are becoming better educated. For instance, while 22,7 % of the
bread winners of Dutch households had at least high school education in
1983, this figure increased to 31.4% in 1996 (AGB, 1992; GFK, 1996). As a
result, consumers are better equipped to understand and integrate informa-
tion from commercial and nan-commercial sources. However, there is not
necessarily a strong correlation between education and food consumption
behaviour. For instance, no consistent relationship was found between the
level of education and guality consciousness with respect to meat consump-
tion (Steenkamp, 1989).
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An important demographic development in Western Europe is that society is
becoming increasingly multiracial, at least in the big cities. This develop-
ment stimulates variety in food supply. It increases opportunities for ethnic
food marketing.

Social environment

Socio-cultural changes in the EU which are relevant for foed consumption
are substantial. Heilig (1993, p. 81) draws attention to three major trends
in food preferences, which are related to changing values and life styles: the
replacement of simple traditional dishes prepared from raw products in the
household with refined, industrially produced food; the disappearing sea-
sonal cycle in food consumption and a trend towards ‘exotic’ food. Future
changes in values and lifestyles will have a great impact on food consump-
tion. Popcorn (1992) suggested social trends for the US economy, which
seem relevant for the Western food consumer too: cashing out, cocooning,
down-ageing, economics, fantasy adventure, 99 lives, save our society
(5.0.5.), small indulgences, staying alive, and the vigilante consumer,
‘Fantasy adventure’ refers to oppartunities for emotional values in food pro-
ducts {exotic food, regional products), ‘99 lives’ refers to the fact that con-
sumers like to have a range of foods available which fit specific consumption
situations. The ‘5.0.5." trend stimulates the need for sustainably produced
foad, ‘small indulgences’ offer opportunities for delicatessen and speciality
foods, ‘staying alive’ fosters consumer interest in healthy foad, and the
‘vigilante consumer’ requires good quality and safe food.

We will discuss two elements of the changing social environment of food
marketing systems, namely changes in vatues and changes in life styles.
These seem particularly relevant to innovation in food marketing systems,

Changes in values

Values are the mental representations of important life goals that consumers
are trying to achieve. Rokeach (1973) makes a distinction between terminal
values, the preferred end state of being (e.q. freedom, self-respect, happiness)
and instrumental values, cognitive representations of preferred modes of con-
duct or behaviour (e.g. competent, courteous, self-reliant) (see Table 2.2).

Various studies have been made of the value systems of European consu-
mers. One study observed much similarity in the ranking of terminal values:
happiness, nice family, a world of peace and true friendship ranked highest
in the Netherlands, Great Britain, Germany and Italy. Interestingly there was
a substantial difference in the ranking of the value ‘a beautiful world’: 9th
in the Netherlands, 6th in Germany, 9th in Italy and lower than 10th in Great
Britain (De Waard, 1990, as quoted by Steenkamp, 1992, p. 14).

Discussing changing values in Western civilization, Plummer arques that the
setf-fulfilment ethic, better quality of life, and ‘wark to live’ are of increasing
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Instrumental Values
(Preferred modes of behavior}

Terminal Values
{Preferred end states of being)

Competence Social Harmony
Compassion Personal Gratification
Sodiality Self-actualization
Integrity Security

Love and Affection

Personal contentedness

Source: Rokeach {1973) as quoted by Peter and Qison (1993, p. 98)

importance {Plummer, as quoted Dy Engel et al. 1995, p. 627). Increasing
importance of these values influences consumers’ perception and evaluation
of preduct and preduction systems, in particular the impartance of sustai-
nability (animal welfare, food safety, package waste and manure problems)
in product evaluation. Consumers do not only demonstrate their environ-
mental concern by their food consumption behaviour, but also articulate
their concern by joining consumers’ groups and environmental lobbies (e.g.
Rifkin, 1992). The impact of these groups on environmentally friendly food
production and marketing is substantial.

Understanding the impact of values on food consumption is important for
marketing strategy. A model which centres on the relationship between valu-
es and product characteristics is the means-end chain model. According to
Peter and Olson {1993, p. 100): ‘Researchers have developed several means-
end chain models of consumers’ knowledge structure, Despite different ter-
minalogy, each model includes the three levels of product meaning discus-
sed ahove - knawledge about attributes, consequences (benefits or risks),
and values, Each means-end model proposes that consumers form meaning-
ful associations that link product attributes with consequences and values.’

Attributes Consequences Values

Many means-end chain analyses have been made for food products (e.g. van
den Abeele, 1992),

Changes in life styles

Life styles, a summary construct defined as ‘patterns in which people live and
spend time and money’ (Engel, et al., 1995, p. 449), are related to con-
sumption patterns. While values are relatively enduring, life styles change
more rapidly (Engel, et al., 1995, p. 449}. They are measured on the basis of
activities, interests and opinions of people. Food-related (ife styles have
been analysed in some detail. for instance, it has heen reported that the
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company General Foods identified a segment of health-conscious cansumers
and repositioned its Sanka brand of decaffeinated coffee towards that group
of consumers (Engel, et al., 1995, p. 454). Recently research has been done
by Grunert et al. on food related life styles, defined as: ‘...non-product spe-
cific traits of peaple's purchasing motives, quality aspects, shopping habits,
cooking methods, and consumption situations with regard to food.’
(Grunert, et al. 1996, p. 49). On the basis of data from France, Germany and
Great Britain these authors differentiated seven food-related life styles: the
uninvolved food consumer, the careiess food cansumer, the moderate food
consumer, the conservative food consumer, the rational foed consumer, the
hedonistic food consumer, the adventurous foed consumer. The French con-
sumer appeared to be a more hedonistic, and uninvolved or careless consu-
mer, and the adventurous consumer was more important in Germany and
Great Britain (Grunert, et al., op. ¢t.).

Fischler {1993, p. #8) summarized socio-cultural trends in food consumption:
‘The socio-cultural context of cutinary systems ...which traditionally determi-
ned what should be eaten, by whom, and when, has rapidly changed. Social
norms are eroding or loosening. In all developed countries, market research
shows the existence of a trend towards apparently unstructured food intake.
In France, for instance, in a growing part of the population, the structure of
the traditional food pattern tends to become less constraining (length of
meals, number of dishes, snacking, skipping courses or meals, etc.).’

These socio-cultural changes create opportunities for and threats to the food
marketing system. They stimulate new product development, repositioning
of products and the addition of services with the product.

Political environment

The following changes in the political environment of the food marketing
system seem important for marketing strategies: (a) more open interna-
tional markets; (b) decreasing government support to agriculture; and (c)
increasing concern of government about environment and health issues.

a) The rules to which member countries of the GATT are committed by the
Uruguay Round, concluded in December 1993, lead to more open world
markets. The main commitments are (see Anania, 1997, p. 162):

- reduction of market intervention (measured by an Aggregate Measure
of Support) by 20% aver the six-year implementation period;

- improved market access through replacement of non-tariff barriers
by “equivalent’ tariffs, and through reduction of the tariff's unweigh-
ted average by at least 36% within a period of six years;

- reduction of subsidised exports by 21% and reduction of the subsidy
expenditure by 36% over a period of six years up till 2001.

b) Total Common Agricultural Policy (CAP)-related expenditure amounted to
about 40 billion ECU in 1995, within an overall budget of about 75 bil-
tion ECU. The agricultural expenditure of the EU is criticized by some
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member states because of the excessive costs of the CAP.

The CAP reform of 1992, the ‘MacSharry’ reform, consisted of three
parts: a reduction of the market intervention price for cereals hy approxi-
mately 30 %, combined with compensatory income support payments
per ha; a 15 % reduction in the market intervention price for beef within
three years; a number of accompanying measures related to environ-
mentally friendly production, afforestation of farm land and early retire-
ment schemes {SER, 1946).

The costs of CAP will, other things remaining equol, increase as a
result of the forthcoming EU membership of some middle and east
Eurapean states. As a result, more changes are in the offing and the CAP
will probably shift further from market intervention to income support.
Total agricultural expenditures of the CAP are projected by the European
Commission to increase from 43.3 million ECU in 1990, to 50.0 billion
ECU in 2005 (Commissie van de Europese Gemeenschappen, 1997, p. 95).

¢) Governments are becoming increasingly concerned about the sustainabi-
lity of the physical environment and the viability of rural areas.
Agricultural policies are comptemented by rural and environmental poli-
cies, Environmental policies of governments comprise constraints to pro-
duction and marketing (environmental rights), eco-taxes, environmental
covenants, and eco-labelling programmes. There is no one way solution
for environmental problems. Many governments combine different types
of palicies: ‘push strategies” which stimulate businesses to pursue envi-
ronmentally friendly methods of production and marketing; ‘pull strate-
gies’ which stimulate consumers to search for environmentally friendly
products and “interface strategies’ which try to make market supply more
transparent with respect to envireanmental friendliness.

Physical environment

The degradation of the ecological environment is a societal problem, which
is relevant to agriculture, the food industry and society at large. Many con-
sumers are aware of environmental problems, but are not knowledgeable in
this respect, let alone behave in an environmentally friendly way. Cansumers
cannot distinguish the environmental friendliness of a product as such. It is
a ‘credence’ attribute which has to be differentiated in the market by infor-
mation provided with the product (such as by a label or a type of shop).
Since environmental friendliness offers no hedonistic utility, but satisfaction
from socially responsible behaviour, this attribute is difficult to market.
However, consumers appreciate environmental friendliness also, since this
product attribute is perceived to be associated with animal friendliness and
health {Oude Ophuis, 1992, p. 37) Limited consumer awareness and appre-
ciation of environmental friendliness of food products makes the prometion
of environmentally friendly behaviour by censumer groups and by environ-
mental lobbies important.

In this context it should be noted that environmental friendliness is not
only difficult to evaluate for consumers but alse for experts, Experts some-
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times have different opinions about the urgency of environmental problems,
such as global warming, and about the methodology of measuring environ-
mental problems, e.g. life cycle analysis {e.g. Guinée, et al., 1993, as quo-
ted in Simmons, p.254). Simmons (1996, p 252) argues: ‘..environmental
probiems cannot be defined exclusively in terms of objective physical pro-
cesses. Just as they have their origins in particular patterns of social activi-
ty, so their significance and meaning for us is socially negotiated. The ‘envi-
ronment’ is no longer something external to society but is, in a very real
sense, implicated in the complex patterns of sociat and economic activity in
which we engage.’

Ecological aspects are particularly important for specific food marketing sys-
tems, such as the production and marketing of pigs and poultry. The wave of
biotechnalogical inventions has also triggered discussion about the sustai-
nability of food marketing systems.

Technological environment

During the past fifty years food marketing systems have experienced a great
many innovations, both process and preduct innovations, Technalogical
developments are expected to change future food marketing systems a great
deal. New findings in the fields of information technology (IT), computer
science, biotechnology, and transportation methods will be introduced into
the food marketing system. Key areas in foed preservation and processing
include irradiation, micro filtration, microwave pasteurisation, extrusion
cocking and high-pressure processing. In addition, biotechnology offers a
new spectrum of epportunities. A major packaging trend is packaging under
modified and controlled atmosphere, preferably using recyclable or biode-
gradable materials.

These technological developments create opportunities for new products
and services, and are instrumental in decreasing marketing and production
costs. Advances in information technology will also improve the speed and
precision of exchange processes. New exchange methods, such as marketing
through the Internet, will emerge. Computerization of production and logisti-
cal processes will further reduce production and marketing costs and increase
the flexibility of food marketing systems, Advances in biotechnology enlarge
opportunities for new products which fit specific needs, e.g. with respect to
health and environment. However, many European consumers (or at least
consumer groups) seem to be suspicious about the health characteristics of
food produced by modern bictechnological methads. The enormous potential
of new technologies in food preservation, processing and packaging have to
be analysed, taking inte account relations with the consumer and the market
structure (Viaene & Gellynck, 1996}, It is of major importance to the food
industry that consumer resistance and prejudice concerning innovation be
overcome. It is vital to know whether a technologically new food product or
packaging responds to consumers’ needs ar will be accepted by the consumer
in order to determine its economic feasibility. A major task lies in closing the
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communication gap between the scientist, technologist, and the consumer.
The technological know-how has to be translated in understandable and
acceptable terms for the consumer. The consumer has to be able to make choi-
ces based on credible and widely available information.

Changing actors in the food marketing system

Changes of actors in food marketing systems are to a large extent a respon-
se to a changing environment. Food marketing systems are also changing
because of autonomous developments of actors themselves: companies
invent new technologies and concepts which are transformed into pro-
duct/process innovations in the food marketing system.

There is a great diversity of actors in Western food marketing systems.
Nevertheless many actars show similar developments. An important one is
the move towards consumer arientation. Therefore we start our discussion of
actors in the food marketing system with the food retailer, being nearest to
the consumer,

Food retailers

Trends in European food retailing since World War II basically concern the
effectiveness and efficiency of policies, processes and organizations.

Effectiveness of food retailers: marketing poticies

Food retail companies have become more market oriented. They are incre-
asingly concerned with how to serve customers best through specific marke-
ting policies. The width and depth of the product assortment are the cor-
nerstone of the marketing policy of a food retailer. This marketing policy is
reflected in the type of store, such as supermarket, hypermarket, speciality
shop or discount store (see Figure 2.3).

WIDTH 1= spediality shop
Wide = i
2= discount shop
3= traditional supermarket
4= discount oriented
market stall
&= hypermarket

DEPTH 6= quality oriented
Deep shallow hypermarket

Narrow
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Decisions with respect to the assortment, and its ‘width and depth’, have
implications for other marketing instruments, such as price, promotion,
location and opening hours. For instance, the wide and shallow assortment
of discount stores goes along with a low retail price. The policy of a narrow
and deep assortment by speciality shops leads to high retail prices.

Targeting of specific market segments, such as ’hurried consumers’ or
‘price-conscious consumers’, is a core element of many retailers’ strategies.
Positioning vis-a-vis competitors in the target market has become a strategic
issue too,

Food retailers are canstantly searching for new products and services,
and adapt to changing markets. Options include longer opening hours, deli-
very at home, selling prepared meals and a location at convenient spots
(e.g. petrol stations).

While mass distribution by supermarkets has become the dominant type
of food retailing, the speciality shop has expanded to comptement mass dis-
tribution by supermarkets. The increasing attention paid by food retailers to
fresh produce is often implemented by setting up shops within the shop,
which carry wide and sometimes even deep assortments. In this way retail-
ers respond to consumer demand for the convenience of one-stop shopping
and to the need for quality and variety.

Retailers benefit from new opportunities by introducing innovative retail
formulas. Recent developments include home-delivery, drive-ins, automatic
faod dispensers, food shops in petrol and railway stations. These new distri-
bution formulas offer a wide variety of choices and respond to the demand
for availability of food wherever and whenever the consumer wishes,

Although retailing through the Internet is still at a very early stage in
Europe, it is expected to have potential for the future. The consumer is also
beceming increasingly familiar with technology, which offers new opportu-
nities for technology-based in-store promotions and advertising.

Efficiency of food retailing; efficient logistics

Retail costs per unit of product will (other things remaining equal) increase
when assartments are broadened and services are increased. Consequently
the shift towards larger supermarkets is reinforcing the efficiency drive of
supermarkets, Low price strategies, such as discounting, also stimulate effi-
ciency and the search for low purchase prices by food retailers.

Efficiency improvements in foed retailing are in particular pursued by
logistical planning. The paramount importance of logistical efficiency is
obvious in view of the large number of items per store and the number of
outlets per food chain. Aldi have about 600 lines, Warehause clubs typically
about 3500, Carrefour about 5000 grocery lines, Casino about 9000,
Sainsbury and Tesco stores between 10,000 and 20,000 lines (Corstjens and
Corstjens, 1995, p. 197). Albert Heijn, a food chain of the Dutch helding
Ahold, had 665 stores in 1997. Minimizing inventory costs, e.g. by conver-
ting storage floor space in supermarkets to sales floor space, by efficient
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transport routing, standardization of pallets and package size are devices to
improve logistical efficiency. Technological innovations are helpful in this
respect. For instance, advances in Information Technology, such as the use
of bar-cades, scanning at check-outs and electronic data interchange have
contributed to efficient sales manitoring and ordering processes,

In logistical planning, concepts and models such as Just in Time (JIT),
and route planning models contribute to higher efficiency. Logistical efforts
of food retailers have decreased the lead time from supplier to food store
substantially. (Table 2.3)

Leadtime Supplier/BC DL/Store

Past 120-48 hours 48-36 hours
Present 48-24 hours 18-12 hours
Future 12- 4 hours 18- 4 hours

Source: Willemse, J.N. {1996)

Logistical costs have also decreased through centracting-out of logistical
functions. This is particularly the case in the UK, where already in 1989 spe-
cialist contractors were responsible for about 44% of retail logistics for gro-
cery multiples (Cooper, et al., 1994, p.114).

Low purchase prices are an important ingredient of a low-cost retail strate-
ay. The strong bargaining power of retail chains vis-a-vis suppliers is impor-
tant in this respect. In fact, food retail chains have substantial bargaining
power hecause:

Company Listing Turnover Netincome Mkt cap.
bilionUS$ millionUS$ billionUS $

Metro 1 Germany 31.19 235.72 4.97
Carrefour France 27.82 680.17 13.13
Promodas France 19.24 192.74 4.76
Karstadt Germany 17.51 123.01 3.09
J. Sainshbury UK 17.15 808.61 10.47
Ahotd Netherlands 16.86 238.27 6.22
Tesco 1] 4 15.25 573.8 9.11
P'Printemps France 14.97 290.46 6.81
Casino France 12.33 121.76 2.41

1 formerly Asko and Kaufhof
Source: Poole (1997, p. 8) Adapted from Financial Times (1996a)
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s food retail chains have become big companies purchasing products in
oligopsonistic markets. As a result they are attractive clients for food
manufacturers.

In some cases concentration of purchasing by retail chains has been

even extended to international alliances of retail companies, such as the

German group Gedelfi, consisting of the chains DAGAB, Spar, Karstadt,

Allkauf, Norma and Unigro (Patt, 1993, p. 86).

e there is a surplus of production capacity in Western agriculture and food
industry. The CAP of the EU has stimulated production. Notwithstanding
the production limitation by quota (milk, sugar), and the recent shift
from market support to income support, there is stilt productive over-
capacity. In the discussion paper of the European commission for the
year 2000 it is argued that overproduction in agricutture should be furt-
her decreased by reducing price support (Commissie van de Europese
Gemeenschappen, 1997).

» most food producers supply products to the market which are only to a
limited extent unique. Many innovations are modifications of existing
products. Competitors imitate successful products before long. As a
result food retail chains can select from a great many alternatives.

In view of the strong bargaining power of retail chains it is extremely impor-

tant for food manufacturers to build a close relationship with food retailers.

The Food Marketing Institute argues that this relationship should be guided

by the following principles: ‘Focus on providing better value to consu-

mers,...Move from win/lose to win/win...Develop accurate and timely infor-
mation....Maximize value-adding processes....Develop a common and con-
sistent performance and reward system.... ECR (Efficient Consumer

Response) has become an important concept to frame the relationship

between supplier and food retailers. The cost and finangial savings to be

made by ECR are categorized as efficient assortment, efficient replenish-
ment, efficient promotion, and efficdent product introduction (Kahn and

McAlister, 1997, p. 64, 66).

The market share of own brands is steadily increasing. While own brands
in leading UK food chains, such as Sainsbury, Tesco and Marks and Spencer,
already accounted for more than 50% of total turnover in 1991, this figure
was still substantially lower in other West European countries {quoted by
Corstjens and Corstjens, op. cit., p. 146, 149), Own brands increasingly
dominate in many generic food and beverage categories. Own brands are
lower priced, but nevertheless, because of low purchasing costs, carry
attractive margins far retailers. While in the past own brands were intradu-
ced as the cheap alternative to many cheap producer brands, there is cur-
rently a growing tendency to position these as products of good quality,
which are cheaper than natienal brands.

Figure 2.4 (Datamonitor, 1996) indicates how the market share of retailer
brands in the food market increased during the period 1975-1995,
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Organisation of food retailing: institutional dynamics

A dynamic organisational structure is also a characteristic of modern food
retailing. Food retailing has shifted from small independent outlets, groce-
ry stores, greengrocers, butchers’ shops or bakeries to large food chains.
During the period 1984 - 1994, large and middle-sized distribution chains
{both big retail companies and voluntary chains) continuously increased
their market share in many Western countries. This increase in market share
is at the expense of the market share of the small independent and tradi-
tional shops, whose share in the retail market decreased, e.g. the market
share of small independents and traditional shops in Belgium decreased
from 19.2% in 1984 to 12.1% in 1994, while the market share of the two lar-
gest food retail groups (GIB and Delhaize) increased from 31% in 1982 to
about 50% in 1996.

The dominant type of enterprise in food retailing has become the food
chain operating in national and international markets. Some food retail
chains are in turn a member of a holding company which owns different
types of retail chains, sometimes even other types of business. A minor
group of small independents remains competitive as speciality shaps.

Wholesaler sponsored voluntary chains, such as Spar, have become important
in food retailing: independent food retailers often have a contractually bin-
ding relationship with a food wholesaler. This relationship between inde-
pendent retailers and a wholesaler combines the advantages of central plan--
ning and purchasing by the wholesaler with the personal motivatien of
retailers who own their store. In some instances policies of wholesaler and
retailers have not been coordinated sufficiently to make voluntary food
chains competitive.

Other independent food retailers have joined a retailer-sponsored volun-
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tary chain, in order to compete with large food chains, In this type of vol-

untary chain retailers not only cooperate in purchasing but also in marke-

ting strategy and management.

Still other independents have joined a franchise organization in order to
survive, A franchise organization consists of:

* a franchiser, e.g. McDonald's which owns a franchise concept in fast-food
selling, or a big retail chain which owns a franchise concept in mass foed
retailing.

¢ franchisees, independent entrepreneurs who lease the franchise concept.

Franchisers select franchisees on the basis of criteria which are related to

the sales potential of the franchisee, such as location of the outlet and

managerial capacities of the franchisee. Franchise contracts specify marke-
ting and management procedures to be implemented by the franchisee,
These include the product assortment, price level, service, store atmosphe-
re and trade name. Franchisees pay an entrance fee and royalties to the fran-
chiser. A precise specification of the relationship is very helpful to position

a franchise organization in its target market.

Consumer cooperatives in food retailing, which started in Rochdale UK in
1844, are still important in Scandinavia and in Switzerland and Italy, but are
only of miner importance in many other European countries.

Internationatisation, both international expansion of retail companies
and international purchasing agreements through buying groups and allian-
tes, is another organisational feature of modern food retailing. Retail chains
such as Aldi {Germany), Intermarché (France), Marks & Spencer (U.K.),
Delhaize (Belgium) and Ahold (Netherlands) have internationalized sub-
stantially. This process reinfarces competition in food retailing.

Food manufacturers

The size of the EU food, drink and tebacco industry is substantial. Its growth
rate, however, is decreasing (Table 2.5).

1980 1985 1990 1992 1993 annual  forecast
change  annual
(%) (%)
1983-1988 1988-1992 1993-1997

Production 256 338 412 454 456 3.2 3.0 1.5
Exports to

outside U N.A. 25 25 28 25 23 4.2 3.5
Trade

balance 1 4 5 7 5

Apparent

consumption 255 334 407 447 452 2.1 3.0 1.5

Source: Heifbroek, et al. 1995, p. 25
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In 1988 linda (1988, p.130) characterized the European food industry as
follows: () widely diversified, this process having dramatically accelerated
since 1980; (b) diversification may take place in the form of product exten-
sions, limited to a single geographical area. ... more frequently the main
objective is to enter a spatially distinct market geographic diversification; it
is more appropriate to speak of a functional diversification process propel-
led by multiple interdependent industrial commercial and financial factors;
(c) diversification is the only reliable and practical means for increasing the
size as well as the global power of the firm; {d) in the present world of glo-
bal competition research and development is the real engine of competitive
performance and growth. As a matter of fact, R&D is increasingly converging
and commonly orientated, since it is possible and even economically neces-
sary to split up the R&D output between a wide and growing number of mar-
ket sectors and countries; (e) with respect to the performance of food manu-
facturing firms, it is evident that they are highly connected with the com-
petitiveness of market structures, the retailing and distributive netwarks.’

Mergers, joint companies and new ventures in the food manufacturing indus-
tries represent the means for materializing the diversification process. Linda
{1988, p. 143, 144) distinguished different degrees of diversification: (a)
monosectoral firms dealing either in foods or in drinks only; (b) food and
drinks conglomerates; (¢} mega firms which are “distribution and services’
orientated; (d) Polycentric groups. Their growth is based upon two or more
‘poles’ of diversified activity, one of which is food and/or drink manufacturing.

About ten years later, in 1997, it looks as if the trend towards diversification
is being reversed. Companies are increasingly focusing on core competencies
and expanding in international markets. For instance, the Anglo-Dutch mul-
tinational Unilever shed its chemical activities and is concentrating on food
and human-care products. The Dutch company Nutricia is focusing on baby-
and health foods in international markets, The UK holding Hillsdown specia-
lises in chilled food production.

1t looks as if such developments will lead to further concentration wit-
hin the food industry but this is not clear yet. The top 100 food companies
in Europe had a turnover of 350 billion dollars in 1993, representing 62% of
total production in the industry and the 15 largest had a market share of
over 31% (Heijbroek, et al., 1995, p. 25). A recent study concludes, *...tales
of a structural revolution in the food industry are exaggerated. ...In fact, we
have found it in only two countries, Denmark and the Netherlands, and in a
small number of subsectors...” {Gilpin, et al., 1997, p. 21).

Internationalisation of the food industry is continuing. Food companies,
such as Danone, Nestlé and Unilever have already been operating on an
international scale for a long time. Today, companies which have tradition-
ally set up their production plants and management facilities in the domes-
tic market are also steadily internationalizing businesses. A case in point are
dairy cooperatives, such as MD foods in Denmark, Sediaal in France, Campina
Melkunie in the Netherlands and Avonmare in Ireland.
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A characteristic of today's food industry is the importance of product innova-
tion. One indication of this is the fact that the world’s twenty leading manu-
facturers of packaged foods generated 28% of their current annual sales from
new products introduced in the previgus five years (Datamanitor, 1996).

The relationship of food companies with clients is intensified because of spe-
cific customer needs regarding products and services, While food companies
in the USA, such as Kraft Food and General Mills relied in the past on their
product quality and promotional skills, they now try to base their position in
the market on a close relationship with the customer in so-called customer
business teams (Kahn, McAlister, 1997, p. 79).

Out-sourcing, on the increase in many sectors, is also gaining importan-
ce in food manufacturing. Examples include the out-sourcing of {ogistical
operations and the out-sourcing of food component production by food com-
panies which produce ‘ready to eat’ meals.

Wholesale companies

Wholesalers traditionally perform important functions in food marketing
systems by ‘sorting out, accumulation, allocation, and assorting’, the ele-
ments of the sorting principle of Alderson (1957, p.195). Wholesale compa-
nies have adapted themselves to changes in the food marketing system. The
need for ‘sorting out’ and ‘accumulation’ has decreased because of concen-
tration and standardization in agricultural production. For instance, in egg
marketing there is no longer a need for an assembling wholesaler who col-
lects eggs from poultry farms since farm size has increased substantially. In
some sectors the whalesale functions of ‘allocation’ and ‘assorting’ have
been integrated by other channel actors, such as by food retail chains.

While losing business in some food marketing systems, wholesalers remain

important actors in many others. In particular, they play an important role

in markets for fresh produce and in markets with a heterogeneous product
supply, such as cattle markets, They have sometimes even strengthened their
market position, by responding appropriately to the market challenges.

Types of evolution in wholesaling are:

s hig wholesale companies, which buy and sell at an internatianal, some-
times global scale. Their core competencies are market knowledge, inter-
national or even global relational networks and logistical capacities.
They profit from more open international markets. Globally operating
grain merchants are a case in point.

o wholesale companies, which have a special relationship with their sup-
pliers can be an attractive marketing partner hecause of their market
knowledge and their logistical capacities, Food brokers and agents ope-
rating on behalf of a foreign food company are examples.

¢ wholesale companies specialising in specific aspects of the exchange
process, such as cash and carry wholesalers. Cash and carry wholesalers
operate in the food trade, e.g. Makro, but also in the flower trade.
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» wholesale companies which differentiate themselves by superior quality
and/or services, sometimes even by own brands. This type of wholesaling
is important in the wine and cheese trade.

o wholesale companies with both forward and backward linkages in the
food marketing system. Wholesaler sponsored voluntary chains already
mentioned before, are an example of forward integration by wholesalers.

Farmers

The trends in West European agriculture are specialisation and concentra-
tion, The number of farms is steadily decreasing and farm size is increasing.
farmers specialize in milk production, pig raising, broiler production or flo-
wer growing. Specialisation is stimulated by economies of scale in produc-
tion. This is accompanied by concentration into larger farms. The degree of
specialisation and concentration in farming varies between countries and
regions. The trend seems important in specific parts of Europe, such as the
Benelux countries, some parts of Germany, Italy, and France, whereas other
parts of Europe, such as the Alpine regions, are still characterized by small
mixed farms.

Since family farms are often too small to develop individual marketing poli-
cies, they often join marketing cooperatives or build special relationships
with wholesalers, food manufacturers or retailers, At present these relations-
hips are becoming increasingly based on the market orientation of farmers,
Societal concern about the viability of rural communities and about ecologi-
cal problems caused by modern agricultural practices have stimulated inte-
rest in organic farming. In view of the limited size of organic farming, mar-
keting of ecological and regional products is still a niche operation in many
European countries.

Specific marketing institutions

In some food marketing systems specialised marketing institutions operate
which perform specific marketing functions, such as price discovery, or even
the total marketing operation for an agricultural/food product on behalf of
a group of farmers.

» Auctions contribute to the price discovery process in agricultural mar-
kets. Dutch auctions (auction starts at an offer price higher than any
bidder is willing to pay and which is lowered until a bidder accepts the
offer} are used in markets for fresh horticultural products, flowers, fruits
and vegetables and fish, English auctions (auctions start at a low offer
price; bids are publicly made; a bidder who makes the highest bid recei-
ves the offer) are used for selling other products including cattle.
Auctions also fulfil an important logistical function by concentrating
physical supply and demand.

Product differentiation and relationship-marketing diminish opportuni-
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ties for selling through auctions since no special relationship between
supplier and buyer can be developed. On the other hand, better commu-
nication facilities increase the accessibility of the auction process, and
therefore the opportunity for auctioning a standardized product at an
international scale.

¢ Futures markets have been popular in the US for a long time as a mecha-
nism for hedging price risks for commodities such as corn, soybeans and
wheat. Commodity futures exchanges are, as yet, of limited importance
in European food marketing systems. Various developments in European
food marketing systems may stimulate the interest in commodity futures
trading:

- larger, more specialized farms whose income depends on one pro-
duct and which operate tn more open markets and receive less price
support from the CAP.

- larger food companies, which are concerned about price risks in pur-
chasing agncultural inputs.

Futures markets have been started, or will start soon, in many European

countries, including Hungary, Germany and Spain.

¢ Various marketing institutions perform marketing of agricultural pro-
ducts on behalf of producers. Important institutions in this respect are
farmers’ cooperatives. In some countries the relevant Marketing Boards
market {or marketed) the product of a particular agricultural sector.

Cooperatives started out as organizations, which tried to improve farmers’
product prices by increasing the bargaining pawer of farmers, or by introdu-
cing better quality and quatity maintenance of food products. They are defi-
ned as user-owned and user-controlted businesses that distribute benefits
an the basis of use {Barton, 1989). Three concepts distinguish cooperatives
from other businesses: a) the user-owner principle: persons who own and
finance the cooperative are those that use it, b) the user-control principle:
control of the cooperative is by those who use the cooperative and c) the
user-benefits principle: benefits of the cooperative are distributed to its
users on the basis of their use. Cropp and Engelsbe (1989) indicate poten-
tial classifications of cooperatives based on functions performed, structural
arrangements, organizational or financial structure.

The shift towards market orientation in food marketing requires cooperatives
to adopt a customer oriented marketing policy. A cornerstone of such policy
is an agricultural supply of farmer-members which coincides with the marke-
ting concept of the cooperative processing or marketing company. Farmers’
willingness to invest in the cooperative, in particular in its markets and R&D
is also essential for the success of such a policy. Adoption of modern marke-
ting and management procedures by cooperatives influences the cooperative
structure. The following organizational changes, due to a number of factors
including the shift toward market orientation, can be cbserved:
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¢ increase in company size,

¢ quality of management improves and the rights and responsibilities of
top management are better defined;

¢ special financial structures are developed to generate the necessary risk-
bearing capital for the cooperative enterprise,

e same cooperatives have transformed their companies into limited com-
panies, whose shares, or at least 2 majority of shares, are in the hands
of the cooperative union/farmer-members.

These developments enhance a more rational and tess emotional relations-

hip between farmers, in particular young and modern farmers, and their

cooperative,

In various countries agricultural marketing boards and commodity boards
cantribute to the marketing of food and agricultural products of a sector.
Marketing boards which are responsible for the total marketing operation of
an agricuttural or food product are the exception rather than the rule in
Western countries. However, promotional boards which support the marke-
ting of generic food products have been set up in many European countries,
Sopexa in France and CMA in Germany are examples. Product differentiation
and large company size stimulate marketing efforts for the individual com-
pany brands at the expense of marketing efforts for the generic products of
a sectar. On the other hand, new marketing problems are emerging for some
food products, such as the poor image of meat, and these have to be tack-
led by marketing activities of the sector.

Market shares dairy  fruit & meat farm credit  grain

{%) vegetables inputs

Belgium 50 70-90 20-30 -
Denmark a3 20-25 66-93 64-59 87
Germany 55-60 60 30 50-60 - -
Greece 20 12-51 5-30 49
Spain 35 15-40 20 - - 20
France 49 35-50 27-88 50-60 - 75
Treland 100 - 30-70 70 69
Ttaly 8 41 10-15 15 - 15
Luxembourg 80 - 25-30 75-95 ~ 70
Netherlands 82 70-96 35 40-50 84

Austria %0 - 5@ - - 60
Portugal 83-9¢ 35 - - - -
Finland 94 - 68 40-60 34 -
Sweden 99 60 79-81 75 - 75
UK. 98 35-45 * 20 20-25 - 20

Source: Bekkum, O.F, van en G. van Dijk Eds., (1997, p. 29)
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Basic strategies of food marketing systems

Changes in the environment of food marketing systems and in major actors
of these systems have been discussed above. Many of these changes are rela-
ted to the shift of food marketing systems from selling commodities to mar-
keting differentiated products which suit the needs of a chosen target group.
Conditions which ensure the success of such a shift include market orienta-
tion and effective coordination of policies in the food marketing system, In
addition to these, some other strategic developments can be observed in
food marketing systems. They are briefly reviewed below,

Market orientation

Market arientation, “...the organization wide generation of market intelligen-
ce, pertaining to current and future customer needs, dissemination of the
intelligence across departments, and organization wide responsiveness to it’
(Kohli & Jaworski, 1990, p. 6, Grunert, et al., p.11), has become indispensable
in food marketing systems, since food markets have become buyers’ markets,
A market orientation implies first of ali that companies monitor and analyse
their target markets in a systematic way. In the past much information on
agricultural and foad markets was collected and disseminated for the generic
product, say butter or cheese. Since many companies in the food marketing
system are trying to differentiate their product, information on specific pro-
duct-market combinations has become a must. Markets are monitored on the
basis of factory sales, household panel data and/or retail panel data. Many
food companies use taste panels and do ‘ad hoc’ consumer research, Market
orientation of a company does not only imply systematic collection and pro-
cessing of market data, but alse effective dissemination of information to
decision makers. In particular, a good balance should be struck between kee-
ping decision makers informed and avoiding information overload,

Companies which are market oriented and have a well-organized market
information system (consisting of a data bank, statistical bank, model bank
and a retrieval system), are still scarce in food marketing systems (Grunert,
et al., 1996, 13-17, 247). Clearly, poor market information systems are not
unique to food marketing systems, but are a problem in many other indus-
tries too (Campen van, et al., 1991).

An essential element of market orientation is also that a company
responds effectively to market changes. Such responsiveness depends both
on the attitude of management and on the production and marketing capa-
cities of a company, all of which still require substantial improvement in food
marketing systems.

Policy coordination, chain strategies
Market orientation enhances companies’ ability to produce and market foods

and services which coincide with the needs and wants of specific target
groups. In order to serve the needs and wants of targeted consumer groups,
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the decision making of actors in the food marketing system has to be well-
coordinated. Coordination of supply and demand by market prices is often
not precise enough in present markets and additional coordination mecha-
nisms are used, such as ‘mutual adjustment, direct supervision, standardi-
zation of work processes, standardization of outputs, standardization of ski-
ls/knowledge, standardization of norms’ (Mintzberg, 1989; see for a condi-
se discussion: Douma and Schreuder, 1991, p. 37). The choice of a coordina-
tion mechanism depends on the transaction costs involved.

Coardination of policies in food marketing systems may lead to a joint stra-
tegy of two or more subseguent companies in the system, say ‘farmer plus
marketing cooperative” or ‘pig farmer plus slaughterhouse plus retailer’.
Such coordination can be implemented in different ways, for instance
through an informat or a contractual agreement. The distinction in the mar-
keting channel literature between administered, contractual and corporate
vertical marketing systems (see e.g. Stern, El-Ansary, 1992) has become
relevant for food marketing systems too. Chain marketing, i.e. coordinated
marketing policies of two or more subsequent companies in a marketing
channel vis-3-vis a third party on the basis of consumer orientation, has
become important in food marketing. In this cantext one should be aware of
a potentially too rigid coordination, which might prevent an alert response
to market opportunities and threats.

It should also be kept in mind that effective policy coordingtion does not
necessarily include all actors of a food marketing system. Coordination may
be restricted to specific stages of the channel, say a compound feed compa-
ny and a farmer. Coordination may also focus on specific flows in the chan-
nel, such as focusing on the physical product flow in logistical planning,

Quality orientation

Increase in food sales has to he achieved in Western countres through incre-
asing added value, such as higher nutritional value, better taste and more
convenience. Therefore ‘focusing” and “product differentiation’ seem better
strategies than ‘low cost production’. This message has been understood by
many food marketing systems but is not so easily implemented. It requires not
only changes in capacities and structure of a company but also in company
culture. Marketing strategies of companies should be based on a good know-
ledge of consumers’ quality orientation and quality perception (Steenkamp,
1989; Grunert, et al. 1996; Steenkamp and Van Trijp, 1996). Consumer ted
product development is a must (see Van Trijp and Steenkamp in this book),
Quality control in production and in logistical processes (see De Sitter in this
book) has become extremely important. Procedures, such as quality certifica-
tion, Integral Quality Care Programs, and Hazard Analysis of Critical Controt
Points (HACCP) are applied to maintain and guarantee product quality (see
chapters by Van Trijp and Steenkamp, Hoogland et al. in this book).

Product quality is also pursued by environmentally and animal friendly
production methods. At the moment there is only limited demand for envi-



Chapter 2

2.5.4

2.5.5

29

ronmentally friendly products, but it is steadily increasing. While there is
great variation per country and type of product, the market share of organic
food is in many Western countries betow 5% of total food consumption yet.
Differentiation of food products on the basis of region of origin is another
way of improving the food quality image. The EU has enhanced marketing of
regional products by giving some regions the exclusive right to market their
product under a specific regional label, e.g. Parmesan cheese. The hope is
that regional labels are instrumental in capitalizing on the unique features
of regional products.

Product differentiation by branding has a long tradition in food marke-
ting, such as in marketing groceries, margarine and coffee. Currently there
is growing interest in branding fresh produce too. Unfortunately, some basic
characteristics of a branded product, such as constant quality and stable pri-
tes, are more difficult to implement for fresh preduce than for groceries.
Quality control and quatity maintenance of branded fresh food might be
expensive and fluctuating prices might have a negative inftuence on consu-
mer loyalty to a branded fresh food product.

Innovation

In some food marketing systems, such as thase for dairy desserts, innava-
tion has become a basic characteristic of marketing strategy: product assort-
ments are renewed constantly, often by product modification. However, in
many foed companies, product innovation does not yet seem to be well inte-
grated in marketing strategies. Features of innovative strategies are market
arientation, product involvement, R&D quality, but in particular manage-
ment commitment (Traill and Grunert, 1997}. In many Western countries
R&D for agricultural products and - to a lesser extent - for food products
used to be a sector activity. Examples are government sponsored agricultur-
al research institutes, such as INRA in France, and industry sponsored
research institutes, such as the Dutch Dairy Research Institute (NIZO).
However, product development in food marketing systems is increasingly
becoming an activity of individual companies, while industry research insti-
tutes are focusing on basic and pre-competitive research,

Segmentation

Few food companies market products and services to the average food con-
sumer. Most companies go for market segmentation, serving groups of con-
sumers with specific but similar wants, needs and behaviour with respect to
a product or service: discount stares focus on price conscious consumers;
some food companies target health-oriented consumers; fast-food marke-
ting systems serve convenience-oriented consumers. These developments
refute the argument of Levitt (1983} that, driven by developments in tech-
nology and mass communication, consumers tend to develop homogeneous
preferences around the world. Researchers have also expressed their doubts
about this argument (Brunso, Grunert and Bredaht, 1996). In this context it
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must be kept in mind that the same person may belong to different market
segments, depending on the situation: someone may be convenience-orien-
ted during the week, but quality-oriented when entertaining guests.
Increasing interest is paid to the identification of national or cross-nation-
al consumer segments (Grunert et al., 1996, Steenkamp, 1992, 1997).

Small and medium-sized agribusinesses and farmers are also showing an
increasing interest in special products and consumer groups, such as ecolo-
gical food and regional products.

Internationalisation

International trade in food and agricultural products has a very long tradition.
It is currently becoming a commeon feature of food businesses in western
countries. Food marketing systems are becoming more concerned about their
international competitiveness. Factars which influence international competi-
tiveness are summarized by Porter (1990} as ‘Factor conditions, demand con-
ditions, related and supporting industries, firm strateqy, structure and rival-
ry’. The competitiveness of food marketing systems depends in particular on
natural conditions (climate, soil, etc.), factor costs, infrastructure, location,
production, marketing skills, and quality of entrepreneurship. The potential
impact of these factors on international competitiveness is influenced by
government measures, such as import duties and agricultural protection,
Internationalisation of food marketing systems is increasing for reasons revie-
wed already, such as the progress being made in the areas of IT, efficiency of
logistical systems and free trade, Also changes within the food marketing sys-
tem itself stimulate internationalization. For instance, as a result of concen-
tration in food retailing, big food retail chains have emerged which have the
purchasing power to search for food suppliers in international markets.

Market leadership

In various marketing theories market leadership is advocated as an attracti-
ve strategy. Portfolio-analysis carried out by the Boston Consulting Group
suggests that a Strategic Business Unit with a relative market share (market
share over the market share of the largest competitor) of less than one
should either quit the market (‘dogs’) or should invest in order to arrive at
a relative market share greater than one (known as ‘question marks’ or ‘pro-
bilem children®).

It has been argued that market leadership is also a desirable strategy for
food marketing systems. The advantages of such a strategy seem obvious. In
comparison to the competitors, a market leader has more experience with
products and markets and as a result profits more from ‘economies of scale’
in production, marketing and from customers’ feedback. A large production
volume may mean that a market leader is better placed to supply large buy-
ers and to develop national or international brands than his competitors.

The feasibility of market leadership as a strategy depends also on the cho-
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sen target market: can we do better than our competitors in a target market and
is that target substantial and durable? A number of producers often focus on
the same market-segment, say the market of fast-food consumers. In that case
a clear positioning in the target market is necessary to become a market leader,
It can be based on product quality, branding, service and price level. Being the
first supplier in 2 market is also helpful for becoming the market leader,

Re-engineering markets

Changing marketing strategies influence markets of foed and agricultural
products a great deal. Spot markets, where products are physically handled,
lose importance. Many local spot markets disappeared as a result of a decre-
asing need for assembling products from small farmers. The tendency
towards a closer marketing relationship between big food producer and big
retailer reduces the importance of spot markets too. However, (inter)nation-
al spat markets remain important for standardized agricultural commodities,
such as grains and potatoes, and for live animals (pigs, cattle), fish and
some horticuttural products. Spot markets are still attractive for products if
both the uncertainty or complexity and the asset specificity of transactions,
and consequently transaction costs, are low.

Spot markets also stay in business by improving the efficiency of the
exchange process. It is becoming easier to do business by electronic com-
munication without having the physical product at hand. Many spot markets
are acquiring a more international scope because of better communication
and logistical facilities.

Downstream in the marketing channel spot markets lose importance
since a close relationship between actors in the food marketing system, such
as between the food industry and food retailer, will be preferred over coor-
dination by market prices at spot markets,

Conclusions

« The proposed framework of food marketing systems appears to be a use-
ful instrument for the analysis of such systems.

e Our analysis demonstrates that environmental trends - economic, demo-
graphic, social, political, physical and technological - have a substantial
impact on food marketing systems. The interaction between different
trends, such as between economic and social trends on the one hand and
political trends on the other, is important in this context.

¢ Environmental trends are currently influencing food consumer behaviour
a great deal:

- food consumers place greater stress on value for money because of

changes in values, as a result of more preduct information and bet-

ter education respectively, Lack of meaningful value to the consumer
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leads to low product acceptance.

- the demand for convenience in shopping, cooking and consumption
is increasing because of changes in lifestyles and values.
Demographic changes, such as a smaller household size and more
women working outside the home are also important in this respect.

- consumer concern about health and sustainability is causing a gro-
wing interest in safe and sustainably produced food. Consumer
groups and environmental lobbies are strengthening this trend.

~ consumer appreciation of varety and an increasingly multiracial
Western society stimulate consumer demand for variety in the food
assortment on offer.

¢ Trends in the technological and political environments of food marketing

systems have created oppoertunities far new products and new processes.

In particular the following trends seem important:

- developments in IT have created new opportunities for collecting,
processing and disseminating information. These will lead to impro-
vements in the efficiency of food marketing systems, but also to hig-
her product quality and better quality maintenance.

- new processing technologies and breeding methods create opportu-
nities for product innovation. Consumers’ distrust of specific tech-
nologies, such as biotechnology, have become important aspects in
the product innovation process.

- while food markets in Western countries have become less regulated
because of changing EU policies and international trade agreements
(GATT/WTD), there is more government intervention in the spheres of
food preduction and marketing as a result of environmental problems.

The actors in the food marketing system have evolved into bigger com-
panies, which pay more attention to strategic issues, such as thefr mis-
sion and core competencies. Strategies such as market orientation, poli-
cy coordination, chain strategies, quality orientation, innovation, seg-
mentation, internationalisation and market leadership, have become
important in food marketing systems. Markets are being re-engineered
as a result of organisational changes and policy changes among the
actors of the food marketing system.

Changes in food marketing systems and their enviroanment create oppor-
tunities for new products and services. Innovation has become a strate-
gic issue of food marketing systems. In this respect it is important that
some consumers’ needs, such as the need for convenience and the need
for sustainably produced food, are not always compatible. It is expected
that advances in research methods and technology will diminish this
incompatibility of product attributes. However, more effort still needs to
be made on informing consumers about the positive features of new
technologies, such as bistechnology, which are regarded with suspicion
by a great many consumers.
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Consumer-oriented new product development:
principles and practice

J.C.M. van Trijp?
J.E.B.M. Steenkamp!

Introduction

For most companies, the introduction of successful new products is critical
to the achievement of the important long-term corporate strategic goals of
profitability and growth. US marketing managers indicated that they expec-
ted 40% of the company profit made in five years’ time would come from
preducts which are not currently on the market (Booz, Allen and Hamilton,
1682). Furthermore, over 25% of retail food sales in the US has been repor-
ted to consist of products introduced within the past five years (Hughes,
1994). New product development is recognized as one of the four basic
growth strategies in the Ansoff (1957) product-market expansion matrix.

The key reason behind this need to offer new products is to be found in
market turbulence on both the demand and supply sides. Consumer needs
are subject to change over time, as are the specific ways in which consumers
choose to satisfy these needs through the consumption of specific products
(‘demand’). At the aggregate level, these changes may occur as a result of
demographic, secic-econemic and cuttural changes in society, such as trends
towards smaller households, increased average age of the population, incre-
asing female participation in the tabour market and individualization. All of
these trends contribute to new and specific consumer needs that may be
satisfied through new products {e.q. Steenkamp, 1997).

Similar turbulence can be observed on the supply side of modern markets,
Technological progress {e.q. in the fields of information technology, biotech-
nology ete.) creates new cpportunities for products that could not previously
be produced. Also, retailers have gained more power in the distribution chan-
nel and have become more demanding. They typically require substantial pro-
duct innovations rather than ‘me-too” products (e.q. Kahn and McAlister,
1997). However, from a marketing perspective, the single most important dri-
ving force in new product development is distinction from competitors and
competitive new preduct development activity in particular. This competition
is increasing dramatically due to globalization of markets, As a consequence,
particularly markets that have reached a certain level of saturation have deve-
loped into true examples of buyer markets, where a fierce struggle for the
consumer'’s expenditure is taking place. Of course, consumers benefit from
this situation: they have gained enormous freedom in choice, which allows
them ta be particularly critical and demanding. This further stimutates com-
panies to develop new products which are finely tuned to dynamic and highly
critical consumer demands, so as to outperform competitors.

New product development (NPD) is not only an important but also very
risky activity for a company. This is best exemplified by the high percentage
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of failure in the NPD process. Due to confidentiality of information, it is dif-
ficult to reliably assess the true level of failure, but generally accepted per-
centages are as high as a third of all products actually launched in the mar-
ket and up to 75-80% of all new product ideas (Cooper, 1993; Kotler, 1994).
Clearly this is a highly undesirable situation, as NPD is a very time consu-
ming and costly process. The financial investments and the negative profits
at the introduction stage can only be earned back if the new product makes
it into the growth phase of the Product Life Cycle, where it starts to contri-
bute to the firm’s profits. The Righ failure percentages therefore render new
product success even more urgent, as successful new products should not
only recoup their own investments but also those of other, unsuccessful, new
products.

Given this dilemma between NPDs potential payaffs on the one hand and
its high risk on the gther, it is not surprising that the NPD process has recei-
ved considerable attention in the marketing and managerial literature (see
e.g. Hart, 1996 for an overview). Much can be learnt from the analyses of
the determinants of new products” success and failure in particular {e.g.
Craig and Hart, 1992) in order to improve future efforts. Cooper and
Kleinschmidt (1990) found unique superior product {e.g. better quality/ hig-
her usage value) to be the number one determinant af new product success.
A product with a high product advantage {as perceived by the consumer) was
found to have almost guaranteed market success. A well-defined product
concept prior to development was identified as another key success factor,
as were technological and market synergy, quality in execution at all stages,
and market attractiveness. Other studies (see e.g. Urban and Hauser, 1993;
Grunert et al., 1996) similarly distinguish between success factors that rela-
te to the consumer {innovative and differentiated new products that add
value as perceived by the intended consumer), the organizational embed-
ding (a structured NPD process for new products that fit the company's key
competencies and receiving support from top management), competition
(competitive activity, market turbulence, size, and attractiveness) and mar-
keting (accurate assessment of market size and desired positioning, and suf-
ficient support from distribution). Work by Ram and Sheth (1989) examines
consumer resistance to the adoption of innovations from a psychological
micro-perspective and identifies several barniers that may prevent acceptan-
ce of new product. They distinguish between resistance due to insufficient
added value (value barrier), incompatibility with current usage behaviours
(usage barriers) and traditions {tradition barrier), as well as perceived risks
associated with the adoption of the new product (risk barrier), and prejudi-
ces in terms of product image (image barriers). Their analysis shows that a
superior product is a necessary but sometimes insufficient condition for
market success. Product communication and pasitioning are important fac-
tors for increasing new product adoption and for overcoming potential bar-
rers to actual consumer acceptance.

The above leads us to the core of successful new product development, that
may be defined as: ‘how to optimally exploit one's technical capabilities for
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the fulfillment of carefully selected market opportunities’. This chapter will
elaborate on consumer oriented new product development by building on
and combining three approaches. First we will use Urban and Hauseris
{1993) analysis of the new product design process as a general descriptive
framework to illustrate the various components of consumer-oriented new
product development. Subsequently, we will turn to the ‘translation’ of iden-
tified consumer needs into requirements for technology and the supply
chain, using the concept of Quality Function Deployment (e.g. Hauser and
Clausing, 1988). Finally, we will use Steenkamp and Van Trijp's (1996)
(Quality Guidance approach as a means of operationalizing the House of
Quality for consumer grientation in new food product development.

General principles of consumer-oriented NPD

The key determinant of new product development success is the degree of fit
between the new product and consumer needs (Grunert et al., 1997). As a
consequence, consumer-oriented NPD takes consumer needs as the starting
point for the NPD process {primary demand) and the product and production
technology as a derivative thereof. In other words, the new product and its
production technology are not seen as a goal in and of themselves, but rat-
her as a means which is instrumental to the realization of consumer value
through need fulfillment (secondary demand). A useful way to operationali-
ze this philosephy is in terms of means-end theory. Figure 3.1 s a graphical
representation of the idea.

The ‘ends’ on the left hand side of Figure 3.1 represent the consumers’ reas-
ons for preduct consumption. This reflects a thought basic to the marketing
literature since Lancaster’s {1966) New Consumer Theory, namely that con-
sumers do not value products per se, but rather the benefits that these pro-
ducts provide upon consumption. Different consumers may desire different
benefits (e.q. Haley, 1968) and this largely depends on the consumer’s value
structure {Gutman, 1982}. In their turn, benefits are means for value achie-
vement (Audenaert and Steenkamp, 1997).

Technology
{R&D)
Improved Superior Unigue
value |+ benefit |« attribute |
achievement] delivery perception |”
Communicaticn
(marketing)
M. ENDS---===--- Patoemo-- MEANS--=~~=~-«- >
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Identification of the benefits that consumers deem important is thus a
key input to the NPD process. The new product is a bundle of concrete attri-
butes that the company offers as vehicle for superior benefit delivery. These
mate concrete attribute perceptions may be delivered through superior pro-
duct technology (R&D) as well as superior marketing {e.g. positiening and
image building) efforts (Hauser and Simmie, 1981). However, neither tech-
nology nor marketing are goals in themselves, but rather instrumental
assets for superior benefit delivery.

The new product’s superiority in benefit delivery is summarized in what
is known as the ‘Core Benefit Proposition {CBP)": ‘the unigue benefits that
the product is to provide customers as well as those benefits required to
meet and surpass competition’ (Urban and Hauser, 1993: 164). It is the key-
stone to marketing efforts and the vision that underlies the engineering
design of the new product, Figure 3.2 is Urban and Hauser’s {1993) repre-
sentation of the new product design process aimed at the delivery of the
CBP. 1t reflects a close cooperation between a number of functional groups:
marketing/consumer research (identification of consumer opportunities and
tracking the product’s delivery against consumer needs), marketing manage-
ment (setection of which opportunities to exploit), and R&D, engineering
and production (design and realization of technological capabilities).
Together these functional groups should cover the various elements consti-
tuting the purpose of the design process, namely to identify (Urban and
Hauser, 1993: 175): ‘who will buy (target market), how it will sell (core bene-
fits), why our offering is superior (positioning), what we will deliver to
customers {physical product features), and how to communicate and distri-
bute the (8P {advertising, selling, channels and technology)’. This reflects a
so-called ‘balanced” approach (Kotler, 1994) towards NPD, in which marke-
ting and R&D share responsibility for the process. By combining the criteria
of effectiveness (true added value to the customer) and efficiency (high
speed of new product development to outperform competition), this balan-
ced approached has shown to be effective in achieving innovation success
(Gupta, Raj and Willemon, 1986).

We will restrict ourselves to discussion of the main elements of Figure 3.2,
We refer to the original source (Urban and Hauser, 1993) for details on the
product design process. It is of primary importance to note that the sequen-
Hal nature is used mainly for explanatory purpases. In practice the model is
used in an interactive fashion with several functions being involved at the
earliest possibte moment in time.

A distinction is made between a managerial and a consumer behaviour
research component, that we refer to as ‘voice of the company’ and ‘voice of
the customer’, respectively. The managenal part concerns decisions with
respect to the opportunity definition (the market), refinement (benefit deli-
very and optimization through the integration of marketing, R&D, enginee-
ring and production) and evaluation to assess business opportunity. For con-
sumer products, each of these managerial decisions should be based on sound
consumer research to identify and quantify consumer needs, desires and per-
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ceived need fulfillment. Note that we have added proactive strategic consumer
research to the model to make explicit that opportunity definition should find
a strong hasis in continuous and deep-rooted understanding of the consumer
in the relevant product categories. This type of consumer research is more
strategic in nature than the consumer research reflected in the right hand
side of Urban and Hauser's representatior, and may be based on performan-
ce monitors from check-out scanner data, household panels and attitudinal
market research, among other continuous and semi-continuous sources,
Against the background of this ongoing consumer understanding and the
company’s mission and core competencies, it is a managerial responsibility to
define opportunities: markets and target customers in which the company
expects to profitably invest its new product development efforts. Closely
intertwined with the market definition is the definition of the initial ideas
with which the organization may successfully compete in these markets. In
order to avoid product myopia, these new ideas will be subjected ta the ‘voice
of the customer” at an early stage of the new product development process.
This consumer measurement-stage is crucial as it helps to make an assessment
of market potentiat before substantial funds are invested in product develop-
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ment. Alsg, it allows for refinement of the initial idea on the basis of consu-
mer respanses, The new idea may be either a cancept or an early prototype. In
both instances the first stage of the consumer measurement process will be
qualitative research as the less-structured nature of this research makes it
particularly appropriate to understand what really motivates consumers in the
marketplace, what they perceive as strengths and weaknesses of currently
available product alternatives, what tradeoffs they are confronted with in
their current choice behaviour, what they perceive as structure of the market,
ete. Focus groups and in-depth interviews may be particularly suited to gai-
ning a deeper understanding of what is going on in the market place. Note
that part of this research should ideally fall under the strategic proactive
ongaing research activity guiding epportunity identification

Qualitative research may provide useful insight into consumer behaviour
in the relevant category, but these insights shouid be quantified early in the
process to provide the basis for ‘what-if’ analyses. Also, this guantitative
measurement enforces the definition of a madel for structuring consumer
behaviour. Typically these models assume that consumer choice behaviour
{the key criterion variable of interest) finds its basis in consumers’ evaluati-
ve reactions to the product (product preferences). In other words, it is assu-
med that if the consumer likes the product more than competing products
this will increase its probability of being purchased. The key objective of the
NPD process, thus, is the formulation of a product that generates superior
preference among the relevant market segment or segments, thereby ack-
nowledging that different market segments may have different preference
structures. Further, consumer behaviour models generally assume that pro-
duct preferences find their basis in product attributes as perceived by the
consumer {perception). These attribute perceptions, in turn, may be genera-
ted through manipulation of the physical product features (i.e. technical
product development through R&D) or through communication (positioning,
image building, etc. as marketing instruments). It is assumed that consu-
mers attach different weights to their attribute perceptions in preference
formation and that recognition of the differential weighting of benefits may
provide a relevant segmentation basis, as well as help refine the (BP of the
new product. Finally, it is important to recognize that choice does not auto-
matically follow from preference. Factors such as availability and point-of-
sale promotional activity may interfere in this relationship and should be
taken into account early in the product development process.

Based on the summary of the consumer information in model format, the
strengths and weaknesses of the new product concept/prototype can be
assessed. If the consumer information is sufficiently positive, it may be used
for ‘what-if” forecasts. If not, the new product may be further refined. This
refinement again consists of an effective integration of marketing (commu-
nication/positioning), R&D {technological solutians to substantiate the CBP
in terms of physical product features), engineering {ensuring that the pro-
duct can be produced in a cost-effective manner), and production to ensure
large scale production of consistent quality levels (Griffin and Hauser,
1996), If these changes are minor, the market performance of the refined
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product may be assessed from the data already available. If the changes are
more substantial, new consumer measurement may be required to recalibra-
te the consumer models. The ‘what-if forecasts form the input for the
managerial evaluation/decision on business opportunity. Based on the con-
sumer information, predictions for individual consumers can be made on
how their preference and choice probabilities for the new product relate to
those of competitive products. These individual level forecasts will be aggre-
gated into a sales forecast. The final estimates of market performance will
include consumer awareness of the new product and availability at point of
purchase. These predictions will be in the form of scenarios that not only
depend on variables under the firm's control but also on assumptions made
concerning competitive actions and reactions.

To summarize, successful NPD is critically important to firms, and success is
largely determined by the degree of effectiveness (delivering true added
value in the eyes of consumers) and efficiency (doing this fast and at lowest
possible costs) of the process (Griffin and Hauser, 1996). To achieve this, it
is impartant to have a structured NPD process and procedures, in which con-
sumer needs form the starting point of analysis, but in terminology which
can easily be translated into action to guide technical product development.
Also, production and engineering will be involved at an early stage to anti-
cipate future production and to integrate these considerations into the
design process,

Putting consumer-oriented NPD into practice

The Urban and Hauser {1993) model delineates most of the activities requi-
red in the consumer-oriented NPD process. However, in practice, the com-
munication between the various functional groups involved has proven to be
fairly difficult (Souder, 1987), seriously hampering the process of carrying
consumer focus all the way through to technical development. Many factors
(e.g. Griffin and Hauser, 1996) contribute to the problem of insufficient
interaction and cooperation at the marketing and R&D interface, including
different time horizons, mutual negative stereotyping (Kotler, 1994), and
differences in terminology being adopted {talk about either the consumer or
the product, rather than the consumer - product interaction).

Part of the problem in cross-functional communication is that the input
to the process (i.e. what consumers want from products) can be defined at
different levels of abstraction {see also Figure 3.1). An important distinction
needs to be made between strategic {primary), tactical (secondary) and
operational (tertiary) consumer needs (e.g. Griffin and Hauser, 1993).
Strategic needs reflect the level at which consumers think about and express
their needs. In the context of foed products, strategic needs may be ‘high
quality’ and ‘stylish appearance’. Although these expressions are the level at
which the new product will compete in the consumer's mind, the potential
for translating these into action remains limited in terms of product design.
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For those reasons, action is taken to find more concrete expressions of the
elements which constitute these strategic consumer needs, In the food con-
text these may be ‘good taste’, ‘easy to use’ and ‘attractive shape’. At an
even more specific level tertiary or operational needs are defined as the
building blocks for the secondary needs. These tertiary or operational needs
are mate likely ta be highly product specific. Examples would include ‘sweet-
ness’, ‘easy to open lid" and ‘red colour’.

Marketing and R& D (the key functions that are linked through consu-
mer-oriented NPD) have different levels of concreteness/abstraction in con-
sumer need identification which are most useful to them. From primary to
tertiary, the need expressions become more concrete and also more action-
able as guidance to technical product development. On the other hand, from
tertiary to primary, the need expressions become more abstract and closer
to consumer terminology and therefore to marketing communication of the
product’s CBP. This illustrates the key challenge in consumer-oriented NPD:
‘How to translate delivery on abstract consumer needs into tangible product
features”. In this section we summarize this challenge in a set of six key con-
sumer issues that need to be addressed when putting consumer-oriented
NPD into practice. Together these issues identify consumer-relevant targets,
define priorities and make cansumer guidance actionable to technical pro-
duct development. Anticipating the next chapter, we link these issues to
Quality Functian Deployment (QFD). For expositary purposes we have repro-
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duced a simplified version of QFD's House of Quality {see Chapter 4 for
details) in Figure 3.3 and numbered the issues accordingly.

1. What are the product attributes desired by the consumer?

This issue constitutes the identification of the key dimensions substantiating
the product’s Core Benefit Prapasition. It includes the product requirements
that are necessary to meet and surpass competition and those on which the
new product will have improved or provide unique delivery. Marketing and
consumer research are the key tools for addressing the consumer needs and
their hierarchical nesting {abstract versus concrete). Several qualitative and
quantitative research techniques are avaitable for this purpose (see Griffin
and Hauser, 1993 for an overview), Examples include exploratory techniques
such as in-depth interviews and focus groups as well as more structured
approaches such as Kelly's Repertory Grid and Free Elicitation (see Steenkamp
and Van Trijp, 1997). A particutarly useful technique for revealing the hierar-
chical nesting of need levels is laddering (Reynolds and Gutman, 1988).

2. How important are each of these product attributes to the consumer?
Some needs are more important to consumers than others?, Identification of
attribute importance is a crucial step in the QFD approach as any company will
prefer to spend its limited resaurces on those attributes that really matter to
the consumer in terms of preference and choice prebabilities, Attribute impor-
tance is a complex and unfortunately not very well-defined concept in the
consumer and marketing research literature {Myers and Alpert, 1977), for
which a number of measurement methodologies are available (Heeler et al.,
1979). An important distinction needs to be made between attributes that are
important in an absolute sense and those that are determinant in consumer
choice behaviour (Myers and Alpert, 1968). Some attributes are so important
that they are a sine qua non, whereas ather attributes only become important
when more urgent needs are satisfied,

3. Will adjustment of a consumer attribute lead to competitive advantage?
The ultimate goal of NPD is the development of new products that are diffe-
rentiated from competition in the marketplace on one or more attributes.
Therefore, any intended attribute improvement needs to be evaluated rela-
tive to competitor delivery. This is the right hand side of the House of Quality
which reflects consumer perceptions of market delivery in terms of attribu-
tes. Again, this is a responsibility for marketing and consumer research, and
will be conducted in the form of quantitative perceptual mapping research
(see Urban and Hauser, 1993 for an overview of methodologies). Perceptual
mapping research identifies how the consumer perceives product alternati-
ves for key attributes. Combined with the attribute importances (see above),
the analysis of strengths and weaknesses vis-a-vis competitors provides
highly diagnostic information. It forms the heart of the definition of the
Core Benefit Proposition, in terms of which levels need to be delivered for
important attributes to meet and surpass competition as well as which attri-
butes might constitute a ‘unique selling point” for the new product.
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4, What are the implications for technical adjustments to the product?

The previous phases have determined which consumer perceptions will need
to be targeted to communicate the desired CBP to the marketplace, In other
words, marketing has expressed "What needs to be done’, Now itis up to R&D
to decide "How this will then be realized’. This is the critical phase of trans-
lation of market opportunity (consumer terminology) to technical capabili-
ties (product specification). In the House of Quality representation, this is
reflected in the ‘relationship” matrix that links perceived consumer attribu-
tes to the objective {sensory and instrumental) engineening characteristics
of the product. For each combination of consumer attribute and engineering
characteristic the matrix will indicate whether there is a relationship and, if
50, how strong it is. In many QFD-studies the entries of the relationship
matrix are assessed using an informal approach, which can make them sen-
sitive to subjective and erroneous interpretation. In the application section
of this chapter we will iltustrate Quality Guidance (Steenkamp and Van Trijp,
1996) as an integrated analytical procedure for quantitative assessment of
these relations. Quality Guidance recognizes the potentially complex nature
of the relationships between engineering characteristics and consumer attri-
butes. Typically, these relationships are not of a one-to-one nature, as mul-
tiple engineering characteristics combine into a consumer perception of a
product characteristic. Also, the product’s engineering characteristics are
not arthogonal, implying that they cannot necessarily be manipulated inde-
pendently of each other. These correlations between the engineering char-
acteristics are depicted in the ‘roof’ of the House of Quality. A statistical
implication of correlations between engineering characteristics is that mul-
tivariate statistical methods will be required to account for the intercorrela-
tions ameng engineering characteristics.

5. Do the consumer attributes have physico-chemical counterparts?

It is tempting to think that consumer perceptions have unique counterparts
in the physical product and vice versa, but this is only partly true. Variation
in some product features may not be perceived by the consumer due to insuf-
ficient sensitivity. In other wards, it may not exceed the “Just Noticeable
Difference’ (IND). Also, some consumer beliefs cannot be unambiguously
verified from personal consumption experience. This will typically hold for
‘credence’ attributes {Darby and Karni, 1973) such as environmental friend-
liness and health. Rather than performance being assessed on the basis of
personal experience, the interpretation depends on accepting communica-
tion through third parties (advertising, educational extension etc.), or per-
sonal inference making from other characteristics (Fishbein and Ajzen,
1975). In both instances consumer perceptions of attributes may lack strong
counterparts in the relationship matrix,

Profiling a selection of product alternatives in terms of their engineering
characteristics farms an integral part of the analysis. Together with insight
into the ‘consumer perceptions’, this provides highly diagnostic information,
particularly in terms of desired action in the case of poor performance on
consumer perception. A situation may occur where two products show up dif-
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ferently in consumer perception (3) but not in terms of engineering charac-
teristics (5). In such a case?, it may be that differences in perception find
their basis in the less tangible, ‘image’ type of attributes, that can be more
effectively corrected through marketing communication rather than through
technical preduct development, In the application section of this chapter we
will provide an empirical analysis of this issue.

6. What is the effect of technicol adjustment on other consumer attributes?
The analysis so far allows for an assessment of which technical parameters
may lead to improvement in consumer attribute perceptions. However,
equally important is the analysis of whether these adjustments may have an
undesirable effect on one or mere of the other consumer attributes. This
step is frequently overlooked due to some degree of product myopia. For
example, when developing health foods, it is important to assess at an early
stage whether the lower fat content necessary to substantiate the health
claim affects other consumer benefits such as taste. If this is the case, the
argument should be included in the decision whether or not this trade-off
will justify product introduction.

In summary, the formulation of key consumer issues ta be addressed in con-
sumer-ariented NPD provides a useful framework for structuring thinking
about what a new product should be delivering to the consumer and how this
should be done, Its major strength is that it makes a number of key consi-
derations explicit. By doing so, it provides a comman basis for the different
functional disciplines involved in the NPD process and makes clear what
agendas and considerations are, how the efforts influence each other, and
what tradeoffs need to be made. Also, as we will see in the next chapter,
these issues constitute the key elements of the first house of Quality
Function Deployment (QFD): the House of Quality. Through the other QFD
houses (see Chapter 4), the consumer orientation may be taken all the way
through to technical product development and supply chain considerations,
In this way the consumer issues provide focus and structure within the QFD
process. This has been found to increase communication within and between
functional disciptines (Griffin, 1992; Griffin and Hauser, 1992). In addition
to these lang-term benefits, it has been claimed that QFD reduces design
time and costs considerably (Hauser and Clausing, 1988). These and other
virtues of QFD will be discussed in more detail in Chapter 4.

Application for Food Quality improvement

Building on Steenkamp’s (1989; 1990) work on perceived product quality,
Steenkamp and Van Trijp (1986; 1988; 1996; 1997) refined the basic prin-
ciples of the delivery of consumer-recognized superior quality of food pro-
ducts. The guiding principle behind this work is illustrated in Figure 3.4,
The central element in the model is perceived quality, a one-dimension-
al overall evaluative judgment about ‘the product’s fitness for use with
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Figure 3.4

The research model
guiding food quality
improvement: The
extended Quality
Guidance model
(adapted from
Steenkamp, 1989)
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respect to its intended purpose relative to alternatives’ (Aaker, 1991;
Steenkamyp, 1989). For most food products the acts of purchasing and con-
sumption are temporally separated and perceived quality judgments are for-
med at two different points in time, When the food product is purchased, the
consumer forms an impression about the product’s expected fitness for con-
sumption, This is the consumer judgment of ‘quality expectation’. The quali-
ty expectation of the various product alternatives is an important factor in
consumer choice behaviour (Steenkamp, 1989; Narasimhan and Sen, 1992).
Upon consumption, the consumer is able to evaluate the product’s actual fit-
ness for consumption. This ‘quality experience’ judgment may be influenced
by the expectations that were formed with respect to the anticipated fitness
for consumption {cf. Churchill and Suprenant, 1982).

Expected guality judgments at the point of purchase are based on per-
ceptions of one or more quality cues {e.g. Olson, 1972; Steenkamp, 1990).
Quality cues are any infermational stimuli that can be ascertained through
the senses prior to consumption, and, according to the consumer, have pre-
dictive validity for the product’s guality performance upon consumption
{Monroe and Krishnan, 1985}. Perceptions of quality cues are integrated into
a more abstract overall judgment of expected quality®. An important dis-
tinction needs to be made between intrinsic and extrinsic quality cues.
Intrinsic cues are part of the physical product. They cannot be changed wit-
hout also changing the physical product itself. Examples of intrinsic cues
include colour and texture for salami, and colour, presence of spots, and
softness for fruit. Extrinsic cues are related to the product, but are physical-
ly not part of it. Well-known extrinsic cues are price, brand name, country of
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origin, and store name. Whereas intrinsic cues are linked to the physical pro-
duct characteristics, extrinsic cues are predominantly determined by marke-
ting efforts®. Quality cues are weighted differently in the formation of quali-
ty expectations. It has been found that intrinsic cues are usually weighted
more heavily than extrinsic cues (see Steenkamp, 1989 far a review).

It is only upon consumption that the consumer can ascertain the pro-
duct’s true quality performance. The quality experience judgment is based
on the integration of product perceptions of quality attributes (Steenkamp,
1990). These quality attributes are the utility-generating functional and
socio-psychological benefits provided by the product (Steenkamp, 1990).
They represent what the praduct is perceived as doing or providing to the
consumer in relation to the consumer’s wants, and farm the basis of consu-
mer preferences. Examples of quality attributes of food products include
taste, leanness, tenderness and keepability. The integration phase reflects
the combinatorial weighting of quality attribute perceptions into an overall
quality judgment. The model distinguishes between two types of guality
attributes: experience attributes and credence attributes. Experience quality
attributes are those that can be ascertained by the consumer on the basis of
actual consumption experience with the product, as for example with taste,
tenderness and ease of preparation. Credence oftribute beliefs, on the other
hand, cannot be unambiguously verified through personal experience even
after normal use for a long time, nor without consulting an expert. Examples
are the absence of additives, healthiness and environmental friendliness,
These two type of attribute beliefs may carry differential weight in the over-
all quality performance judgment.

Both quality cue and quality attribute perceptions find their basis in pro-
duct and processing characteristics that are directly or indirectly related to
the product. For example, intrinsic cue perceptions will primarily be deliver-
ed through product and production technology. Extrinsic cues on the other
hand, will be primarily delivered through marketing efforts, such as bran-
ding, pricing and labelling®. A key issue in consumer-oriented food quality
delivery therefore consists of understanding and operationalizing the ele-
ments depicted in Figure 3.4 and then using this understanding and meas-
urement to relate it back to product and processing characteristics under the
firm’s control. This latter step constitutes psychophysics in its broadest
sense (Stenson, 1982: 47): the study of relationships among a set of physi-
cally defined variables (physical and marketing cues) and a set of variables
presumed to be indicators of the psychologicat counterparts of the physicat
variables (quality cues and attribute perceptions).

The model thus highlights two key paths aleng which consumers’ quality per-
ception judgments may be influenced, through intrinsic quality cues and
through extrinsic quatity cues. In the remainder of this chapter we will illu-
strate this with two case studies that the authors conducted for the Dutch
Commodity Board for Livestock, Meat and Eggs. Details of these studies can
be found in the original sources (Steenkamp and Van Trijp, 1996; Van Trijp,
Steenkamp and Candel, 1997).
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Case studies in food quality improvement
Impraving quality perception through the physical product

The first study illustrates how the quality perception model can be used to
influence perceived quality through adjustments in the physical product. The
focus is purely on the quality of the physical product. The role of marketing
communication was not examined in this study.

Background

The study was conducted in the late 1980's when meat quality was seriously
under discussion in the Netherlands. In response to concerns expressed by
both consumers and retailers, the Dutch Commadity Board for Livestock and
Meat initiated an early research project on integrated marketing chains
(Meulenberg, 1997; Wierenga, 1997). There was explicit recognition of the
fact that product quality as the final consumer encounters it, is affected by all
phases of the meat production chain. Quality improvement, therefore, entails
a joint effort by all phases of the production chain. The Commodity Board
asked the authors, then both at the Department of Marketing and Marketing
Research of Wageningen Agricultural University, to conduct a large scale con-
sumer study that should nat only unravel how consumers arrive at quality
judgments, but should also provide tangible and workable technical product
specifications that would substantiate the desired quality image. These fin-
dings could subsequently serve as target values for earlier phases of the pro-
duction chain, The study was designed and carried out in close cooperation
with meat experts from the Dutch Commodity Board for Livestock and Meat
and the Research Institute for Animal Production ‘Schoonoord’,

Design

Stimuli

The study applied the guality guidance model to the farmation of quality
judgments with respect to blade steak (stewing steak). The basic structure
of the quality guidance model is reflected in Figure 3.4. In this application
only the effect of physical product features will be considered (see Figure 3.5
for structure). Blade steak was chosen as a representative for a more gener-
al class of heef cuts, To obtain a representative set of blade steak samples,
48 carcasses were selected on the basis of the EUROP-classification system
by the Research Institute of Animal Production ‘Schoonoord’. Most outlets
selling fresh meat use this classification for the selection of carcasses.

The meat from random carcasses was evaluated (independently) by four
respondents. Nine samples of blade steak were cut from each carcass. Four
samples were used for collecting judgments about quality expectations, four
samples for evaluation of quality performance, and the centre part of the
muscle was used for measurement of the physical characteristics. Meat
experts considered the physical characteristics of the centre part to be the
best approximation of the other blade steak samples cut from that muscle.
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The two meat samples that were judged by a particular respondent came
from the same muscle and were situated adjacent to each other,

Meat experts carried out the instrumental analyses and visual judgments
on the meat samples. The characteristics measured were colour, fatiness, pH,
water-binding capacity, shear force, and sarcomere length. These characte-
ristics are generally used in the field of animal studies to measure the phy-
sical quality of beef. Multiple measurements were taken for some physical
characteristics using standardized procedures. The reader is referred to
Steenkamp and Van Trijp (1996) for further details on the study.

Data collection

Data were collected at the central test facility of a Dutch market research
agency in a nationwide sample of 192 respondents. Respondents were the
main purchasers of meat in a particular household and used blade steak
regularly. Nearly all respondents were female. Age and educational level of
the respandent and of her partner, household size and income, and social
class varied considerably between respondents. The point of purchase situ-
ation was simulated by providing the respondent with a sample of raw blade
steak. Respondents rated their perceptions of quality expectation on a
seven-paint bipalar scale (poles: 1 = poor quality, 7 = good quality), and on
a seven-point Likert statement “is of good quality’ (1 = completely disagree,
7 = completely agree}. The respondent also rated her quality cue perceptions
on eight seven-point bipolar scales: light/dark red, much/little variegation
in colour, moist/dry, not fresh/fresh, small/large fat trim, little/much fat,
untidy/good appearance, and not freshly cut/freshly cut.

After some other tasks, the respondent was confronted with an identical
but cooked sample of blade steak (i.e. a cut from the same muscle of the
same carcass, next to the one that was evaluated in the raw condition). This
simulated the consumption situation. The preparation of the blade steak
samples was carried out by a professional cook following a standard recipe.
The respondent ate as much as she wanted of the sample, and rated its quali-
ty performance on the bipolar and Likert quality scales described above. She
also rated quality attribute perceptions, using the following seven-point
bipolar scales: bad/good smell, bad/qood taste, tough/tender, not
easy/easy to carve, dry/juicy, fat/lean, many/few sinews and tendons.

Methodology

For technical details on the methodology, the reader is referred to the origin-
al source (Steenkamp and Van Trijp, 1996). Here it suffices to say that the
constructs in the model were operationalized through multiple indicators and
that these showed satisfactory measurement reliability. The physical meas-
ures were selected by experts in the field as those commonly applied and
generally believed to hold predictive validity for blade steak quatity as the
consumer perceives it. The physical constructs distinguished in the model are:
colour, fatiness, pH, water-binding capacity, shear force and sarcomere length
of the meat samples. Given the theoretical evidence that consumer’s informa-
tion processing capacity is limited and that they generally use only three or
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four more general dimensions in judging products (Engel and Blackwell,
1982), principal components analysis was applied to the quality cue ratings
and quality attribute ratings to discover the basic perceptual constructs, The
following quality cue dimensions were discovered: freshiness, with high weigh-
ting for the items nat fresh/fresh, not freshly cut/freshly cut, much/little
variegation in colour, and moist/dry, visible fot (small/large fat trim, lit-
tle/much fat), and appearance (light red/dark red, untidy/good appearance},
Similarly, the following basic quality attribute dimensions were identified;
tenderness (tough/tender, not easy to carve/easy to carve, dry/juicy), nen-
meat components {fat/lean, many sinews and tendons/few sinews and ten-
dons), and flavour (bad smell/qoad smell, bad taste/good taste),

The relationships between model constructs were estimated through
Partial Least Squares (PLS) analysis. PLS is particularly suited for quality gui-
dance studies as it allows one to estimate fairly complex models (as Figure
3.5) from a relatively small amount of data (48 carcasses as in our case).

Results

Discussion of the results will be restricted to the structural relationships in
the model, These are illustrated in a graph in Figure 3.5. For ease of expo-
sition, only the statistically significant (p<0.10; two-sided) causal relations
are depicted for the physical constructs. Although PLS provides an integral
test of the quality guidance model, the stages of quality expectation forma-
tion and quality performance assessment will be discussed separately.
Quality expectation of raw blade steaks

All three quality cue dimensions exert a significant influence and together
account for 54% of the variation in quality expectation ratings. Expected
quality at the point of purchase increases with perceived attractiveness of
appearance and perceived freshness, and decreases with the amount of visible
fat, The quality guidance model also assesses the predictability of quality cue
perceptions on the basis of physical characteristics of the blade steaks. Linear
combinations of the six physical constructs incorporated in this study that
have maximum predictive validity for the quality cue dimensions are sought.
Twenty six percent of the variance in consumers’ evaluation of good appe-
arance of raw blade steak can be explained from perceived redness of the
blade steak and its pH. Similarly, 41% of consumers’ perception of fatiness is
based on colour, sarcomere length, water-binding capacity and amount of
intramuscular fat. Consumers’ perceptions of freshness decrease the darker
red the sample and increase with sarcomere length, together accounting for a
modest 13% in variation in consumers’ perceived freshness ratings.

Quality performance upon consumption

The quality attribute dimensions and quality expectation together account for
67% of the variance in consumers’ quality performance ratings, Within the
range of meat cuts employed, consumers’ quality performance ratings increa-
se with perceived tenderness and decrease with amount of noen-meat compo-
nents, indicating that consumers evaluate fat, sinews and tendons very nega-
tively in the consumption situation. Flavour did not exert a significant effect
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on quality performance. This was at least partly due to correlations of flavour
with other quality attribute dimensions as the bivariate correlation with quati-
ty performance was 0.37 (p=0.01). Quality expectation exerts a significant
effect (p<0.10; one-sided) on quality performance judgments.

Thirty-nine percent of the variance in consumers’ tenderness percep-
tions can be explained by the physical characteristics of the meat sample, It
increases with sarcomere length, and decreases with pH and objective fati-
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ness. Cansumer perceptions of nan-meat components in the cooked blade
steak increase with water-binding capacity and shear force and decrease
with sarcomere length. Together these instrumental measures account for
18% of the variance in perceptions of non-meat companents. Only objecti-
vely measured fatiness has predictive value for consumers’ flavour percep-
tions, accounting for 19% in the flavour ratings.

Conclusions

The Quality Guidance model provides a quantitative basis for assessing the
consumer-product relationships in QFD’s House of Quality. It extends the
informal and qualitative assessment on pairwise ‘consumer attribute-to-
engineering characteristics’ approach commonly applied in QFD by estima-
ting the relationships in an integral way, thus revealing the complexities and
multivariate nature of the psychophysical relationships.,

The types of results obtained from the Quality Guidance approach have
substantial relevant interpretation in their own right. They allow for a criti-
cal assessment of the relative accuracy of the physical constructs conven-
tionally employed for perceived meat quality. For example, the present study
shows that visible fat of the raw steak (R? = 0.44) and perceived tenderness
at consumption (R = 0.39) have relatively accurate counterparts in the phy-
sical constructs. For other consumer perceptions such as perceived freshness
(R? = 0.13), presence of non-meat components (R 2 = 0.18) and flavour (R2
= (0.19), the conventionally employed physical constructs appear less effec-
tive predictors. Future research is needed to identify alternative physical
measures with predictive validity for these relevant aspects of consumer per-
ception of meat quality.

Additionally, the results also allow for an assessment of relative accura-
cy of each of the individual physical constructs. For example, a darker-red
colour may be an interesting measure upon which to focus when the purpo-
se is to improve the quality image at the point of purchase, Darker-red blade
steaks are perceived as leaner and to have a better appearance, although
they are perceived as somewhat less fresh. Expressed in standardized scores,
oene unit increase in colour in the direction of darker redness increases quali-
ty expectation by 0.18 units. Sarcoma length may be a particularly interes-
ting physical entity to enhance quality expectation in the purchase situation
as well as quality performance at the moment of consumption. It has a sig-
nificant effect on quality expectation through the quality cues absence of
visible fat and perceived freshness as well as with quality performance
through the quality attributes perceived tenderness and absence of non-
meat components, Expressed in standardized units, and concentrating on
the significant coefficients, one unit increase in sarcoma tength increases
quality expectation hy 0.15 units and quality performance by 0.31 units,
Sarcomere length may thus be an important measure for guiding product
improvement, as it affects both moments of quality evaluation.

Overall, results {ike these assist consumers’ quality perception improve-
ment through adjustments in the physical preduct. Through its consumer
focus, the approach ensures that the selection of quality parameters to be
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adjusted finds its basis in sound empirical research. This is important in
order to prevent the situation where the firm might otherwise adjust physi-
cal parameters that do not contribute to the quality image as perceived by
the consumer. In the next example, we will focus on guality improvement
through extrinsic quality cues.

Improving quality perception through extrinsic quality cues

The second study (see Van Trijp, Steenkamp and Candel, 1997 for details)
illustrates how consumers’ quality perception may be improved through
communication by means of extrinsic quality cues {see Figure 3.4).

Background

This study was conducted by the authors in 1993, again commissioned by the
Dutch Commodity Board for Livestock, Meat and Eggs which at that time had
introduced a system of Integrated Quality Contral, known as IKB (‘Integrale
Keten Beheersing’). IKB certification aims at improved organization of the
product chain and providing added value to the consumer through quality
guarantees. The IKB scheme for pigs contains a number of basic require-
ments relating to traceability (by means of the Identification & Registration
system), feed, hygiene and the use of veterinary pharmaceuticals,

The Commodity Board approached the authors to investigate whether,
and if so, how an IKB label would add value to pork in the eyes of the con-
sumer. A theoretical framework was proposed for analyzing added value from
quality labelling, focusing on those elements of consumer behaviour with
respect to meat that may be particularly influenced through the availability
of a visible IKB label. Such insight is of paramount importance in the under-
standing of added value and consequently to the decision whether or not to
use the IKB label as a vehicle for communicating with consumers, and to
increase product differentiation,

Conceptual model of IKB equity

Building on the concept of brand equity {(e.g. Aaker, 1991) Figure 3.6 repre-
sents the conceptual modet for what we call “IKB equity': the value added to
the product by the virtue of it having the IXB label. The IKB added value
would come from its guarantees that the pork is produced in accordance with
the IKB criteria. More specifically, it is the set of assets linked in the mind
of the consumer to the IKB label {cf. Aaker, 1991). The model distinguishes
between sources and consequences of IKB equity (see Van Trifp, Steenkamp
and Candel, 1997).

Sources of IKB equity

Three categories of assets on which the added value of the IKB label is based,
are distinguished: awareness, perceived quality and associations. The IKB
value may come from the fact that the label makes the consumer more aware
of the product. This identification {recognition or recall) will help the consu-
mer in the decision process. After all, a consumer cannot buy IKB pork unless
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he ar she is first made aware of it, and not surprisingly awareness is strongly
correlated with market share (Engel and Blackwell, 1982). Furthermare, awa-
reness provides a sense of familiarity, and familiarity in turn leads to appre-
ciation (Zajonc, 1980, Janiszewski, 1988). People typically buy familiar pro-
ducts rather than unfamiliar products because it is easier, less risky, and it
saves time, In low involvement choice situations, awareness may be a fre-
quently used and sufficient choice heuristic (Hoyer and Brown, 1990).

Perceived quality is a second asset underlying IKB equity. Perceived quali-
ty itseif is a global, summary construct, although it arises from underlying
dimensions (see Figure 3.4 and ‘associations’ helow). Superior quality per-
ception has proven an effective product differentiation strategy to create
customer loyalty, lower price elasticity, and present barriers to competition
(Porter, 1980), positively affecting market share, selling price, and profita-
bility (Buzzell and Gale, 1987). Moreover, consumers are demanding higher
quality than ever before, and are willing to pay more for better products
(Steenkamp and Van Trijp, 1989). Creating a high quality position through
IKB labeling thus may altow pork producers to escape the price competition
that rules this market.

Associations include anything that is associated or linked in memory to
the IKB concept. For example, is IKB pork seen as tasty, healthy, expensive,
etc.? The total set of associations defines the image of IKB, and may form
the basis for purchase decisions. Associations can create value to consumers
in several ways (Aaker, 1991). First, they help consumers in their decision
process. For example, if IKB is strongly associated with ‘healthy’, a consu-
mer does not have to process various aspects that relate to healthiness each
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time he or she buys pork. Second, associations form the basis for product
differentiation. IKB pork may be differentiated from ‘regular’ pork on
aspects for which regular pork has a bad image. Third, particular key asso-
ciations provide a reason to buy the product. If a certain consumer cares par-
ticularly about animal welfare and he or she is convinced that IKB pork rates
higher than regular pork in this respect, this consumer will be more inclined
to buy IKB pork. Fourth, some associations are important components of
perceived quality, another aspect of IKB equity. Associations may be of the
experience and credence type.

In sum, awareness, perceived quality, and associations form the basis of IKB
equity. The greater the awareness of IKB pork, the higher its perceived quali-
ty, and the more positive the associations consumers have with IKB pork, the
greater the value added to the pork by the very fact that it is IKB pork.

Consequences of IKB equity

A first consequence of the IKB quality label is that it is likely to reduce percei-
ved quality risk. By perceived quality risk, we mean the amount of risk consu-
mers perceive in the purchase decision because of the uncertainty about the
decision and/or the potential consequences of a poor decision {Cunningham,
1967). Since most consumers are risk averse, reduction of quality risk is a
valued consequence, Potentially more important, is the fact that IKB can
enhance consumer commitment to IKB pork. Both perceived quality and brand
associations can enhance consumers’ satisfaction with the use experience
(Aaker, 1991). Many of the guality criteria in the IKB programme are not
directly observable to consumers but knowing that the product has guaran-
tees concerning hygiene, pharmaceuticals, etc. may enhance the usage expe-
rience, in the same way that the mere knowledge that one drinks a well-
known brand of beer gives more satisfaction (Allison and UhL, 1964), The fact
that IXB reduces perceived quality risk will also be a factor in consumer satis-
faction. Higher satisfaction with the usage experience should lead to a gre-
ater commitment to IKB pork (cf. Jacoby and Chestnut, 1978).

One hypothesis is that reduced risk and increased commitment as consu-
mer consequences have a positive effect on the consumption of IKB pork. More
specifically, it is hypothesized that for consumers who attach much value to
the IKB label, the relative proportion of IKB pork in the total consumption of
pork will be higher, and, more speculatively, that for these consumers intro-
duction of IKB will have a positive effect on the total consumption of pork
(IKB plus reqular pork). Moreover, price sensitivity may decrease for these con-
sumers which offers opportunities for charging higher prices.

Design
A large scale consumer survey was carried out in close cooperation with the
Dutch Commodity Board for Livestock, Meat, and Eggs.,
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Stimuli

Based on the results of a qualitative pilot study, the IKB-concept was defi-
ned as: ‘'IKB pork comes from authorized farms and slaughter houses where
additional inspection is conducted on the fodder (including the use of medi-
cines), transport and hygiene. The extra inspection is carried out by an inde-
pendent organization’.

Data collection

The main study was conducted in May and June 1993 among a representati-
ve sample of 505 Dutch households from which the member most responsi-
ble for purchasing fresh meat participated. Respondent selection was based
on a two-stage cluster sampling technique on Dutch postal codes.
Respondents were individually approached with a computerized guestionnai-
re to reduce interviewer bias and to stimulate consumer motivation, As part
of a larger data collection task, they were asked to indicate their purchase
and consumption behaviour with respect to meats. They then judged a num-
ber of meat products on a set of attributes including overall quality and eva-
luative and descriptive attributes. In addition, consumers were asked to indi-
cate the distribution of their meat consumption across a number of meat
products (pork, beef, poultry, fish, veal, lamb, minced meat, convenience
meats and non-meat). For this purpose a constant-sum scaling technigue
was applied in which consumers indicated the number of days out of 100
days that they consume each of the different meat products. Subsequently,
consumers were confronted with the IKB-concept, and were asked a number
of questions related to their primary reaction to the cancept in terms of per-
ceived need for such a concept and willingness to devote time and effort to
obtaining IKB-pork. Next, subjects were asked their opinions about IKB in
terms of overall quality, evaluative judgments and descriptive attributes. The
reported consumption procedure with the constant-sum methodology was
repeated, this time with IKB-pork included.

Methodology

Perceived quality was operationatized through a five-point bipolar scale ran-
ging from ‘poor quality’ (1) to ‘good quality’ (5). Equity of IKB was opera-
tionalized as the difference in overall attitude between IK8 and reqular park
{Aaker, 1991), with attitude taken to be the mean score on three five-point
bipolar scales ranging from ‘bad’-"good’, ‘not attractive-attractive’, ‘not ple-
asurable- pleasurable’, Subjects rated both regular and IKB-pork on a num-
ber of experience and credence associations (see Table 3.1). The two com-
ponents of perceived quality risk, quality uncertainty at the moment of pur-
chase and the possible consequences of a wrong decision, were operationa-
lized through the statements: ‘Quality of pork is easy to judge’ and ‘Pork has
constant quality’, respectively. Both statements were scored on five-point
Likert scales ranging from ‘completely aqree’ (1) to ‘completely disagree’
{5). The overall perceived quality risk score was estimated by multiplying
these two scores. Risk reduction was operationalized as the perceived quali-
ty risk of reqular pork minus perceived quality risk associated with IKB pork.
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Commitment to IKB was measured through five statements. These state-
ments, all scored on three point scales with category labels ‘yes (+1) no’
(-1} and ‘don’t know' (0}, were:

{a) ‘0o vou consider IKB a good thing?’;

(b) "Do you feel a need for IKB?’;

{c) “Are you willing to pay somewhat mare for pork with the IKB label?’;

(d) ‘Would you he willing to visit another shop to obtain pork with the IKB
label?’;

{e) ‘Would you increase your pork consumption if pork with the IKB label
were made available?’.

IKB-commitment was operationalized as the summed score of the five items,

overall scores thus ranging from -5 to +5.

The constant-sum task allowed us to compute two different measures
concerning consumption: the relative share of IKB-pork in total park con-
sumption, and the relative share of pork (IKB plus regular} in total con-
sumption of meat after introduction of IKB.

Two elements are not included: awareness and prices/margins. The IKB label
had not been introduced at the time of this study and hence the IKB concept
was described in the interview. Awareness is not an issue in this study as by
definition it is 100%. Prices/margins were not included on the explicit wish
of the sponsor of this study.

Results

Table 3.1 shows a comparison of IKB and reqular pork for the main compo-
nents of our model: perceived quality, associations, attitude, perceived risk,
and the relative share of pork (IKB plus regular) in total consumption of
meat after introduction of IKB, using paired t-tests,

IKB pork outperformed regular pork on IKB-equity, product quality, ail cre-
dence attributes and a number of experience attributes. The lack of a signi-
ficant difference for the associations ‘goes with many dishes’ and ‘easy to
prepare’ serves as a validity check on our results (whether the responses are
due to halo effects) as there is nothing in the IKB concept that would make
a difference on these aspects.

In terms of consequences, IKB reduces perceived quality risk relative to
regular park. Although consumers do not expect that the quality of IKB pork
would be easier to judge, they are confident that the IKB quality guarantees
will result in more constant quality levels, thereby reducing overall percei-
ved quality risk. This finding lends support to the result that IKB most
strongly differentiates an the credence attributes that cannot be directly
verified upon consumption. Finally, it was found that the relative share of
pork (IKB plus regular) in total consumption of meat after introduction of
IKB increased by about 3% from 19% to 21.8 % (IKB pork: 13.37%, regular
pork 8.43%). Van Trijp, Steenkamp and Candel {(1997) show further empiri-
cal evidence for the validity of the distinction between sources and outco-
mes of IKB equity.
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IKB Regular Difference

IKB equity

Overall attitude 4.0 3.4 0.6*
Product Quality

good quality 4.4 3.7 07"
Expenience attributes

tender 4.1 38 0.3

good taste 4.0 39 0.1

lean 33 2.9 04"

goes with many dishes 4,2 4.2 0.0

suitable for guests 38 35 03+

easy ta prepare 4.5 4.6 -0.1
Credence attributes

speciat 35 3.1 0.4*

exclusive 31 1.8 1.3+

healthy g 2.7 11

free of hormones 4.2 2.5 17"

animal friendly 4.0 2.4 16*

free of additives 4.1 3.1 10"
Quality risk

Uncertainty 3.0 3.2 -0.2

Consequences 2.1 33 1.2

Overall risk perception 6.1 10.1 -4.0*
Consumption

Total pork consumption (%)  21.8 19,0 28"

* p<0.01
" Note that these figures refer to the market share after and before IKB-
introduction respectively

Conclusions

This study shows that consumers’ quality perception may also be influenced
by extrinsic cues such as a quality label. Also important to note is that the
added value is not restricted to the charactenistics actually captured by the
label but extends to consumer beliefs about quality attributes that may sub-
sequently be verified through personal consumption. As such, quality labe-
ling may be used to achieve competitive advantage in the marketplace, even
for commadity-type products such as pork. However, awareness of the label
(100% in our experimental study) is @ necessary condition and in the ‘real
world” will have to be created through marketing communication,

In the present study we investigated equity of labelling for a new preduct
concept. At the time of this research the IKB label had not been introduced
into the market, It is important to note, however, that the procedure cutlined
in this paper applies equally to guality labels already in the market. Such
research would provide insight into important managerial questions, such as:
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Does our labelling achieve its purposes? At what level (e.g. awareness, asso-
ciations, perceived quality, risk reduction, commitment) does it fatl short? Is
additional effort needed, in terms of criteria and communication?

Despite the usefulness of the brand equity framework, it is important to
outline some distinguishing features of IKB equity. First, IXB is a generic
seal that any producer satisfying the IKB criteria can obtain. This limits the
individual company's opportunity for leng-term competitive differentiation
on the basis of IKB equity. On the other hand, generic seals such as IKB tend
to be supported by whole industries, public bodies and/or government. This
may result in higher credibility to the consumer than messages on company-
specific brands. Together these considerations may explain why certain
national brand producers tend to consider IKB equity as a base-line level
upon which they build competitive eguity through strong brands.

Conclusions

In this chapter we have systematically reviewed the basic principles of consu-
mer-oriented NPD, and applied them to food product quality improvement. We
illustrated various elements of the advocated approach in case studies pertai-
ning to improvement of percetved food product quality through adjustment of
the physical product characteristics and the application of food quality label-
ling.

It is our firm conviction that successful NPD should take the consumer’s
needs and desires as point of departure for its R&D and NPD activities. This
basic philosophy forms the heart of marketing theary and has now gained
considerable acceptance in most companies. However, for this philosophy to
be put into practice so as to expand it beyond mere lip-service, it is of para-
mount importance that food companies implement a format and structured
pracedure for the NPD process. Formalized procedures, such as Quality
Function Deployment, can be parcularly helpful in improving the commu-
nication and integration between marketing and R&D. This in turn constitu-
tes a critical step in the effective and efficient translation of consumer
needs and desires all the way through to physical product offering and mar-
keting support, designed to satisty those needs and desires.

We expect the consumer focus in NPD to become even more important in
the future. As Wind and Mahajan (1997) conclude in a recent analysis of the
new product development process, one of the key challenges for future suc-
cess lies in the transition from the current focus on incrementat innovations
addressing consumers’ current problems to a more radical approach where
discontinuous innovations will be aimed at less famitiar consumer segments
{new geographical areas; future consumer problems etc.). Thorough under-
standing of the driving forces behind consumers’ current consumption beha-
viour patterns, as well as the dynamics and latitude for change therein will
be critically important. Wind and Mahajan (1997) warn that current consu-
mer behaviour theory and research methodology may not be adequate to
address this new challenge.
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(thers {e.qg. Woodruff, 1997) have also argued that future sources of com-
petitive advantage will no longer come from internal orientation on quality
improvement of the food product per se, but rather from cutward customer
orientation aimed at superior customer value delivery. This will encompass a
shift from competition surrounding consumer choice criteria that are relative-
ly well established (‘doing the same thing better’) to competition over pro-
duct dimensions that the consumer has not yet encountered or even thought
of {‘radically new elements of consumer delivery’). As input to this continuous
and more radical innovation process, consumer behaviour research needs to
be of a more strategic and on-going nature, encompassing all phases in the
‘consumption chain’ (MacMillan and McGrath, 1997) ranging from early need
recognition all the way through usage experience and disposal. Also, it will
require high levels of creativity in consumer behaviour theory and methodo-
lagy development, and a higher degree of consumer involvement in the idea
generation phase (Wind and Mahajan, 1997}, Advanced applications of
modern information technology will become more important in the process of
collecting and collating consumer response (Urban et al., 1997) and its trans-
formation inta knowledge and customer understanding en which new product
development creativity can build.

Notes

1 Hans C.M. van Trijp is Consumer Behaviour Scientist at Unilever Research
Laboratory, PO Box 114, 3130 AC Vlaardingen, The Netherlands. Jan-Benedict E.M.
Steenkamp is Professor of Marketing at the Catholic University of Leuven, Belgium
and the GfK Professor of International Marketing Research at Wageningen
Agricultural University, The Netherlands. The authors are indebted to Mr. J.A.
Bijkerk for his support in data analysis and preparing the Figures.

2 Note that the importance issue concerns differences in need importance within a
particular consumer (e.g. consumer X may consider health delivery more impor-
tant than taste) as well as differences between consumers (one consumer may be
more health-oriented while another finds taste more important). The latter dif-
ferences provide a basis for market segmentation, in which case the House of
{Quality would be constructed for each of the various segments separately. We do
not consider the seqmentation issue here,

3 This assumes that the list of engineering characteristics is complete and accurate,
Note that this formulation captures the notion that the relative importance of
quality cue perceptions in quality expectation judgments may be psychologically
moderated through perceived cue-attribute relationships.

5  Extrinsic cues may also be affected by physical product characteristics and intrin-
sic cues by marketing efforts, but the dominant influence on extrinsic cues is like-
ly to be marketing efforts while intrinsic cues will be primarily affected by physi-
cal product characteristics. In this chapter, we concentrate on these dominant
relations.
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Product Development in the Food Industry

Matthijs Dekker and Anita R. Linnemann

Introduction

On his journey from Troy to reclaim his threatened home on Ithaca Odysseus
lands on the island of the nymph Calypso. Calypso takes Qdysseus to her
cavern and there, “The nymph placed at his side the various kinds of food
and drink that mortal men consume, and sat down facing the noble
Odysseus. Her maids set ambrosia and nectar beside her, and the two helped
themselves to the meal spread before them.” (Book V, 195-200). Gods appa-
rently consume merely one type of foed, namely ambrosia, and drink not-
hing other than nectar. This is apparently all they need, and all they want,
This consumption pattern is completely different for us humans, We desire a
variety of foods and demand a large choice of beverages. No single product
is good enough to satisfy our demands in terms of taste or nutrition.

This chapter is about the continuous quest for new foods and beverages
that are required to fulfil the demands of consumers.

Historicat developments in food production and
preparation

Long ago man obtained food by hunting, fishing and gathering. The inven-
tion of the use of fire in food preparation -approximately 500,000 years ago-
gave rise to a range of new food products. Many, particularly starchy, plant
parts could be made digestible by heating, and many animal food products
became more attractive for consumption,

The start of deliberate plant production, agriculture, was the next dra-
matic change in food supply, Walstra (1996) describes changes in food pro-
cessing that occurred concurrently. Pieces of food were initially put in hot
ashes or on hot stones. This heating process was improved by the develop-
ment of the spit and grid. The invention of pottery-making made it possible
to cack food above 3 fire. Pots also turned out to be very useful for storing
foods. Sterage of food, and its preservation, were a matter of life and death
due to the periodicity of crop production,

Heating of foods improved their preservation potential. However, heat
treatment alone was insufficient since this only resulted in a temporary
reduction of the number of micro-organisms and not in their permanent
exclusion. Smoking foods was a better form of preservation due to two
simultaneous effects: drying and the application of chemical compounds
with a preserving effect. Drying in the open air was practised tog, prefera-
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bly in the sun. Cold storage was possible in some regions. Later on, salt and
sugar became available as preservatives. Mostly preservation methods were
combined.

Milling of grain was the next important development in food prepara-
tion. This practice allowed the separation of grain and chaff. Very soon many
uses for flour were developed, including making porridge or bread. During
storage porridge and dough could start to ferment. Fermenting porridge
eventually yielded beer. Fermented dough or sourdough rose during baking
and produced more attractive bread. Gradually many other fermented food
products were developed such as wine, cheese, yoghurt, sauerkraut and tem-
peh (fermented soya). Fermentation contributed to preservation (for exa-
mple due to the presence of lactic acid or alcehol), but it also improved taste
and/or reduced harmfulness (tempeh).

Furthermore new processing metheds were developed to concentrate
valuable substances or to isolate them. Examples include the extraction of
fat and protein from milk to make butter and cheese, respectively; edible oil
was obtained from olives, nuts or seeds by pressing. In addition starch was
produced from roots and tubers by grinding, washing and concentrating.

These historical developments in technological possibilities for food pre-
paration and processing have eventually led to the range of food products
available to the present-day consumer. The goals of food preparation have
remained more or less unaltered over time, in spite of the wide vanety of
observed changes in food preparation methods. Three categories of metho-
dologies are discerned, namely those aiming at i) the production of micrg-
biologically safe food products with sufficient shelf life (i.e. no reduction in
quality during a certain period, the length of which depends on the type of
product), i) the production of tasty and digestible food products, iii) the
production of foods with a high nutritional value which contain the essen-
tial components to maintain and, if possible, improve human health and iv)
more recently the production of foods using environmentally friendly
methods (sustainable production methods).

Industrialisation of food production

Some decades ago, a certain homogenisation of food production took place.
This development occurred when traditional methods were replaced by
mechanized, large-scale industrial production processes. Uniformity in con-
sumer needs formed the basis of the success of the products that the newly
developed industries offered.

In the course of time, industries started to diversify their supply of pro-
ducts. This diversification was stimulated in particular by increasing prospe-
rity after World War IL. Advances in technology facilitated the production of
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an ever-increasing amount of diverse products, without violating industrial
praductivity levels (van Asseldonk, 1995).

Nowadays, consumer behaviour is considered to be increasingly unpre-
dictable. Marketing specialists describe the present consumer as ‘capricious,
impulsive, spontaneous and irrational’ (Andrea, 1995). This description
reflects the frustration resulting from the inadequacy of present marketing
strategies. These ence successful strategies were based on the assumption
that consumers can always be divided in target groups with similar needs,

The observed unpredictability of consumers’ needs and wishes makes it
increasingly difficult to make ptoducts according to fixed production plans
{van Asseldank, 1995}. The ultimate result of this development is that ini-
tiation and control of production chains will be in the hands of the consu-
mers, This presents a great challenge to the food production industry.
Instead of exploiting similarities in consumer needs, as in the past, indus-
tries will have ta exploit differences between consumers to be successful in
the future,

Reversal of production chains

Traditionally, production chains (as schematically shown in figure 4.1) are
charactenized by two distinct features: i) the one-way communication from
producers of raw materials {maost often farmers) to the users of end products
(consumers), and ii) the understanding of the concept of quality. Quality
was, and in a number of cases still is, predominantly based on production
costs and productivity (i.e. at the level of primary production; kg per hecta-
re, and at industrial level: kg product per kg raw material). Nowadays many
actors in the production chain still have these two aspects of quality in com-
mon. However, each actor may atso employ a number of additional quality
determinants, such as homogeneity and storability of raw materials at indus-
trial level and ease of handling at retail level. Such guality determinants are
sometimes incompatible, whereby the guality determinants formulated by
one actor in the chain may conflict with those used by another actor, or even
with those of consumers.

The traditional approach observed in the operation of production chains
was also found in the organisation and implementation of sdentific
research. Research was organized by discipline and could not deal with the
new challenges that arise from rapidly changing consumer preferences. In
the past, agranomists focused their efforts predominantly on raising crop
yield levels through improved cultivation practices and efficient use of
inputs such as fertilizer and pesticides. Plant breeders were concerned with
creating new high-yield varieties that were less susceptible to pests and dis-
ease, The combined efforts of breeders and agronomists resulted in products
that were delivered to the industry for further processing. Industries asses-
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sed the quality of the raw material they received and consequently tried to
make the mast of it.

This traditiona! approach to research and production leaves many possi-
bilities for improving product quality open, and as such is inadequate to
respond to the changes that the present market developments dictate. First
of all it is necessary to integrate the complete production chain, and consu-
mers’ demands must act as the driving force for the production chain
{Jongen et al., 1996).

Perspectives on traditional product development

The development and introduction of new food products require large invest-
ments, in terms of money as well as manpower. And yet the rate of success is
very disappointing. Failures are commonly attributed to the predominantly
empirical methods that are used in product development. According to
Keuning {1994), it takes on average 7 to 10 years from the first idea about a
possible new product to actual market introduction. Most ideas never even
reach the marketing stage. For every product entering the test market, 13
others have not survived the development process at laboratory or pilot-plant
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scale (Fuller, 1994). Of the products that are finally launched, fifty percent
does not survive the test market. More than twenty percent of newly intradu-
ced food products disappears within three years from the market, and after
five years less than twenty percent of these products is still on the market.
Figure 4.2 shows this funnelling effect from ideas to a successful product.
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The histary of preduct development shows a number of consecutive
generations of products, These generations are characterized by an increase
over time in the complexity of the quality standards they have to meet. The
mast important criterion for the first generation of products was improve-
ment in preservation and the prevention of spoilage. The important feature
of the second generation was that products had to comply with specific
demands regarding nutritional value and taste. The third generation was
characterized by convenience for use. The additional requirement for the
present, fourth generation is that food products must fuifil a role in the pre-
servation and improvement of human health (Jongen, 1995).

Reasons for developing new food products

Taking into account the very high rate of failure of developing and introdu-
cing new food products, one must have very strong reasons for putting time
and money into the endeavour, Apparently industry has these reasons more
and more, judging by the ever increasing number of preduct launches which
take place. In the USA the number of product launches was 1030 in 1970,
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2016 in 1980 and had risen to 9192 by 1890 {Kantor, 1991)!

The final consideration which has to be made when planning product
development is always the profitability of the company in the longer term.
Despite the huge costs involved in the process, future earnings should
always more than compensate these. The reasons for initiating product deve-
lopment can be divided into five categories (Fuller, 1994} which are discus-
sed in the following sections:

Product life cycle

Market changes

Company policy
Technological developments
Regulatory issues

Product life ¢ycle

The life cycle of products in the market place can be divided into five phases
(Figure 4.3):

1. Introduction: low sales, high marketing spending.

2. Increasing growth: new consumers and repeat-buyers, promotional costs
still high.

3. Declining growth: market for product begins to saturate.

4, Maturity: stable period in sales, stagnating market.

5. Decline: competing products adversely affect sales.

The length of these phases varies for each product. A food company will of
course have many different products in different phases of their life cycles.
To maintain its overall profitability it is therefore essential for a company to
initiate new life cycles regularly by intreducing newly developed products,

Sales Volume

Loss/Profit

Time
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Market changes

The marketplace is constantly changing as a result of a number of predictable
and unpredictable trends. Retail outlets for food are currently taking on many
new forms; department stores, mail catalogue shopping, electronic shopping
and internet shopping are changing consumers’ buying habits, The tradition-
al supermarket is also adopting new concepts in retailing, and is becoming a
collection of specialized food stores (Fuller 1994). *Shop-around-the-clock’
convenience stores are increasing in numbers. Less time is spent on preparing
food, and convenience foods are popular. Dining in restaurants and buying
take-away food is becoming more popular. More people are becoming aware of
the relation between their health and the food they consume,

All these changes are taking place because the consumers makes deci-
sions which are based on convenience for daily life. Food manufacturers ser-
ving this market sector must respond guickly to changes.

Another important factor in the market is the competition. The launch of
an improved product by a competitor can be a serious threat to the position
of a company. Retaliatory actions may therefore be required. These can be
very short term actions like new pricing strategies, promotional gimmicks,
or medium term actions in the form of the development of comparable pro-
ducts (the ‘me too” approach).

The fluidity of the market place must be accepted by the food manufac-
turer as a challenge. It should be kept in mind that no single product will
answer all the demands of consumers. New products are required to satisfy
emerging market niches.

The use of the marketplace (i.e. consumer demands) as the basis for
structured product development is incorporated in the tool “Quality Function
Deployment” which is discussed in 4.8.

Company policy

Each company has the desire to grow and make profit in a certain area. The
area in which the company has chosen to be active is often translated into
a mission statement. This mission statement can be extended with a more
practical strategy (Keuning, 1994). A strategy should contain the following
elements: objectives, resources requived, and timing. Usually the objectives
contain an element of growth (Fuller, 1994), e.g. in terms of market share
{relative to a competitor), entering a new geographical area, or selting more
profitable products.

Historical developments, available resources and the competition are
issues that influence the content of company strategies. It is essential that
the strategy is known throughout the entire company and that practical
decisions reflect its implementation to all employees (Keuning, 1994).



Product Development in the Food Industry

4.6.4 Technological developments

4.6.5

74

The developments in scientific research and their implementation in new
technologies or new materials create novel products and services that were
simply not possible in the past.

Gaod examples can be found in the area of food packaging. The start of
the large scale food industry was the introduction of the three-piece can,
which enabled safe canning and sterilisation of foods, Nowadays a multitu-
de of materials in all shapes and sizes are available for food packaging:
steel, aluminium, glass, plastics, coated paper, laminates of paper, plastic,
aluminium and even glass. These materials have permitted the manufacture
of a wide range of containers with unique properties to preserve and protect
the high quality of foods. Novel forms of packaging can be microwaveable,
edible, degradable, and/or recyclable.

Greater knowledge of food quality deteriaration processes has given rise
to new products with good stability in combination with higher quality
(improved flavour, colour, texture, etc.} and nutritional value (higher levels
of vitamins, etc.),

Knowledge in the area of nutrition and health has led to a growing awa-
reness of the role of foad in health, The relation between certain foods and
the occurrence of cancer and cardiovascular disease in particular is receiving
more attention. The development of functional foods is a consequence of
this knowledge (see 4.9).

Developments in computers linked with telecommunications and infor-
mation databases through the internet have enabled even the smallest food
processing company to use the fatest information in their product develop-
ment activities (Fuller, 1994).

Regulatory issues
The objectives of (US) government food legislation are {Wood, 1985);

1. To ensure that the food supply is safe and free from contamination within
the limits of available knowledge and at a cost affordable by the consumer,

2. To develop standards for composition of foods and labelling of foods
tagether with food manufacturers.

3. To maintain fair trading and competitian among retailers and manufac-
turers in such a way as to benefit consumers.

The first and second objectives will influence technical development of food
products, The second and third will influence the marketing and sales possi-
bilities. Besides national legislation there are international bodies which can
affect food product development through international trade laws or other
legislation. Examples are the General Agreement on Trade and Tariffs (GATT),
the European Union (EU), the International Standards Organisation (ISO),
the Codex Alimentaris of the FAO/WHO and many bi- or tri-lateral trade
agreements between countries (Fulter, 1994).
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Quality determinants

End product quality in and of itself daes not exist (Jongen, 1995),
Consumers buy and consume products for a number of reasons. These reas-
ons relate predominantly to the charactenistics of the product, but they are
also influenced by, for instance, production methods. These quality attribu-
fes can be divided into the so-catled intrinsic quality determinants and the
extrinsic quality determinants. This terminalogy has been discussed extensi-
vely in chapter 3.4.

The intrinsic factors refer to physical product characteristics such as
taste, texture and shelf life, These intrinsic facters can be measured in an
objective manner, Take, for example, the texture of a product. Texture can be
defined in a physical-chemical way in terms of the composition of cell wall
material and structure, Consumers describe these attributes with wards such
as crisp, floury or tough. In addition there are several other attributes like
taste, nutritional value, shelf life, freshness, safety, appearance and health.
The combination of all these attributes together determines the intrinsic end
product quality.

Extrinsic factors relate to the way in which the food was produced, such
as the use of pesticides, the type of packaging material, a specific proces-
sing technology or the use of genetically modified organisms during the pro-
ductian of ingredients, These extrinsic factors have no direct influence on
the charactenistics of the product, but they can be of overriding importance
in the purchasing policy of consumers.

The sum of the intrinsic and extrinsic factors finally determines the
attractiveness of products to consumers.

Structured approach for product development:
Quality Function Deployment

In the previous section it has become clear that in order to make product
development more successful one has to obey the voice of the customers.
This seems to be an obvious way of approaching the process of designing
new products. However, in practice there are a large number of reasons why
this is difficult to achieve. In companies each separate department usually
specializes in one particular activity: market research, research and deve-
lopment, engineering production, quality control, finance, purchasing, sales
and marketing. Coordinating these activities is incredibly difficult. Product
development involves the input of the expertise of all these departments
and is therefore an extremely complex process. Quality Function Deployment
(QFD), a planning tool, is used by the automotive, electronics, computer
software, defence, health care and mare recently also food industries to aid
in the management of this process and to bring better products to the mar-
ket {Hofmeister, 1991).

QFD originated in 1972 at Mitsubishis’s Kobe shipyard in Japan (Kogure
and Akao, 1983). Since then it has been widely used in Japan, particularly
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among the major exporting companies. More than half of the Union of
Japanese Scientists and Engineering-member companies were using QFD by
1986 (King, 1987). QFD was introduced to the USA by Yaji Akao in 1983 and
the 3M Corporation became the first company to apply QFD in the USA
{Adams and Gavoor, 1990). Since then QFD has spread to nearly every indus-
try and has been used in the food industry since 1987 (Hofmeister, 1991;
Charteris, 1993).

(QFD is a systematic means of ensuring that customer or market require-
ments are accurately translated into retevant technical requirements and
actions through each stage of product development (Fortuna, 1988). As
such, it is a planning process that ensures that quality is engineered into a
praduct ar pracess at the design stage (Charteris, 1993).

QFD will help an organisation to {Hofmeister, 1991):

* Gain an understanding of customer wants and needs.

» Recognize and incorporate company and regulated requirements,

o Develop product requirements to ensure that customer wants are being
addressed.

e Evaluate the competition from a technical as well as a customer view-

point.

Establish long- and short-term priorities.

Document the work as a knowledge base for the future.

Formalize the communication process.

Institutionalize continuous improvement.

The QFD method

The QFD method begins with by seting up a conceptual map (Hauser and
Clausing, 1988). This map cansists of various types of matrices that are lin-
ked together. The first matrix is often referred to as the “House of Quality”
because of the shape of the matrix (Figure 4.4).

This chart is complex at first glance, as it contains a great deal of infor-
mation. However, once one is familiar with a few simple conventions, it
becomes second nature to read and understand the chart. The "house” can
be divided into various rooms and segments. The next part of this section
will explain the methodology of using the matrix approach for product deve-
lopment. The development of an improved tomato ketchup is given by way
of an example {de Vries, 1996; Costa, 1996). We have simplified the account
of the development process to a large extent here for the sake of readabili-
ty, but the principle of the QFD concept remains the same.

The voice of the customer (WHAT's)

The first room of the house of quality is known as the WHAT's. This is a list
of customer requirements, which often is referred to as the ‘voice of the
customer’, These items are usually vague, general, and difficult to imple-
ment directly. This information can be obtained from market research. Often
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Figure 4.5

Voice of the
customer for
improved tomato
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the most powerful customer wants are never verbalized, but are observed
{Hofmeister, 1991). Other sources of information include customer com-
plaints about previous similar products. Seme of these customer wants far
the tomato example are given in Figure 4.5,

rich tomato flavour

not too acidic

no water at surface

pours without scattering

easy to squeeze out
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Besides the customer wants there are other wants to consider, as dis-
cussed in Chapter 4.6.3. Government and other regulations {these ‘wants’
are usually ‘musts’!), company strategies and retailer wants should all be
included, These items should be incorporated into the first QFD matrix but
are kept separate from the consumer wants to ensure the consumer’s voice
is left intact, The company strategy in the case of tomato ketchup might be:
"Our brand should be associated with the absence of additives’.

Product requirements

Once a List of WHAT's has been drawn up, each will require further definition
to explain what a particular want will mean for the product itself. WHAT's
have to be translated into HOW's, The HOW's are known as the product requi-
rements. They should be measurable characteristics that describe the pro-
duct in the language of the engineer. The HOW should be read as: ‘how to
measure’ not as “how to accomplish’. The product requirements should not
be a list of ingredients or process parameters, and in this way there will still
be scope for creativity for the design and manufacturing people (Hofmeister,
1491). In the ketchup example the customer want ‘easy to squeeze out of
the bottle’ might be translated into a measurable ‘force needed to squeeze
the bottle two centimetres’. (Figure 4.6).

rich tomato flavour taste evaluation

not too acidic titratable acid

no water at surface apparent viscosity
pours without scattering serum separation test
easy to squeeze out force to squeeze 2 cm

Relationship matrix

Looking at Figure 4.6 it can be seen that the process is more complex than
just translating each WHAT into one or more HOW's: some of the HOW's will
affect more than one WHAT. This complexity can be reduced by introducing
the relationship matrix between the WHAT's and HOW's (Figure 4.7). In this
matrix different symbols can be used to indicate the strength of the rela-
tionship. Usually four levels of strength are given (strong, medium, weak
and nene). Figure 4.7 shows the relationship matrix for the ketchup.

The relationship matrix should not contain empty or weak rows or
columns. An empty column implies that a technological product requirement
is inappropriate for addressing customer wants. An empty row indicates that
the company has no way of measuring and adapting a customer want regar-
ding the product (Hofmeister, 1991).
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Target values for the
HOW's of tomato
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Objective target values {(HOW MUCH)

Target values should be assigned to all the product requirements {(HOW's).
These levels should represent the customer wants and not necessarily the
current performance levels, The customer want ‘easy to squeeze out’ was
translated to “force to squeeze bottle 2 cm’, and through consumer research
this can be given a vatue, e.q. 10 Newton. The HOW MUCH’s provide specific
objectives that drive the subsequent product design by means of objectively
assessing progress, thus minimising ‘opinion-eering’ (Hofmeister, 1991).
Figure 4.8 shows how the target values are introduced into the QFD matrix.
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Correlation matrix (the roof}

The correlation matrix is a triangular table, often attached to the HOW’s. The
purpose of this roof-like structure is to make clear what correlations exist
between the different product requirements. Changing one of these require-
ments will usually have an effect on another requirement. Using the roof it
is easy to identify areas where trade-off decisions and research and deve-
lopment are required. Symbols are used to describe the types of correlations.
Figure 4.9 shows the correlation matrix for our ketchup example,
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Strong positive correlations means that one requirement supports another.
This is important information because resource efficiencies may be gained
by not duplicating efforts to attain the same result. Strong negative corre-
lations are extremely important because they represent conditions in which
trade-off decisions may be required. In this case it is necessary to discover
whether both target values are achievable or whether more innovative
research is required to pass technological barriers. In this way QFD is valu-
able for identifying tonger-term research and development projects that are
linked to consumer wants.

Benchmarking

In order to establish proper target values (HOW MUCH's) and to ensure good
correlation between the WHAT's and HOW's it is extremely important to know
how competitive products compare with current company products. This is
done for the WHAT's and for the HOW’s separately. The competitive asses-
sment of the WHAT's is called the customer competitive assessment, and
should utilize customer-oriented information, gained through market sur-
veys and other means. This information is plotted on the right-hand site of
the QFD chart in Figure 4.10.
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indicate the conflict
as discussed in the
text
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The competitive assessment of the HOW's is called the engineering competi-
tive assessment. In order to obtain this information the competitive pro-
ducts are analysed by the company’s own techniques (the same as establis-
hing the values for the HOW's} 1t is strongly recommended that the product
engineers be directly involved in this process in order to gain the most com-
plete understanding of competitive products (Hofmeister, 1992). This infor-
mation is plotted graphically, in an area below the HOW MUCH’s (Figure
4.10).

These two graphs yield very powerful information. If WHAT and HOW
items are strongly related to each other, then the customer and engineering
competitive assessments should also be consistent with each other, In our
tomato example the ‘taste evaluation” product requirement (judged by the
company taste panel) is strongly related to the ‘rich tomato flavour’ custo-
mer want. This means that the competitive assessments for these items
should be consistent. In the exampte shown in Figure 4.10 the ‘taste evalu-
ation’ rates the company’s existing product as good (the best) while the
customer scores show exactly the opposite result: the company's product is
performing poarly on ‘rich tomato flavour’ {the worst). If such conflicts are
not solved properly there is a serious risk that the company will develope the
best possible product according to its in-house tests, but fail in the eyes of
the customers.
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The competitive assessment can also be used to determine the target
values {(HOW MUCH’s) to be achieved. This is done by selecting values that are
campetitive and reflect the real customer satisfaction (Hofmeister, 1991).

Priorities for development efforts

Two types of importance ratings usually are brought into QFD charts, and they
are effective in establishing priorities for the continuous improvement efforts.

The first type of rating serves to establish customer priorities for the
wants (WHAT's) and is reflected in the customer importance rating. These
values are derived from market research studies and should indicate how
important the various wants are to the customer, They are usually reported
on 2 scale from 1 to 5.

Using the customer impertance rating and the relationship matrix, an
additional rating can be computed: the technical importance rating. The
relations in the matrix are weighted according to a certain scheme: e.g.
strong relation = 9; medium = 3; weak = 1. The ratings are now calculated
for each HOW by multiplying the relation weight factor with the customer
importance rating for the corresponding WHAT's and summing up the total
for each HOW-column. An example of these ratings in the QFD matrix is
shown in Figure 4.11.

The customer and technical importance ratings should not be taken lite-
rally , but serve as a guide to establish product development priorities
(Hofmeister, 1991).

product ole
requirements | | |»|Z |~
v,
customer (HOW) 1212 HE
requirements HEIE g i
(A
rich tomato flavour 5 e|o|0
not too acidic 2 e |e|O
no water at surface 3 ole
pours without scattering 2 ]
easy to squeeze out 4 o} [ ]
importance rating (absolute) 63(33146727(36
importance rating (%) 31)16 2213 |18




Chapter 4

4.8.9

4.8.10

Figure 4.12

Cascade of the QFD
matrices for product

and package

The complete first ‘house of quality’

The product planning matrix we have built is often called the ‘House of
Quality’. It may be difficult to understand at first glance, even using this
simplified example. For food products the house may contain a matrix of up
to a hundred different WHAT's and HOW’s. However, the house is built up of
graphically depicted elements, all of which are crudal for effective product
development decision making.

It is very likely that the information discussed thus far will already be
availabte somewhere within a company. The key advantages to using the QFD
approach are; one is forced to take the time to pull all information together
and actually use it to satisfy the customer; cross functional teams are wor-
king on avoiding problems instead of solving them later on; the ‘voice of the
customer’ is systematically used to drive all aspects of the product develop-
ment process.

It is important to reatize that QFD is not a fixed process; it can be adap-
ted in many ways to make it suit the particular needs for the development of
the company’s products (Hofmeister, 1991).

Cascading to the next ‘houses’

The product planning matrix that has been built should now be translated
into matrices for design, process, production and packaging of the product.

This cascading from matrix to matrix is done by making the HOW
{MUCHY's of the previous chart the WHAT's of the next chart. To keep all
charts manageable, the items which are going to appear on the next chart

House of Quality: HOW HOW
Ingredients Production Food
— | whar and Process WHAT Design and Product
HOW Design Planning
Product TARGETS TARGETS
WHAT Planning
TARGETS
fl
HOW HOW HOW
Production
Package Process i
5 ! Design and
WHAT Design WHAT Design WHAT Phﬁning Package
TARGETS TARGETS TARGETS
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should be selected carefully. Usually only the ‘new’, ‘important’ (for the
customer!) and the ‘difficult” HOW's are taken to the next chart.

After the product planning matrix two separate development routes are
usually made: one for the product and one for the package {Hofmeister,
1991). These are shown in Figure 4.12.

The package development route usually consists of the following matri-
ces: product planning, package design, manufacturing process design and
production design and planning.

In the food product development route the matrices for the design of
composition of the product and the design of the processes usually have to
be combined because of the many interactions between ingredients and pro-
cess conditions.

Application of QFD for food products

{iFD was not developed specifically for food product development. In fact it

was a long time before the technigue was even taken up by the food indus-

try. There are a number of reasons for this:

¢ Foods can be very complex products; many ingredients show interactions
and affect the way processes should be designed and optimized. This
gives rise to a very large and complicated relationship matrix.

¢ Ingredients for foods show a natural variation which may require conti-
nuos adaptation based on their specifications.

e (ustomer wants can be very diverse and variable. This can result in very
large lists of WHAT's and HOW's which are difficult to capture in a very
precise target value (HOW MUCH).

Despite these limitations, QFD seems to be a potentially very useful tool for
making food product development more effective in satisfying the consumer's
wants. A number of applications of QFD in the food industry have been descri-
bed (Charteris and Keogh, 1991; Charteris, 1992, 1993; Charteris et al., 1992).

Conclusions

Food product development methodologies have to be adapted to the present
market situation. Traditionally products were made from whatever agriculture
produced. Nowadays a more market oriented approach is required to meet the
needs of demanding consumers who are very well aware of their own sense of
quality, The intense competition between feod industries is also forcing deve-
lopmental processes in this direction, Te ensure that the entire food product
development team focuses purely on satisfying the consumer, a structured
approach has to be followed, Quality Function Deployment is a good way of
guiding the development process in a consumer oriented way. Atthough adap-
tation might be necessary for food products compared to ather industrial pro-
ducts, QFD can be an extremely useful tool for food product development.
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Developments in technologies for
food production

M.A.J.S. van Boekel

Introduction

Foods in Western society are to a large extent produced on an industrial scale.
A rough estimate would be that 80-90% of the foods has undergone some tre-
atment, from very simple to very complex. Over the past 100 years food pro-
cessing methods have gradually changed into more scientifically oriented
approaches, although the traditional roots of many food processes can stitl be
recognised. There is still even a market for foods produced (or claimed to be
produced) in the traditional way. For the sake of clarity, we would like to defi-
ne technology as the use of scientifically based techniques to reach a goal in
society; in this particular case the goal is production of foods. Defined in this
way, the word technology is different from the word technique, which is not
necessarily sclentifically based {technigues exist as long as mankind) where-
as technalogy only emerged in the late 19th century.

Today, technalogies for food production are subject to many changes for
several reasons. First, the market for food products has drastically changed
in the last decades, from ‘butk’ production in large quantities to a more con-
sumer-oriented approach. For the food manufacturer this comes down to
paying much more attention to food quality, as this has become a decisive
factar in keeping or obtaining a market position. Such an approach has, of
course, a farge impact on the technologies to be applied. The basic point is:
what technologies are available to help the manufacturer meet consumer
demands. Another reasen for changing technologies may be an economic
push, in order to achieve a higher productivity and/or cost reduction {for
instance, by making a process less labour intensive) and to increase process
reliability. Environmental demands or a more general desire for sustainable
food production may be reasons for change. Other reasons may include
changes in the availability and composition or properties of raw materials,
outside normal biological variability, for instance due to genetic modifica-
tion. Remarkably, changes caused by technology push are rare in the food
industry, although they do exist, high pressure treatment of foods and
extrusion cooking being examples. Irradiation technology is another exa-
mple but which has had limited success because of consumer rejection.

In this chapter we will try to put changes in technologies for food pro-
duction into perspective. In order to do so, we will first give an overview of
food technology and its role in food production. Within that framework, we
will discuss new and existing technologies for food products. We will not go
into detail but rather refer to relevant literature. An extensive impression of
new and existing food technologies can be found in recent conference pro-
ceedings (Yano et al., 1994} and in a multi-authored book (Gaonkar, 1995).
In addition, the Journals ‘Trends in Food Science and Technology” and ‘Food
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Technology’ offer frequent reviews of new developments in Food Science and
Technology.

Food technology and its goals

It is perhaps useful to define the field of food technology more precisely for
the remainder of this chapter. In our view, food technology comprises the
combination of food process engineering and food science. Food process
engineering uses chemical engineering principles {e.g. Niranjan, 1994}, i.e.
the application of mass, energy and momentum balances (the combination
of which is called transport phenomena) in so-called unit operations. A unit
gperation is a hasic process such as crystallization, filtration, extraction,
centrifugation, fluid flow, pasteurization, etc., and a whole process is built
up of a limited number of unit operations. Mass transfer occurs, for instan-
ce, in the extraction of oil from oil seeds or during distillation or crystatli-
zation; energy transfer occurs during pasteurization and sterilization in heat
exchangers, momentum transfer is of importance in pumping of fluids, flaw
in pipes, etc. Frequently, mass, energy and momentum transfer occur at the
same time in food processing. Knowledge of transport phenomena s neces-
sary for process design, while it is also necessary to take into account phase
changes and biochemical reactions that may happen during the process, and
for this knowledge of thermodynamics and kinetics is necessary. What
makes food process engineering different from chemical engineering is that
foods are complex heterogeneous materials, and the relevant physico-che-
mical properties are often not well-known, such as thermal, colligative, mass
transfer, rheological properties. In addition, such properties vary with the
inherent variation in biclogical materials, and most importantly, they may
drastically change during processing. More information on such properties
can be found in Rao & Rizvi (1986). To complicate matters even further, reac-
tants in a biochemical reaction may be separated at first, e.q. by cell walls,
but may come together as a result of the process, for instance because cell
walls are disrupted, It is here where food process engineering is inextricably
entwined with understanding of the systems involved, i.e. with food scien-
ce. Food science studies physical, chemical, biochemical and microbiological
properties of foods, and, as indicated above, knowledge of these properties
and of their changes due to processing is necessary for the food engineer to
be able to design processes. The synthesis of process engineering and food
science is food technology (including economic aspects of a process as well).
Another aspect that distinguishes food engineering from most chemical eng-
ineering is the required safety of the food and consequently the special
hygienic design of food processes, which may sometimes seriously limit pos-
sibilities; fouling of equipment {especially membranes and heat exchangers)
can be quite severe in some cases and the subsequent cleaning which is
necessary requires special design of the equipment and the process.

The goal of food technology is to convert raw materials into high-guality
food products at the lowest possible cost; the objectives of food technologies
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can be classified into four categories (Figure 5.1). There are, of course, sever-
al other ways of classifying (see Niranjan (1994) for another one), but we
found this classification useful for discussing new and existing technologies.

Foodtechnology processes |

—T— T

Stabilisation Transformation Production Production of
(preservation) ingredients fabricated
foods

Processes to preserve foods (stabilization processes)

Food products are usually non-equilibrium systems, i.e. they are in a state
of thermodynamic instability. A very important goal of food technology is to
bring the food in a {pseudo) stable state, meaning that the stability of the
food is greater than its lifetime. In order to achieve that, several aspects can
be recognised.

Microbial stabilization:

First and foremost foods ought to be safe from a microbiological point of
view. Pathogenic micrg-organisms {or sometimes their metabolites) should
be remaved or eliminated. Furthermore, spoilage due to micro-organisms
should be prevented: e.g. to prevent souring of milk, mould growth in bread,
yeast fermentation in fruit juices. The most frequently used process in this
respect is heating: pasteurization (often the minimal heat treatment to ens-
ure absence of pathogens} or stenlization (no micro-organisms left, com-
plete microbiat stability).

Chemical stabilization:

Some chemical reactions cause a decrease in quality of foods, Examples are
the Maillard reaction (non-enzymatic browning reaction, causing discolora-
tion, off-flavours, loss of nutritional quality, perhaps formation of toxicolo-
gically suspect compounds), and fat exidation (causing off-flavours and loss
of nutritional guality). In such cases, it is necessary to minimize unwanted
reactions as much as possible.
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Biochemical stabilization:

Raw materials from both plant and animal origin contain enzymes that can
cause deterioration of the materials, e.g. protein breakdown by proteases,
fat breakdown by lipases, enzymatic browning by polyphenol oxidase. In as
far as these changes are undesirable, such enzymes should be destroyed, or
at least inhibited.

Physical stabilization:

Foods should be physically stable, that is to say, they should not show phase
separation (demixing), not dry out, keep a certain tonsistency, etc.

A very important aspect of all preservation technologies is packaging. It forms
the barrier between the food and its environment, it can protect the foad from
recontamination and other undesirable influences from the environment
(such as oxygen). Packaging, therefore, has a large effect on food quality.

Transformation processes

Raw materials are transformed into foods by means of a variety of processes,
such as fermentation (using micro-organisms or enzymes, e.g. cheese, olives,
tea leaves, cocoa, beer, wine), extrusion {e.g. snacks from starch containing
raw materials), hydrogenation of fats, emulsification, extraction {e.g. fruit jui-
ces). Frequently, the resulting food product does not resemble the raw mate-
rial in appearance or praperties. For instance, cheese is completely different
from milk, bread is different from wheat, orange juice different from oranges.

Separation processes

Separation processes are used to obtain components or ingredients from raw
materials, e.g. processes to obtain starch from potatoes or maize, milk pro-
teins from miltk, sugar from sugar cane or beets, oil from soy beans or olives.
Typical processes used are phase separations (filters, membranes, centrifu-
gation) and molecular separations (crystallization, distillation}.

Manufacture of fabricated foods

Fabricated foods are foods that are made from various ingredients and they
are coming up strongly in the food market these days. Traditicnal foods such
as bread or cheese can be seen as fabricated foods. Examples of ‘new’ foods
are cheese in which milk fat is replaced by a fat from plant origin, replacement
of milk proteins in milk products by soy protein, cocoa-butter substitutes,
bakery products and ready-made meals. A very successful fabricated food has
been margarine, basically an imitation of butter. An example that has not
been very successful is TVP (‘texturized vegetable protein®), an attempt to
produce a meat substitute. Functional foods, which are claimed to have speci-
fic health effects, also belong to the category of fabricated foods.
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Position of food technology in the food production chain

The position of food technology in the food production chain is shown in
Figure 5.2.

Raw materials for food products are produced in the chain element of pri-
mary production, i.e. trop growing, cattie husbandry, fishing, milking and
the like. As soon as the raw materials are harvested, they become the
domain of food technology. Admittedly, some products such as fresh vege-
tables and fruits do not undergo treatment befare they reach the consumer,
but here also a trend can be seen, as technologies including modified and
controlled atmosphere packaging emerge, which is discussed below. After
processing, storage and distribution are still within the domain of food tech-
nology because of possible changes which can take place in the food. These
changes must be controlled during the preceding production process. In the
consumption phase, the effects of the food on the consumer become the
domain of nutritional sciences. In summary, food technology is centrally
situated between primary production of the raw materials and consumption
of the food. It is obviously a multidisciplinary field of study. Food technolo-
gists have to be aware of what is going on in the field of primary production
because this may affect quality and praperties of raw materials and may have
a large impact on the process chosen. At the same time they produce foods
with a certain nutritional value, or even a health promoting effect, and, tast
but not least, desired organoleptic properties, First and foremost, food tech-
nologists should produce foods that are safe from the toxicological as well
as the micrabial point of view.

The boundary conditions for food technology are quite strict, as summa-
rised in Figure 5.3. In other words, new as well as existing technalogies have
to take these constraints into account. Neverthetess, there are apparently
continuous changes, as described in the following sections.
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Developments in stabilization technologies
Heating processes

The most widely used existing stabilization technology is, of course, heat
treatment. Heating inactivates micro-organisms and enzymes, hence ena-
bling the production of safe, keepable foods. The drawback is, however, that
heating may impair the quality of the foed. Chemical reactians are accelera-
ted at high temperature and cannot be prevented. These cause loss of nutri-
tional value (e.g. destruction of vitamins), organoleptic cnanges (for instan-
ce, brown discoloration and off-flavours due to the Maillard reaction).
Heating technology may be optimized, however, to produce safe and stable
foods but with the least heat damage possible, Use is then made of the dif-
ferent temperature sensitivities of microbial inactivation (usually baving a
high activation energy) and ‘nrormal’ chemical reactions {mostly with lower
activation energy). Figure 5.4 illustrates this phenomenon.

This approacn results in the HTST (high temperature short time) and UHT
{ultra-high temperature; processes (Figure 5.4), which have gained popula-
rity, especially in the dairy industry. Many new technologies are in fact
based on this optimization of time-temperature combinations {balance
between microbial and enzyme inactivation on the one hand, and as little
heat damage as possible on the other hand). This optimization includes
attempts to reduce residence time distribution and heating-up and cooling-
down periods in the equipment, to avoid overprocessing. furthermore, asep-
tic packaging technology is a prerequisite for this optimization because
packaging has to be dane after heating.

Heating of foods containing particulates presents special problems
because liquid and solid phases are heated at different rates. In addition,
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particulates are easily damaged by pumps, in heat exchangers and during
the filling process. One sotution is to heat solid and liquid phases separate-
ly and remix them again before filling (Bengtsson, 19%4). Some new deve-
lopments are discussed below, such as nonthermal processes (Mertens &
Knorr, 1992) and combinations of preservation methods (Leistner, 1992).

There are also some new developments in the traditional process of can-
ning foods, where it has been shown that variable retort temperatures can
be more beneficial for the quality of the resulting product than holding at a
fixed maximum temperature {Durance, 1997). In addition, this results in
energy efficient processes with reduced processing time and production
costs. This can be achieved with the aid of computer simulations and auto-
mated process control.

Microwave heating

Microwave heating is widely known because of its application in the house-
hotd. It can also be used an an industrial scale, though frequently in combi-
nation with conventional heating methods. The process allows a rapid
heating-up and in-depth heating of the material as the heat is generated wit-
hin the food and continuous processes are possible. Rapid coviimg-down is
however not possible, and neither is regeneration of heat. In addition, micro-
wave heating can also be used for packaged food. According to Bengtsson
(1994), the largest application of microwave technology is for tempering to
just below the ice-melting temperature of frozen meats and fruits. A problem
remaining with microwave heating is that the electromagnetic field is not
homogeneous so that heating rates within the food can be different.
High-frequency heating (near 27 Mhz) is simpler than microwave heating
and can be done with larger amounts. However, high-frequency heating is
less flexible, more bulky and less frequency stable and is used, if at all, in
combination with conventional technologies (Bengtssen, 1994).
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Electricol resistance heating (ohmic heating)

If electrical conductivity of food components is about equal and if neither
the voltage nor electrical current applied are excessively high, this techno-
logy is suitable for rapid and mild heating of tiquids and solids, though rapid
cocling and regeneration of heat is not possible. Its application on an indus-
trial scale is still limited, but is expected to grow in the future (Bengtsson,
1994). Applications are continuous cooking, pasteunization and stenilization
in combination with aseptic packaging. The main advantages of the method
are very rapid and even heating and absence of overheating at the tube walls
(Fryer & Li, 1993, Parrot, 1992). Heating of particulate-containing foods
works better with this technigue than with conventional heating. A recent
overview an chmic heating (IFT Sympasium, 1996) includes information on
product development and economic aspects. It was concluded that ohmic
heating holds considerable perspective for some food processes, especiatly
for processing low-acid foods. Ohmic operational costs were found to be
comparable to those for freezing and retort processing of low-acid products.

Infrared heating

Infrared (IR) heating transfers heat by radiation. Short-wave IR (wave-
length near 1 {m) and intermediate IR (wavelength near 10 (m) make it pos-
sible to heat quickly to a penetration depth of 5 mm. Energy is converted
into heat by interaction with molecules in the surface of the food, as oppo-
sed to conventional oven heating where heat is transferred through convec-
tion of drculating hot air. The features of infrared heating are (Sakai &
Hanzawa, 1994):

» efficient heat transfer to the food

s the surrounding air is not heated

+ more uniform heating and rapid heating rates

¢ compact and automatic constructions are possible.

Possible industrial applications are in continuous baking, drying and gril-
ling, thawing and pasteurization, but the technique is not yet widely used in
the food industry (Bengtsson, 1994). Regeneration of heat is not easy.

High electric field pulses

High-voltage micro or milliseconds pulses (field strengths in the order of 15-
30 kV/cm) cause damage to microbial cells {“electroporation”), thus inacti-
vating them. Damage to food components does not seem to occur, so the
sensorial quality is not impaired (retention of flavour, nutrients and resem-
blance of freshness). Inactivation of proteases is also reported (Vega-
Mercado et al., 1997), but a limitation of the technique is that it does not
inactivate spores (Knorr et al., 1994), though Marquez et al. (1997) claim
that spores can be inactivated at increased temperature or increased time
gap between pulses. Inactivation depends on factors such as electrical field
intensity and/or number of pulses, temperature, pH, ionic strength and con-
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ductivity of the medium. The advantage is that an instant distribution
throughout a conductive food system is reached using short treatment times
and very little heating. However, this nonthermal stabilization technigue
does not yet seem to be commercially attractive (Bengtssan, 1994), though
prototype equipment is available and products such as fruit juices and liquid
eqgs could be industrially processed using this technology in the future
(Vega-Mercado et al., 1997, (in et al., 1995),

Pulsed light

Pulsed tight with the power of an intense flash of sunlight-like light, with a
spectrum between 200 nm and 1 mm and maximum emission between 400-
500 nm, has bactericidal power, and the technique can thus be used to
extend shelf life of foeds and to kill micra-organisms on packaging materials
(Dunn et al., 1995). Pulsed light is reported to have a higher bactericidal
effect than conventional UV light and may have potential for treating baked
goods, meat and seafood (Dunn et al., 1995). However, the killing effect on
micra-organisms is limited ta surfaces and to transparent media,

Ultrasound

This technology can be divided in two applications: low- and high-intensity
ultrasound. Low-intensity ultrasound (power < 1 W(cm™?) is useful as an ana-
lytical tool for studying physico-chemical properties of foods (McClements,
1995); it could also be used in-line during praduction as it is a non-invasive
and non-destructive method. High-intensity ultrasound (typicatly in the
power range of 10-1000 W{cm?) causes physical disruption and promotes
chemical reactions involving radicals (such as oxidation) by generating
intense pressure, shear and temperature gradients (McClements, 1995).
Although enzyme and micro-organism inactivation is possible, its largest
potential is probably in emulsification, deaggregation, degassing, induction
of crystallization and phase separation. It may also facilitate heat and mass
transfer in drying processes. The potential of high-intensity ultrasound still
needs to be translated into low-cost equipment before it can be used in food
processing (IFT Symposium, 1994a).

Irradiation by y-waves

This was a competely new technology far stabilising foods which was deve-
loped in the 1940-1950s. The principle is based on inactivation of micro-
organisms and enzymes due to formation of radicals induced by the radio-
active waves. If the radiation intensity becomes too high, chemical damage
to the foad itself also occurs. For instance, fat oxidation may become a pro-
blem, as fat oxidation is initiated by radicals, However, processing condi-
tions are well established and good quality foods can be produced (IFT
Symposium, 1994b). This technology has not been a success, however,
because of rejection by the consumer, who associates the technique with
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radioactive foods. Although this is of course a misconception, because the
foods do not come into contact with radioactive material, the technology is
at present not able to demonstrate its potential. It is now being used for
limited purposes only, such as sterilization of spices and condiments, or to
prevent some unwanted physiological changes in stored fruits and vegeta-
bles, such as potatoes, strawberries, mushrooms. Irradiation is not suitable
far inactivation of specific parasites but is more useful in ensuring safety
from a variety of foodborne pathogens and in prolonging shelf life
(Loaharana & Murrell, 1994). Perhaps irradiation will be used more in the
future in combination with other methods of food preservation (Thakur &
Singh, 1995). An example is the combination of refrigeration and irradiation
to improve the safety and shelf life of fresh meat and poultry (Murrano,
1995).

High-pressure treatment

This is probably the most promising new technology for stabilising and pre-
serving foods, and is already used, especially for fruit and vegetables. The
potential of high-pressure treatment was already known for a long time, but
its application was limited by technical difficulties, which now seem to have
been overcome, The pressure range of interest is between 400-600 MPa and
the working principle is based on inactivation of enzymes and micro-orga-
nisms, probably because of irreversible protein denaturation. Because high-
pressure treatment can be given at low temperatures, heat damage does not
occur; pressure is distributed evenly throughout the food and the resulting
product almost resembles fresh food. Righ-pressure technology also opens up
possibilities for inducing some structure, as gelation of proteins or starch can
be the result of the treatment (e.g. Messens et al., 1997). However, less desi-
rable changes may also occur; it was found that lipid oxidation in fish muscle
was enhanced by high pressure {Oshima et al., 1993). One drawback of high-
pressure treatment is that it cannot yet be carried out in continuous mode,
though a semi-continuous process can be used by overlapping batch units.
There is much research being carried out on high pressure treatment at the
moment, see for instance, Ledward et al. {1995), IFT Symposium (1993).

Cooling and freezing

Stabilization by cooling and freezing is alse a frequently used process. The
working principle is the slowing down of reaction rates {both chemically and
physiologically). Sensorial and nutritional quality are not usually impaired
by the process itself, apart from possible damage in the case of freezing
when ice crystals are formed (which damages cell structures) and changes
induced by the resulting high ianic strength and pH changes. Cooling and
freezing cannot result in completely stable products: even at low tempera-
tures chemical and biochemical reactions continue, albeit at a slow rate. As
soon as the temperature increases, degradation {including growth of micro-
organisms) becomes prominent. There are not really any new developments



Chapter 5

97

in this field (apart from technical improvements, such as savings in energy
requirements, rate of freezing, and improved process control, George, 1993).
Perhaps new possibitities will arise with increased knowledge on control of
ice crystallization, and growth and manipulation of the phase states of fro-
zen water, Another possibility would be the addition of a sugar like trehalo-
se to prevent ice crystal growth due to its ability te form a glass {Scher,
1993, Roser, 1991) Using extremely high freezing rates, it may be possible
to go directly into the glassy state regian even fram high levels of unfrozen
water (Bengtsson, 1994). Osmotic concentration of cut fruits and vegetables
changes the solid matter content so that the glassy state is reached at hig-
her temperature than normal when freezing; such a process should result in
higher quality retention (Bengtsson, 1994). The effect of deep-freezing and
the glassy state has been discussed by Goff (1992). Another development is
the use of antifreeze proteins to block undesirable nucleation and ice-cry-
stal growth (Swienteck, 1992), but whether this is a realistic option in food
technology remains a question. High-pressure technology in combination
with low temperatures also provides the means to control freezing and tha-
wing of foods (Bengtsson, 1994).

Minimal processing

Minimal processing is becoming a popular way to satisfy consumer demand for
fresh foods which nevertheless have a substantial shelf life. Minimal proces-
sing is a somewhat vague concept, as it may actually involve substantial pro-
cessing, but what is meant is that foods are produced which retain a fresh-like
quality and contain only natural ingredients. Minimal processing can be
described as processing which is invisible to the consumer, and can be applied
at various stages of the foed distribution chain (processing, storage, packa-
ging, Ohlsson, 1994). It 35 especially of interest for fruits and vegetables.
Ahvenainen (1996} has provided a recent overview and distinguishes two pur-
poses of minimal processing: i) to keep the produce fresh, yet supply it in a
convenient form without lesing nutritional quality, ii} to ensure a sufficiently
long shelf life so that distribution to the consumer is feasible,

Hurdle technology

The concept of hurdle technalogy is not new, but is currently receiving rene-
wed attention in refation ta minimal processing of foods. It means that exis-
ting and novel preservation techniques are combined to give a series of pre-
servative factors, called hurdles, that cannot be overcome by micro-orga-
nisms {Leistner & Gorris, 1995). Examples of hurdles are temperature
(heating, cooling), water activity, pM, redox potential and preservatives
{chemical agents, bacteriocins). Novel preservative factors are gas packa-
ging, ultra-high pressure treatment, edible coatings, use of bacteriocins
(Leistner & Gorris, 1995). Hurdles should not be taken too literatly: in most
cases it is not so much that micro-organisms overcome one hurdle and then
face another; rather, it is the synergistic effect of factors {e.g. the combi-
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nation of pH and water activity).

The concept of hurdle technology has been more or less reinvented in
the meat industry for the production of sausages, and can now also be used
in the production of fruits and vegetables, bakery, dairy and fish products
(Leistner & Gorris, 1995).

Sous-vide

Sous-vide cooking is vacuum cooking of raw materials and/or foods in heat-
stable vacuum pouches under controlled conditions of temperature and time
(Schellekens, 1996). The process is especially suitable for ready-made meals
and is claimed to provide better quality (sensorial as well as nutritional)
than normally cooked meals. Long heating times and relatively low heating
temperatures are used to avoid thermal damage. However, the use of a low
heating temperature results in only a small pasteurizing effect and hence a
limited shelf life at 0°C. The micrabiclogical safety of sous-vide cooked pro-
ducts can be improved by introducing the concept of hurdle technology.
The packaging material in which the foods are heated is subject to strict
requirements: it should be heat-stable, have low permeability for gases, suf-
ficient mechanical strength, and it should, of course, be food-grade {no
migration of camponents from the package to the food). Sous-vide cooking is
a semi-continuous process and is used mostly in catering (Schellekens, 1996).

Drying and concentration

Water is a very important compound in food and has a great impact on the
chemical, microbiological and physical stability of foods. Food preservation
and food quality depend to a large extent on appropriate management of
foad moisture (van den Berg, 1991}. The reactivity of water is the key fac-
tor, more so than water content. Food scientists are accustomed to use water
activity as the important factor in this respect. However, there is some deba-
tein the literature as to whether this is the carrect parameter {van den Berg,
1991, Franks, 1991, Slade & Levine, 1991, Roos et al., 1996, Fennema,
1996}, It is beyond the scope of this chapter to go into detail; suffice it to
say that the cancept of water activity in relation to food stability is still use-
ful but it should not be taken as the definitive parameter as is sometimes
suggested in textbooks,

Removal of water from foods is done for stabilization purposes, and/or
to reduce transport costs. Removal of water can be done in three ways:
e as gas/vapour, by evaporation (usually under reduced pressure to avoid

too high a temperature)
¢ as liquid (water) by reverse osmasis
+ as solid (ice) by freeze concentration,
An overview of dehydration techniques can be found in Cohen & Tang
(1995). Evaporation can be seen as the traditional method for concentration
and is frequently used for liquid foods such as fruit juices and milk products.
The oldest drying technique is undoubtedly solar drying (in the cpen air),
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used for fruit, vegetables, meat, fish. Another technique fram antiquity is
smoking of meat and fish. (In addition to drying, antimicrobial agents are
transferred from the smoke to the product, thus improving stability.) A
somewhat more sophisticated technique than solar drying is convection
drying in drying chambers, mostly done by passing hot air over the product.

Modern drying technology uses spray drying, in which a tiquid product is
atomized through a nozzle or a fast rotating wheel inta small drops sur-
rounded by hot air. Fast evaporation takes place and powder particles result.
Products such as instant coffee, tea and milk powder are examples. Spray
drying is often used in combination with fluidized-bed drying, in which par-
ticulate solids are levitated in an upward-flowing gas (mostly hot air). It is
often useful to agglomerate powder particles to some extent, thus impro-
ving properties such as free flowing, bulk density and instant properties. Jet
agglomeration is a newer technology used to agglomerate particies in tur-
bulent free jets of steam (Schuchmann et al., 1993). It has the advantage
that materials containing volatile compounds can be processed, due to the
short residence time and a narrow residence time distribution.

Drum-drying is a technique in which water is evaporated from a liquid
product on the surface of a heated drum; the technique is used for the pro-
duction of gelatin, but is not used very much otherwise because of possible
heat damage.

freeze-drying (lyophilization) is a technique in which frozen water is
removed from frozen food under high-vacuum without the water going
through the liquid phase. Freeze-drying results in very little damage to the
product and the resulting powder is usually very easily redispersable.
However, the process is slow and expensive, and therefore not much used in
the food industry.

Osmotic drying is a dehydration technique in which products are soaked
in a concentrated sugar or salt solution. In such processes, three types of
mass transfer take place: i) water flow out of the product, i) solute transf-
er from solution to product, iii) a leaching out of the product’s own solutes.
As opposed to traditional soaking technigues (salting, candied fruit), osmo-
tic dehydration involves significant water removal with limited and control-
led solute incorporation (Raocult-Wack, 1994). Optimization of the process is
now possible and new applications could be developed, for instance with
fruits and vegetables, meat and seafood. Industrial application has been
timited until now to semi-candied fruit preduction (Raoult-Wack, 1994).
Osmotic dehydration will be used mainly as a pre-processing step (to save
energy and improve product quality) since the process will not generally
yield a stable product when used on its own.

Novel dehydration techniques employ lower temperatures and/or decre-
ased drying times. Examples are microwave drying, dielectric drying, and
microwave augmented freeze-drying (Cohen & Tang, 1995). Drying by micra-
wave in combination with hot air allows controllable water transport in rela-
tion to surface evaporation for accelerated dehydration and less volume
change. Drying with microwave under strong volume expansion provides
possibilities for new fat-free snacks (Bengtsson, 1994). Centrifugal fluidi-
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zed-bed drying is the same as conventional fluid-bed drying but uses a rota-
ting chamber to speed up the drying process. Ball drying uses a screw con-
veyer in hot air, and the material within the drying chamber comes into
direct contact with heated balls made from ceramic or heat-conductive
material; drying occurs primarily by conduction. Ball drying is only useful for
small particles; the advantage is that lower temperatures can be used (e.g.
70 °(). Ultrasonic drying produces small droplets through a nozzle and then
by further cavitation using ultrasonic energy within a drying chamber. Cohen
& Tang (1995) concluded that there s no one best drying technique, it
depends on the type of product and the susceptibility of the products to
heat, and of course on the cost of processing.

Reverse osmosis is a relatively new technology, and is used in the dairy
industry to vemove water from whey. Freeze concentration is also relatively
new and is used for fruit juices, coffee extracts, beer, wine and tea
{Deshpande et al., 1984}. The possibilities for using the technolagy for milk
products have also been explored (van Mil & Bouman, 1990}, The advanta-
ges of freeze concentration are that the process takes place at low tempera-
ture, hence no flavour loss and no significant microbial or enzymatic activi-
ty, and little or no undesirable physical ar chemical changes. In principle,
there are two stages in the method, i) crystallization (e.g. in a scraped-sur-
face heat exchanger) and ii} separation of the ice crystals by centrifugation
or wash column. A major drawback of freeze-concentration is that the costs
are three ta four times higher than for evaporation or reverse osmosis, so a
cost-benefit analysis should be made {van Mil & Bouman, 1990).

Packaging

Packaging is important to keep processed foods stable. Packaging of foods
can be done using traditional canning and bottling, or using aseptic packa-
ging technology in the form of cartons and pouches, Aseptic packaging
means that a product is packed free from undesirable micro-organisms
{removed or eliminated in a preceding operation) in packaging material that
is also free from undesirable micro-organisms {EHEDG report, 1993). There
have been no new packaging technologies developed recently, but thereis a
constant search for better packaging materials such as plastic materials and
flexible aluminium pouches. As was pointed aut by Cleland (19986), it is not
just packaging but rather the combination of stabilization/preservation and
packaging that counts.

Another development in packaging technology is controlled atmosphere
(CA) and modified atmosphere packaging (MA) in which metabolic processes
in the food are controlled through gas composition. CA is done in a storage
room with monitoring and active adjustment of gas composition, and is used
mainly for bulk storage and transport of fruits and vegetables (Kader et al.,
1889, Church, 1994, Peppelenbos, 1996). The proportion of the gas mixture
in CA is maintained at the onginal level throughout. MA refers to a different
gas composition from that of ambient air without active control of gas com-
position; the gas composition within the package is the result of the balan-
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ce between metabolic rates of the product and diffusion characteristics of
the package and, as a result, the gas composition will change over time,
Gases used in MA are oxygen, nitrogen or carbon dioxide. MA is used for
fruits and veaetables, fresh pasta, cocked and chilled meat and seafood and
prepared salads (Church, 1994}, Gas packaging also has an effect on micro-
organisms and can thus influence shelf life with regard to microbial stabili-
ty (Labuza et al., 1992).

Vacuum packaging is ancther methad whereby air is removed from the
product in a package, resuiting in low oxygen permeability.

Active packaging means packaging methods and agents that actively inf-
luence shelf tife of food, such as oxygen scavengers {Ohlsson, 1994).

For environmental reasons, research is being conducted into edible
toatings made of proteins, starches and waxes, for use as biodegradable
films to package foods. Limitations to these include the fact that such films
are sensitive to moisture and are thus not well-suited for packaging dry, fro-
zen and semi-moist foods (Ohisson, 1994).

Developments in transformation processes

The most important, centuries-old hut still widely used transformation pro-
cess is fermentation. Fermentation can be regarded as a precursor of modern
biotechnology. It is the process by which micro-organisms or enzymes are
used to transform raw matenals into foods, The success of this transforma-
tion is undoubtedly that it involves (usually) a lactic acid fermentation as a
result of which the food becomes safe (no pathogens can grow at low pH) as
well as keepable. Although fermentation processes and fermentation pro-
ducts have been known for centuries, a major change has occurred in this
century because the general principles are now well understood so that the
process can be controlled. In addition, genetic modification of micro-orga-
nisms has made it possible to tailor the properties of micro-organisms or
enzymes to the needs of the specific process. It has also opened up the pos-
sibility of obtaining non-traditional sources of enzymes. An example is the
use of rennet (chymosin) in the cheese industry to clot milk. Traditionally,
this enzyme was obtained from the stomachs of young calves, but nowadays
the enzyme is also praduced by genetically modified microbes.

As far as new fermentation technologies are concerned, traditional batch
methods are replaced by continucus methods, for instance in the brewing of
beer, or the manufacture of yoghurt. Use of immobilised enzymes can greatly
reduce production costs, but care must be taken that the resulting products
are of the same quality as the traditional products. These methods involve
more an optimization of existing technologies than the application of really
new technologies. Some new developments can perhaps be found in solid
state fermentation, as it becomes possible to control this process better,

A subject related to fermentation is the use of ‘probiotics’, bacteria that
are claimed to support the bacterial flora in the gut so as to help in preven-
ting infectious diseases, or even colon cancer. It remains to be firmly esta-
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blished whether probiotics indeed have beneficial effects on the intestinal
tract (0"Sullivan, 1992). In any case, foods containing probiotics are on the
market, and much research is being carried out in this field. For food tech-
nologists it is of importance to develop technologies for probictics contai-
ning foods, so that these foods are acceptable to the consumer as well as
able to carry the probiotic bacteria to the place of destination without loss
of their activity.

Solid-state, or solid-substrate fermentation are processes in which raw
materials are used without addition of water for fermentation by micro-orga-
nisms. An example of a product produced in this way is tempeh, which is the
result of fermentation of soya beans by the mould Rhizopus eligosporus. The
design of solid-substrate ferments is still largely empirical, and the poten-
tial for optimizing these kinds of (mostly traditional) processes needs to be
explored {de Reu, 1995},

Physical transformation processes, such as extrusion and emulsification,
are discussed in the section on technologies for fabricated foods.

Developments in separation technologies

A recent review of methods for bioseparations is provided by Singh & Singh
(1996). They consider four sequential steps: removal of insolubles (e.g. by
filtration, centrifugation), isolation of fractions (e.g. by extraction, adsorp-
tion), purification of components or fractions (e.g. by chromatography) and
refining of the product (e.g. by water removal, crystallization). According to
Singh & Singh (1996} the cost of the final product is invariably dominated
by the concentration in the initial raw material; isolation is the key step to
controlling cost.

Membrane technology

Membranes can be used to concentrate, fractionate and purify materials.
Membrane technology is a pressure-driven process. The technology can be
subdivided into microfiltration {membranes retain particles in the size range
of microns), ultrafiltration (membranes retain molecules of the size of pro-
teins, several thousands of daltons, depending on the cut-off value of the
membrane) and reverse osmosis {anly water is removed). There is also nano-
fiitration which lies between ultrafiltration and reverse osmosis. Applications
are found in the dairy and fruit juice industries and are used to concentrate
mitk, whey, fermentation broth, fruit juices. Production of alcohol-reduced
beers and wines is also possible using membrane technology, as is the extrac-
tian of colours and aromas. Membrane technolegy is energy efficient, easy to
scale up and thermal damage can be limited to a minimum. Limitations are
encountered in fouling of the membranes and lack of durability. However, new
membrane materials are continruously being introduced, such as ceramic
membranes that can withstand high temperatures and arganic solvents and
are resistant over a wide pH range {Cuperus & Nijhuis, 1993).
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Pervaporation is a membrane technique whereby the permeate is directly
evaporated on the other side of the membrane, followed by condensation in a
low temperature condenser, It results in a vapour permeate {later on conden-
sed) and a liquid retentate. The driving force for the mass transfer of perme-
ants from the feed to the permeate is a gradient in chemical potential achie-
ved by applying a difference in partial pressures of the permeants across the
membrane. Difference in partial pressures can be achieved by reducing the
total pressure on the permeate side ar by sweeping an inert gas on the side of
the membrane (Karlson & Tragardh, 1996}, The technique can be used for reco-
very of aromas or aroma concentration and de-alcoholization of beer, wine and
liquor is alsa passible (Singh & Singh, 1996, Karison & Trigardh, 1996).

Electrodialysis is 2 membrane technology whereby molecules or ions are
separated in an electric field using charged membranes {Bengtsson, 1994).
Desalination of whey is an application,

Membrane reactors alsa form a new technology: they integrate catalytic
conversion, product separation and/or concentration, and catalyst recovery
into a single operation (Prazeres & Cabral, 1994). For instance, a biochemi-
cal reaction can take place and the products of the reaction are removed
through the membrane, thus preventing preduct inhibition, and enzyme
loss. Continuous processes are possible in this way, allowing better process
control, higher productivity, more uniform products and the integration of a
purification step in the process (Prazeres & Cabral, 1994). These authors
also provide an overview of possible applications: hydrolysis of proteins and
polysaccharides, synthesis of amino acids and peptides, lactate, aldehydes,
alcohols, hydrolysis of fats and oils and production of mono- and diglyceri-
des, to name but a few.

Industrial chromatography

Chromatography is a technigue that is widely used for analytical purposes
because of its superior separating possibilities. However, application on
industrial scale it is not so easy because of scaling-up problems and the
associated costs. Affinity chromatography, in which the target molecules
adsorb onto a solid phase (the ligand), is used commercially for the produc-
tion of native biologically active substances (Singh & Singh, 1996).
Applications are in the isolation of proteins and peptides, for instance from
milk and whey. Proteins isolated in this way are expensive and are only used
in foods for special applications, for instance, the use of lactoferrin, or bio-
active peptides. Another chromatography application is in the separation of
fructose from a glucose-fructose mixture using calcium-loaded ion-exchan-
ge resins {Singh & Singh, 1996).

The use of immobilized enzymes can also be considered a kind of chro-
matography: enzymes are immobilized onto a solid carrier in a column and
the substrate is fed through the column, Applications are in the continuous
production of beer using immobilized yeast, hydrolysis of galactose using -
galactosidase to produce sweet syrups of glucose and galactose, and hydro-
lysis of proteins (Singh & Singh, 1996).
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Conventional and supercritical fluid extraction

Components can be removed from raw materials by extraction using an
immiscible solvent. The most widely-used form of extraction is probably ail
extraction from oilseeds, but many other applications exist, Solvents used
should be nontoxic, highly efficient and selective, stable, non-flammable,
nonexplasive, environmentally safe and inexpensive (Singh & Singh, 1996).

A supercriticat fluid is a fluid that is above its critical temperature and
pressure, and exhibits characteristics which are intermediate between liquid
and gas. The liquid-like high density makes it a good solvent while the low
gas-like viscosity and lack of surface tension {between the gas and liquid
phase) achieves good penetrating and mixing abilities (Rizvi et al., 1995).
Supercritical fluids leave residual-solvent-free products (Singh & Singh,
1996). The supercritical fluid for foads par excellence is carbor dioxide becau-
se it fs inert, nontoxic, non-flammable, recyclable, readily available in high
purity and leaves no residues (Palmer & Ting, 1995). Its main application until
now has been in the production of decaffeinated coffee beans and extraction
of hop flavours, A general overview of potential applications for supercritical
fluid technology in food processing can be found in Palmer &Ting {1995),

Much research is also being carried out on the production of fractiona-
ted fats in which the solid-liquid balance is changed. This process is of inte-
rest because the technological possibilities of the fractions are greatly
enhanced. The greatest applications are for palm oil and milk fat (Hamm,
1995, Rizvi & Bhaskar, 1995). Fractionation possibilities include dry fractio-
nation {crystallization), solvent fractionation, and detergent fractionation
(Hamm, 1995}, With regard to solvent extraction, supercritical fluid extrac-
tion has received much attention because there is less retention of liguid
phase in the separated solid material, and the fractions obtained melt more
hamogeneously and provide superior selectivity. However, supercritical fluid
extraction is not as popular as crystallization due to high capital investment
and operating costs, though Rizvi & Bhaskar {1995) state that ‘the estima-
ted economic profile of the large-scale commercial plants indicates that
supercritical-C0, is econamically viable for fractionation of milk fat contrary
to what may be the generally-held belief.

Enzymatic and microbial synthesis

Enzymes are mostly used in the food industry te degrade components, and
less to synthesize components. It may well be that enzymatic synthesis will
gain interest in the near future because it can yield components of high puri-
ty with very little contamination. Biotransformations of proteins and fats are
possible to produce components, as well as synthesis of emulsifiers, fla-
vours, peptides and oligosaccharides (Vulfson, 1393). The use of enzymes in
low-water media has several advantages, as discussed by Vulfson (1993). In
principle, biotechnological methods may offer attractive alternatives com-
pared to conventional chemical approaches, but the cost of some enzymes
may be too high for manufacturing products with low added value, On the
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other hand, genetic engineering may offer passibilities for increasing speci-
ficity of enzymes at reduced costs {Vulfson, 1993).

Micro-organisms may also be used to synthesize flavour compounds
{Belin et al., 1992) or food colorants (Arad & Yaron, 1992).

Extraction of proteins with reversed micelles

In the search for novel protein foods, protein sources may come from micro-
organisms. Production of protein by fermentation, using modern biotechno-
logy, is possible, but separation and purification of proteins from the fer-
mentation media is still a bottleneck in downstream processing. Use of
liquid-liquid extraction to isolate protein is a possible method, using selec-
tive solubilization of proteins in reversed micelles as a bioseparation tech-
nique (Pires et al., 1996). These authors also discuss strategies of operation
and scale-up and conclude that the use of reversed micelles shows potential
for application in large-scale continupus mode operations.

Developments in technologies for fabricated foods
Extrusion

In the extrusion process, mixing, shearing, cooking and shaping can oceur,
as mechanical and thermal energy is used to transport the material by means
of rotating helical screws through a die; chemical and physical thanges take
place and the visco-elastic mass {consisting of biopolymers) can be formed
into certain shapes (Rizvi et al., 1995). The process can be used for a multi-
tude of products. Cold-extrusien, in which only shaping takes places {wit-
hout cooking), can be used for the manufacture of pasta, cockies, candies,
dough and pastry. Cooking-extrusion is the process in which raw ingredients
are cooked by the combined action of shear, heat and pressure, resulting in
homogeneous or heterogeneous phases which are fixed by rapid conversion
into a rubber-like or glassy state. Swelling on exiting the die may induce a
porous structure, New technological possibilities are co-extrusion {e.g. cere-
als with a soft stuffing) and co-expansion (two extruders with a comman
die). Twin-screw extruders can be used to emulsify fat, sterilize spices, pro-
duce microparticulates from proteins and to restructure and shape minced
fish and meat with a high water content {Bengtsson, 1994). The use of
supercritical fluids in extrusion technology is described by Rizvi et al.
{1995); this aflows for simultaneous eccurrence of expansion, solute incor-
poration and reduction of melt viscosity, and in the case of carbon dioxide
it can also be used to adjust the melt pH. Upon exiting the die, most of the
carbon dioxide evaporates. All in all, extrusion technology is very suitable
for proeduction of fabricated foods from all kinds of materials. It is the tech-
nique for texturizing protein-containing foods, and shows promise for the
development of novel protein foods (Cheftel, 1992, Ledward & Tester, 1994).
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Encapsulation technology

Encapsulation is a technology whereby solid, liquid or even gaseous materials
are packaged in small particles that are suspended in the food. This technolo-
gy enables substances to be protected to some extent (for instance, minerals,
micro-organisms, enzymes), or be subject to slow, controlled telease (e.q. of
flavours) (Reineccius, 1989, Jackson & Lee, 1991, Pothakamury & Barbasa-
Canovas, 1995). The microparticulate particles can be made from proteins
such as gelatin, or by coacervation of biopolymers {e.g. proteins and polys-
accharides). Alternatively, liposomes can be used (Kim & Baianu, 1991). For
production of microparticulates, spray-drying, coating, extrusion and freeze-
drying methods can be used (Pothakamury & Barbosa-Cénovas, 1995). Water-
soluble polymers can be used to encapsulate hydrophobic materials, and
water-insaluble polymers for encapsulation of aqueous materials. The pro-
blem for foods is that the materials should be food-grade, and use must be
made of food biopolymers, if necessary modified.

Products can also be encapsulated via solid-melt technology {extrusion-
type processes), resulting in commercially stable glasses, The primary featu-
re is stability which is particularly significant in minimally packaged pro-
ducts (Popplewell et al., 1995). The authors claim that the new process is
versatile, scaleable and economically feasible,

Fat replocers

In the search for fat-free or low-fat food products to satisfy consumer
demands, attempts have been made to find fat substitutes. The problem with
tow-fat or fat-free foods is that they lack the taste and structure of the cor-
responding fat-containing foods. Fat contributes to structure and texture
because it is one of the structurat elements of the food. Fat is also a good
solvent for flavour substances which tend to often be somewhat hydropho-
bic in character, hence removal of fat also removes a source of flavour com-
ponents, or causes a shift in the balance of flavour compounds (Plug &
Haring, 1993, IFT Symposium, 1997a). fat replacers should therefore also be
substitutes for structure and flavour. There are three types of fat replacers
(Lucca & Tepper, 1994): i) based on proteins (total milk protein, whey pro-
tein), ii) based on carbohydrates {modified starch, maltodextrins, cellulose,
guar gum), iii) fat-hased (emulsifiers, medium-chain triacylglycerols, acalo-
ric lipids, i.e. lipids resistant to digestive enzymes). A serious problem with
fat replacers based on proteins or carbohydrates is that they are not well-
suited for use in cooking oils ar for frying.

Glassy foods

Low moisture foods (confectionery, cereals, snacks, powdered foods) are
often solid, amerphous materials with a glassy structure that may become
plasticized as a result of an increase in water content or temperature. The
amorphous state of these foods may result from a rapid removal of water
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from food solids that occur during such processes as extrusion, spray drying
and freezing. Amorphous states (rubber ¢r glass) are non-equilibrium states
with time-dependent properties; in contrast, crystals, solutions and melts
are physically stable equilibrium states. Physical properties of low-moisture
and frozen foeds have been related to the glass transition temperature
(which is actually a temperature range rather than ene specific temperatu-
re}. Below the glass transition temperature an amorphous solid is a glass,
and above the glass transition temperature it is a rubber {usually a more vis-
cous state, though not necessarily). There is a drastic change in molecular
mobility above the glass transition temperature resulting in a dramatic
decrease in stability of a food. It is actually a glass-rubber transition. Water
plasticizes food polymers and {even when present in trace amounts) drasti-
cally decreases their giass transition temperature and may thus have a detri-
mental effect on food quatity.

The glass transition temperature is therefore very important for food
quality and shelf life of amorphous foods, such as powders, It is also impor-
tant for frozen foods, as ice formation causes freeze-concentration of dis-
solved components and, as a result, the temperature at which freezing takes
place decreases for the remaining water, At a sufficiently low temperature
the freeze-concentrated phase may solidify into the glassy state and ice for-
mation stops. The freeze-concentrated phase contains unfrozen water within
the ice-phase. In the glassy state, foods are very stable because the mole-
cular mobility of companents is very limited which means that degradative
reactions cannot occur, However, above the glass transition temperature all
kinds of changes take place in dehydrated foods: caking, stickiness, oxida-
tion, non-enzymatic browning reactions (Maillard reaction).

The glass transition temperature obviously depends on the composition
of foods (especially the water content), and on the temperature at which the
procees takes place. State diagrams are useful tools to predict and control
the stability of dehydrated foods (Roos et al., 1996, Slade & Levine, 1995,
Fennema, 1996). Knowledge about glass transitions in general represents a
powerful tool for faod technalogists, and this development has been a major
breakthrough in the past decade. With knowledge from state diagrams, it is
easier to select ingredients that raise the glass transition temperature and
thus extend shelf life. In addition to food composition, choice of processing
canditions is equally important in choosing rate of drying, final moisture
content and temperature.

Emulsification

Many fabricated foods are emulsions, e.g. infant formulae, clinical foods,
creams, desserts, sauces, dressings and ice cream, There are oil-in-water
emulsions, in which the oil is dispersed in the aqueous phase {(e.g., mayon-
naise), water-in-oil emulsions, in which water is dispersed in a lipid phase
(e.g. margarine} and multiple emulsions (W/0/W) are also possible.

In order to make emulsions, emulsifiers are necessary, i.e. surface active
agents. It is important to distinguish between the manufacture of emulsions
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and the stahility of emulsions (Walstra, 1996). Emulsifiers are necessary
both for the formation and the stabilization of emulsions, but they may act
differently in both processes. A thorough discussion about formation of
emulsions is provided by Walstra {1983), including the effect of various
types of emulsifiers and ways to produce emulsions. Attention is also given
to emulsifying machines. Industrial production of emulsions is mostly done
using high-pressure homogenizers, rotor-stator stirring, ultrasonic vibra-
tion, or a colloid mill, and combinations are of course also possible.
Emulsions need to be stable during processing and during storage. However,
emulsions are inherently unstable from a thermodynamic point of view: they
tend to separate. There are various types of instability possible: flocculation,
creaming, {partial) coalescence and Ostwald ripening (Walstra, 1996). In
general, the size of emulsion droplets needs to be in the order of ane micro-
metre (there is in fact a globule size distribution). Emulsion stability
depends on the surface active agents present {often named stabilisers), par-
tial crystallization of the oil phase (and hence on temperature), flow condi-
tians, viscosity of the continuous phase, etc. (Walstra, 1996). Emulsion
droplets greatly contribute to the structure (consistency} of a food product,
and are carriers of essential fatty acids, vitamins and flavour substances,
and therefore important from a nutritional and sensory point of view.

A large number of emulsifiers and stabilisers are available. Proteins can ful-
fil hoth tasks, as can numerous low molecular surfactants, such as lecithins
and monoglycerides. An overview can be found in Dickinson {1993).

Structuring by phase separation

Hydrocolloid mixtures can be used as functional food additives. Interactions
between macromolecules may result in thermodynamic incompatibility or in
complexing, thereby affecting physico-chemical properties and structure
{Ledward, 1993, Tolstoguzov, 1995). Synergistic as well as antagonistic
effects are possible. The macromotecules of interest are proteins and polys-
accharides. An example of exploiting such macromolecular interactions is the
production of a caviar analogue (Tolstoguzov, 1995). Other applications are
conceivable, for instance, water-in-water emulsions, consisting of spherical
drops of a pratein solution in a polysaccharide solution and vice-versa.
Knowledge of phase-behaviour of macromolecule components in foods in
both liquid and solid systems is of great importance for controlling the struc-
tural functions of food hydrocolloids. For instance, development of low-fat
products leads to more usage of macromolecules and their interactions. Also,
use of natural food ingredients puts more emphasis on physical interactions
and physical processes {heating, drying, high pressure or extrusion) rather
than on chemical modification. Applications are conceivable for infant formu-
lae, sports drinks, functional foods, convenience foods and snacks.
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Conclusion and future prospects

This chapter pravides an overview of current technological possibilities in
food processing. Consumer trends towards healthy, fresh and natural foods
have their impact on the technology applied, and stimulate the search for
processes that can supply the consumer with the type of food products
demanded. Some real new developments can be seen, but most effort seems
to go into optimization and combination of existing technologies. Table 5.1
gives an overview. Increasing emphasis is on scientifically based food pro-
cessing and on attempts to convert batch pracesses into mechanized conti-
nuous automated processes. A trial-and-error attitude is no fonger suffi-
cient, it is necessary to understand what is happening in the food at a male-
cular level (microscopic) as well as at the structural {mesoscopic) level in
arder to understand the macroscopic properties of food, and how processing
affects these aspects. An ever complicating fact with foods is that they are
heterogeneous and complex, and that their properties change during pro-
cessing. Because of that, new technological devetopments in other indus-
tries are not directly applicablie to the food industry. We have not paid much
attention to process control techniques because it was considered beyond
the scope of this chapter. However, it goes without saying that developments
in this field are also of importance: these enable maintenance of high pro-
duct quatity while operating at the highest possible processing rates, so that
food manufacturing operations can be improved (Haley & Mulvaney, 1995).
Novel developments such as fuzzy-logic control and artificial neural netw-
orks can be used in this respect (Eerikdinen et al., 1993). Developments in
on-line sensors are also very useful, but again, food quality and safety are
not easily measured on-line because of the complexity involved.

In the near future, mathematical modelling will be needed to predict and
control processes as well as product guality, Statistical process control sys-
tems as well as Total Quality Management (TQM) and Hazard Analysis of
Criticat Control Paints {HACCP) systems need to be implemented (Rizvi et al.,
1993) and quantitative data on the kinetics of chemical, physical and enzy-
matic changes and on physical properties of foods are a prerequisite for the
mathematical modelling. Scott and Richardson (1997) argue that computa-
tional fluid dynamics can be used to understand the dynamics and the
underlying physics of a processing operation and thus aid in the design of
existing and new processing equipment. It will be possible to predict flow
behaviour of fluid foods and particulates in fluids, mixing efficiency, res-
idence time distribution and convection patterns in chillers or ovens.
Development of process simulation software packages and knowledge-based
expert systems will be useful. The achievements in predictive microbiology
provide a good example of what can be done (Wijtzes, 1996, IFT Symposium,
1997b). Much current research seems to be going in this direction, so that
processes can indeed be optimized in order to satisfy the needs of the con-
sumer. Thus, both new and existing technologies need to maximize product
gquality while minimizing production costs within the physical constraints of
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the processing equipment (Haley & Mulvaney, 1995).1t is probably the very
complex nature of foods and food processing that causes progress to be
stow. This becomes particularly instructive if one looks back at research pni-
orities of 10 years ago (Malkki, 1388): many of these priorities are still high
on the agenda. Nevertheless, progress, slow as it is, has indeed been made
and the developments in the field of food technology continue to be both
interesting and necessary. To be able to keep up, it is stressed again that
knowtedge of food properties (i.e. food science) is invariably linked to pro-
cess development (i.e. food process engineering).

Acknowledgements

The author would tike to thank Dr G. Meerdink, Dr A. Linnemann and Prof.
Dr P. Walstra for critical reading of the manuscript.

References

Ahvenainen, R., 1996. New approaches in improving the shelf life of minimally pro-
cessed fruit and vegetables. Trends in Food Science and Technology 7, 179-187.

Arad, 5. & A. Yaron, 1992, Natural pigments from red microatgae for use in foods and
cosmetics, Trends in Food Science and Technoloay 3, 92-97.

Belin, J.M., M. Bensoussan, & L. Serrano-Carrean, 1992. Microbial biosynthesis for the
production of food flavours, Trends in Food Science and Technology 3, 11-14.
Bengtsson N., 1994. New processes and products. An updated guide for people active
in food processing, product development and marketing. SIK, Swedish Institute

for Food Research, SIK-report no. 606, 55p.

Cheftel, J.C. 1992. New protein texturization processes by extrusion cocking at high
moisture levels. Food Review International 8, 235-275.

Church, N. 1994. Developments in modified-atmosphere packaging and related tech-
nologies. Trends in Food Science and Technology 5, 345-352.

Cleland, A.C., 1996. Package design for refrigerated food: the need for multidiscipli-
nary project teams. Trends in Food Science and Technology 7, 269-271.

Cohen, 1.5. & T.C.S. Yang, 1995. Progress in food dehydration. Trends in Food Science
and Technology 6, 20-25.

Cuperus, F.P. & H. Nijhuis, 1993. Applications of membrane technology to foed pro-
cessing. Trends in Food Science and Technology 4, 277-281.

De Reu, J.C. 1995. Solid-substrate fermentation of soya beans to tempe. PhD thesis,
Wageningen Agricultural University, 154 p.

Deshpande, S.S., M, Cheryan, S.K. Sathe & D.K. Salunkhe, (1984). Freeze concentra-
tion of fruit juices. CRC Critical Reviews in Food Science and Nutrition 20, 173-
248.

Dickinson, E., 1993. Towards mare natural emulsifiers. Trends in Food Science and
Technology 4, 330-333,

Dunn, J., Th, Ott, & W, Clark, 1995. Pulsed-light treatment of food and packaging.
Food Technology 49 (9), 95-98.



Chapter 5

113

Durance, T.D., 1997. Improving canned food quality with variable retort temperature
processes. Trends in Food Science and Technology 8, 113-113.

Eerikdinen, T,, P. Linko, S. Linko, T. Siimes & Y.H. Zhu, 1993. Fuzzy logic and neural
network applications in food science and technology. Trends in Food Science and
Technology 4, 237-242.

EHEDG report, 1993. Microbiologically safe aseptic packaging of food products. Trends
in Food Science and Technology 4, 21-25.

Fennema, 0. 1996. Water and Ice. In: Food Chemistry, 3rd edition. Ed. 0. Fennema,
Marcel Dekker, New York, pp. 17-94,

Franks, F. 1991, Water activity: a credible measure of food safety and quality? Trends
in Food Science and Technology 2, 68-72.

Fryer, P. & Z. Li, 1993, Electrical resistance heating of foods. Trends in Food Science
and Technology 4, 364-369.

Gaonkar, A.G. (Ed.}. Food processing. Recent developments. Elsevier, Amsterdam,
1995, 315 p.

George, R.M. 1993, freezing processes used in the food industry. Trends in Food
Science and Technology 4, 134-138.

Goff, H. D., 1992. Low temperature stability and the gtassy state in frozen foods. Food
Research International 25, 317-325.

Haley, T.A. & 5.J. Mulvaney, 1995. Advanced process control techniques for the food
industry, Trends in Food Science and Technology 6, 103-110.

Hamm, W. 1995, Trends in edible oil fractionation. Trends in Food Science and
Technology 6, 121-126,

IFT Symposium, 1993, Use of hydrostatic pressure in food processing. Food Technology
47 (6), 149-172,

IFT Symposium, 1994a. Ultrasonic applications in the food industry. Food Technology
48 (12), 67-84.

IFT Symposium, 1994b. Food irradiation: recent developments and future prospects.
Food Technology 48 (5), 123-144,

IFT Symposium, 1996. Ohmic heating for thermal processing of foods: government,
industry and academic perspectives. Food Technology 50 (5), 242-273.

IFT Symposium, 1997a. The chemistry of flavor interactions. Food Technology 51(1),
59-80.

IFT Symposium, 1997b. Predictive Food Microbiology: where do we go from here? food
Technology 51(4), 81-103.

Jackson, L.T. & K. Lee, 1991. Microencapsulation and the food industry. Lebensmittel
Wissenschaft und Technologie 24, 289-297.

Kader, A.A., D. Zagory, & E.L. Kerbel, 1989. Mcdified atmosphere packaging of fruits
and vegetables. CRC Critical Reviews in Food Science and Nutrition 28, 1-30.
Karlsson, H.0.E. & G. Tragardh, 1996. Applications of pervaporatien in food proces-

sing. Trends in Food Science and Technology 7, 78-83.

Knorr, D., M, Geulen, Th. Grahl, & W. Sitzmann, 1994. Food application of high-elec-
tric field pulses. Trends in Food Science and Technology 5, 71-75.

Kim, H.-H.Y. & C. Baianu, 1991. Novel liposome micro-encapsulation techniques for
food application. Trends in Food Science and Technology 2, 55-61.



Developments in technologies for food production

114

Labuza, T.P., B. Fu, & P.5. Taoukis, 1992. Prediction for shelf life and safety of mini-
mally processed CAP/MAP chilled foods: a review. Journal of Food Protection 55,
741-750,

Ledward, D.A., 1993. Creating textures from mixed biopolymer systems. Trends in Food
Science and Technology 4, 402-405,

Ledward, D.A. & R.F. Tester, 1994, Molecular transformations of proteinaceous foods
during extrusion processing, Trends in Food Science and Technology 5, 117-120,

Ledward, D.A, D.E. Johnston, R.G. Earnshaw & A.P.M. Hastings, (Eds.), 1995. High
pressure treatment of foods. Nottingham Press, Loughborough, UK.

Leistner, L.L., 1992, Food preservation by combined methods. Food Research
International 25, 151-158.

Leistner, L.L. & L.M. Gorris, 1995, Food preservation by hurdle technology. Trends in
Food Science and Technology 6, 41-45.

Loaharana, P. & D. Murrell, 1994, A role for irradiation in the control of foodborne
pathogens, Trends in Food Science and Technotogy 5, 190-195.

Lucca, P.A, & B.). Tepper, 1994, Fat replacers and the functionality of fat in foods.
Trends in Food Science and Technology 5, 12-19.

Malkid, Y., 1988, Research needs and priorities in food technology. Lebensmittel
Wissenschaft und Technologie 21, 71-75.

Marquez, V.0., G.5. Mittal & M.W. Griffiths, 1997, Destruction and inhibition of bacte-
rial spores by high-voltage pulsed electric field. Journal of Foed Science 62, 399-
401,409,

McClements, D.J. 1995, Advances in the application of ultrasound in food analysis and
processing. Trends in Food Science and Technology 6, 293-299.

Mertens, B. & D. Knorr, 1992, Developments of nonthermal processes for food preser-
vation. Food Technology 46{5), 124-133.

Messens, W., J. van {amp & A. Huyghebaert, 1997. The use of high pressure to modi-
fy the functionality of food proteins. Trends in Food Science and Technology 8,
167-112.

Murrano, E.A., 1995, Irradiation of fresh meats. Food Technology 49 (12), 52-54

Niranjan, K. 1994, Chemical engineering principles and food processing. Trends in
Food Science and Technology 5, 20-23.

0'Sutlivan, M.G. 1992, Probiotic bacteria: myth or reality. Trends in Food Science and
Technology 3, 309-313.

Ohlsson, Th., 1994. Minimal processing-preservation methods of the future; an over-
view. Trends in Food Science and Technology 5, 341-344.

Ohshima, T., H. Ushio & C, Koizumi, 1993, High pressure processing of fish and fish
products. Trends in Food Science and Technology 4, 371-375.

Palmer, M.V, & 5.5.T. Ting, 1995. Applications for supercritical fluid technology in food
processing. Food Chemistry 52, 345-352.

Parrot, D.1., 1992. Use of Ohmic heating for aseptic processing of food particulates.
Food Technology 46 (12), 68-72.

Peppelenbos, H.W. The use of gas exchange characteristics to optimize CA storage and
MA packaging of fruits and vegetables, PhQ thesis, Wageningen Agricultural
University, 1995,

Pires, M.J., M.R. Aires-Barros & J.M.S. Cabral, 1996, Liquid-liquid extraction of pro-
teins with reversed micelles. Biotechnology Progress 12, 290-301.



Chapter 5

115

Plug, H. & P. Haring, 1993. The role of ingredient-flavour interactions in the develop-
ment of fat-free foods. Trends in Food Science and Technology 4, 150-152.

Popplewell, L.M., J.M. Black, L.M. Norris & M. Porzio, 1995, Encapsulation system for
flavors and colers. Food Technology 49 (5), 76-82.

Pothakamury, U.R. & G.V. Barbosa-Cénovas, 1995. Fundamental aspects of controlled
release in foods. Trends in Food Science and Technology 6, 397-406.

Prazeres, D.M.F. & J.M.5. Cabral, 1994. Enzymatic membrane bioreactors and their
applications. Enzyme and Microbial Technology 16, 738-750.

Gin, B.L., U.R. Pothakamury, H. Vega, 0. Martin, G.V. Barbosa-Cinovas & 8.G.
Swanson, 1995. Food pasteurization using high-intensity pulsed electric fields.
Food Technology 49 (12), 55-60,

Rao, M.A. & 5.5.H. Rizvi, 1986. Engineering properties of foads. Marcel Dekker, New
York, 1986, 398 p.

Raoult-Wack, A.L. 1994, Recent advances in the osmotic dehydration of foods. Trends
in Food Science and Technology 5, 255-260.

Reineccius, G., 1989, Flavor encapsulation. Food Reviews International 5, 147-176.

Rizvi, 5.5.H., R.K. Singh, J.H. Hotchkiss & D.R. Heldman, 1993. Research needs in
food engineering, processing and packaging. Food Technology 47 (3), 265-355.

Rizvi, S.5.H. & A.R. Bhaskar, 1995. Supercritical fluid processing of milk fat: fractio-
nation, scale-up, and economics. Food Technology 49 {2), 90-97,100.

Rizvi, $.5.H., 5.J. Mulvaney & A.S5. Sokhey, 1995, The combined application of super-
critical fluid and extrusion technology. Trends in Food Science and Technology 6,
232-240.

Roser, B, 1991, Threhalose, a new approach to premium dried foods. Trends in Food
Science and Technology 3, 166-169.

Roos, Y.H., M. Karel & J.L. Kokini, 1996, Glass transitions in low moisture and frozen
foods: effects an shelf life and quality. Food Technology 50 (12), 95-108,

Sakai, N. & T. Hanzawa, 1994. Applications and advances in far-infrared heating in
Japan. Trends in Food Science and Technology 5, 357-362.

Schellekens, W. 1996. New research issues in sous-vide cooking. Trends in Food
Science and Technology 7, 256-262.

Scher, M. 1993, Biotech food - and no controversy. Trehalose to find more food func-
tions as cost falls. Food Processing, April issue, §5-96,

Schuchmann, H., S. Hogekamp, & H. Schubert, 1993. Jet agglomeration processes for
instant foods. Trends in Food Science and Technology 4, 179-183.

Singh, P.C. & R.X. Singh, 1996. Choosing an appropriate bioseparation technique.
Trends in Food Science and Technology 7, 49-58.

Scott, G. & P. Richardson, 1997. The application of computational fluid dynamics in the
food industry. Trends in Food Science and Technology 8, 119-124,

Slade, L. & H. Levine, 1991, Beyond water activity: recent advances based on an alter-
native approach to the assessment of food quality and safety. CRC Critical Reviews
in Food Science and Nutrition 30, 115-360.

Slade, L. & H. Levine, 1995. Glass transitions and water-food structure interactions.
Advances in Food and Nutrition Research 38, 103-269,

Swienteck, 1992. Frozen foods with “fresh” qualities. Food Processing, October Issue,
55.



Developments in technologies for food production

116

Thakur, B.R. & R.K. Singh, 1995. Combination processes in food irradiation, Trends in
Food Science and Technology 6, 7-11.

Tolstoguzov, V.B. 1995, Some physico-chemical aspects of protein processing in foods:
multicomponent gels. Food Hydrocolloids 9, 317-332.

Van den Berg, (. 1991, Food-water relations: progress and integration, comments and
thoughts. In; Water relations in foods. Eds. H. Levine and L, Slade, Plenum Press,
New York, pp. 21-28.

Van Mil, P.J.J.M, & S, Bouman, (1990). Freeze concentration of dairy products.
Netherlands Milk and Dairy Journal 44, 21-32.

Vega-Mercado, H., 0, Martin-Belloso, B.L. Gin, FJ. Chang, M.M. Géngora-Nieto, G.V.
Barbosa-Canovas, & B.G. Swanscn, (1997). Non-thermal food preservation: pul-
sed electric fields. Trends in Food Science and Technology 8, 151-157.

Vulfson, E.N., 1993. Enzymatic synthesis of food ingredients in tow-water media.
Trends in Food Science and Technology 4, 209-215.

Walstra, P. 1983, Formation of Emulsions. In: Encyclopedia of Emulsion Technology,
Vol. 1. Ed. P. Becher, Marcel Dekker Inc. New York, 57-128.

Walstra, . 1996, Emulsion Stability. In: Encyclopedia of Emulsion Technology, Vol. 4.
Ed. P. Becher, Marcel Dekker Inc, New York, 1-62.

Wijtzes, T, 1996. Modelling the microbial quality and safety of foods. PhD thesis
Wageningen Agricultural University. 138 p.

Yano, T., R, Matsumo & K. Nakamura, 1994. Developments in Food Engineering, Parts
1 & 2. Blackie Academic & Professional, Londoen,



Chapter 6

6

6.1

6.2

6.2.1

117

Logistics and ICT in Food Supply Systems

P. van Beek, A.J.M. Beulens, H.F.Th. Meffert

Introduction

During the 1970s and 1980s industry, trade and also academia became
heavily involved in the development of instruments primarily directed
towards more effective planning and control of logistical operations.
Developments include: manufacturing resource planning and the just in time
approach. Interest originated mainly from within businesses concerned with
production and/or assembly of semifinished and final products. Planning
and controt of distribution operations also received considerable attention.
Developments in this area include: distribution resource planning, routing
and location/allocation.

In the 1980s and 1990s these approaches began to be directed towards
food supply chains and agri-chains in general. The latter are chains which
are based on raw matenials of agricultural origin but not necessarily leading
to food products. Successful and competitive food supply chains require that
the crucial etements costs, quatity and technology (including information
and communication technology) be taken into account in a multidisciplina-
ry way. furthermore, the environmental impact of production, processing
and distribution is an increasing priority both in industry and in research.

This chapter discusses some general aspects of food supply systems,
Previous chapters are devoted to specific aspects including market, quality
and technology. Here we direct our attention to the following subjects:
logistics, information and communication technology (ICT) and environmen-
tal issues. We begin with a general introduction to food supply systems
paying attention to special properties of products, the role of ICT, planning
and control issues, and environmental aspects. ICT is discussed in depth in
Section 6.3, and environmental issues (specifically the concept of ‘green
supply chain’} are dealt with in Section 6.4.

Logistics in Food Supply Systems

This section provides an overview of the most important logistical characte-
ristics of Food Supply Systems. We do not pretend to offer an exhaustive dis-
cussion here,

Some aspects of agri-chains

Special characteristics

Agri-chains and the problems arising in them can no longer be treated sole-
ty from the perspective of independent production units. In many cases pri-
mary products are processed into articles or into components (grain into
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flour, carcasses into parts). Agri-chains differ fundamentally from industrial
production or assembly chains in a number of ways (Van Beek, 1990;
Bloemhof-Ruwaard et al., 1995):

o restricted guality life of primary, intermediate and final products. This
implies that storage technology and conditioning play a prominent role.

o large variation of quality, quantity and availability of primary products,
due to regional and seasonal conditions, which require storage and/or
transportation (fruits and vegetables, plants and flowers).

e unintended and/or unwanted by-products, remainders and refuse {espe-
cially from decomposition processes such as slaughtering, cheese making
or potato pracessing).

o high turnover of valume products.

e many suppliers of primary products, centralized marketing for only a few
product groups.

¢ substantial environmental impacts of production, processing, distribution
and consumption (packaging material, surplus product, used product).

¢ large publicinterest of organisations in all links of the chain (health and
safety aspects of food, animal friendly production and environmentally
friendly processing and distribution).

Changing conditions
The operating functions and level of agri-chains under changing conditions
requires continuous attention from all actors. The current chains may not
offer adequate solutions in an environment of innovative technologies and
demand-driven marketing. Moreover, increasing social commitment and
awareness of environmental effects of production and distribution processes
require close attention {see also Chapter 2, Food Marketing Systems).
Special attention has to be paid to Efficient Consumer Response (ECR),
the development of which is stimulated by new scanning technologies for
stock management. The result is a more efficient chain operation through
reduction of buffer volumes together with improved services and quality for
the consumers, ECR, chain logistics and marketing are mast closely related.
As a consequence, design and operatian, control and management of pro-
cesses in chains must be adapted to the requirements of traditional and new
markets. The main characteristics of logistical planning are reviewed in
Section 6.2.2.

Growing interest in logistical processes

The increasing interest in logistics of agri-chains stems from the relatively
high logistical costs involved and the high quality levels required. Logistical
costs can account for 25 to 40 % of the total added value, for example where
ornamentals and meat are toncerned (Van Beek, 1990; De Boer, 1993),

The growing interest also stems from the fact that logistical systems
should not only operate cost effectively but also should be responsive and
flexible. The design and control of such systems, taking into account cost
effectiveness and flexibility issues, is a very complex task.
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The nature of logistical planning

A brief general introduction to logistical planning is provided here. It is
based on Chapter 1 of Hax and Candea (1984).

Logisticat systems are concerned with the effective management of the

total flow of goods from the acquisition of raw materials to the detivery of
final products to the customers,
A logistical system is composed of a large number of elements which have to
be managed properly in order to deliver final products in the right quanti-
ties at the desired time and quality, and at a reasonable cost. Furthermore
the quality of the different logistical processes {production, storage and dis-
tribution) should be kept as high as passible. This means that processes
should be designed in such a way that environmental aspects like emissions
are dealt with adequately,

The most important elements are the following: plants, distribution
centres, products {including raw materials, supplies, semifinished and final
products), transportation infrastructure, information and communication
systems, people. The acquisition and utilization of these elements are sub-
ject to a wide variety of canstraints. Examples include: productivity cons-
traints, capacity constraints, labour availability, technological options, lead
times, demand uncertainties, service requirements.

In order to determine effective ways to acquire and use logistics ele-
ments subject to these constraints, several cost components have to be
taken into account. Important factors contributing to cost include: purcha-
sing costs, production costs, setup/changeover costs, inventory costs,
investment costs, hiring and firing costs.

It is clear that the underlying decision processes related to design and
control of logistical systems can be extremely complex. They usually encom-
pass several echelons of an organization, and thus require a great deal of
coordination within the chain (see also Section 6.2.3).

To cope with the complexities mentioned earlier we present a framework
which was originally proposed by Anthony (1997), in which decisions rela-
ted ta design and control of logistical systems can be considered, taking into
account all interdependencies. Anthony classified decisions into three cate-
gories: strategic planning, tactical planning and operations control. We will
briefly comment on the characteristics of each of these categories.

Strategic Planning

Strategic planning is concerned mainly with establishing manageriat policies
and with developing facilities needed to satisfy all requirements and goals.
In the area of logistical management the most important decisions that can
be supported by model-based systems are those concerned with the design
of production and distribution facilities. They include the determination of
location and capacity of new plants and distribution centres, the design of
transportation facilities, and so on. These decisions are extremely impor-
tant because they are responsible for maintaining the competitive capabili-
ty of individual enterprises and the chain as a whole. An essential characte-
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ristic of these strategic decisions is that they have long-lasting effects, thus
forcing long planning horizons in their analysis.

Tactical Planning

Tactical planning emphasizes the process of utilization of resources in the
chain. Once the facilities (like plants, distribution centres and transporta-
tion means) have been decided upon the basic problem to be resolved is the
effective allocation of resources to satisfy demand and technological requi-
rements, taking into account the costs and revenues associated with the
operation of the resources in the chain.

Whereas strategic planning is concerned with the process of creating
capacities, tactical planning tries to utilize these capacities in the most
effective way. Typical dedisions to be made are allocation of retailer bran-
ches to distribution centres and utilization of work force.

Operational control

After making an aggregate allocation of resources in a logistical chain it is
necessary to focus on day-to-day operational decisions. This stage of the
decision-making process is called operational control. The operational con-
trol decisions require the information generated at the level of strategic
planning and tactical planning he separated cut into the details of daily
activities. Typical decisions at this level are sequencing of (customer) orders,
vehicle scheduling and inventory control.

The three types of decision cannot be studied in isolation. An integrated
approach is necessary in order to avoid weaknesses in the chain. For exa-
mple: there is a strong interdependency between the preduction capacity of
3 machine and the way of scheduling the production of that machine.
Sometimes it could be better to allocate more capacity in order to make the
scheduling pracess simpler. In the next section we examine the integral
aspects of chain management,

Integral chain management

In the past research efforts have been directed to the quality of primary,
intermediate and final products and to the control of logistic processes in
parts of the chain. Only recently has research focused on the integral appro-
ach to logistic problems in agri-chains. Some progress has been made, but
problems have not been solved completely (Van Dalen; 1995, Hagelaar,
1994). The range of problems is so diverse, that it appears impossible to
study them under one heading.

We mention a number of these problems:

¢ Pressure of time on chain processes. Long distance transport of perisha-
ble products. Long preparation times and traffic congestion, short
periods for deliveries in cities.

¢ Veterinary and phytosanitary restrictions for certain products under way
to certain markets.
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o lack of willingness to cooperate effectively in chains by adhering to
autonomy of the enterprise, and unwillingness te accept chain responsi-
bility. Insufficient knowledge about metheds for cooperation in win-win
relations. Value adding partnerships are especially important where no
prevailing pawer factor exists, and can reinforce design and operation of
the chain,

s Increasing need for effective and efficient chains with regard to inter-
national competition, implying a great variation of (new) products to
satisfy market-demand, which must be high quality on delivery, cost-
effective, and produced under increasingly restrictive conditions,

Opportunities and bottlenecks

The opportunities for adopting an integral approach are increasingly, espe-
cially as a result of the increasingly refined requirements of customers. A
growing wish for information on the history of a2 product is manifest. This
issue is recognised as an aspect of quality. Furthermore, mutual coordina-
tion of activities between links of a chain provides opportunities for cost
reduction, Information and communication technology plays an important
role in this process.

Bottlenecks are mostly caused by incomplete and suboptimal control and
information models, a lack of means with which to implement chain manage-
ment, and by the fact that an integral approach to problems of sustainable
production and logistics has still to be developed.

Research efforts

Solving the problems mentioned by adopting an integral approach to agni-
chains requires paying special attention to all the separate links of the
chain, to all interfaces (with regard te mutual adjustment), and to the chain
as a whole, Research efforts can be divided into two parts:

» Design, adjustment and control of chains (see atso section 6.2.2). This
requires the integration of knowledge from a great number of disciplines
(management, marketing, information technology, food science and
technology, operations research, agrotechnology).

» The supporting disciplines can be stimulated by carrying out interdiscip-
linary supply chain research projects.

The interaction stimulates the process of asking the right questions, related
to design and control of chains from an integral management view. Answers
have to be found by using accumulated knowledge from a range of discipli-
nes,

Information
Adequate control and management of the flow of products in all links of the

supply chain requires various resources and the management of the related
processes. Besides manpower, equipment, buildings and energy, the supply
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and processing of information is also of great importance. Information con-
stitutes an important part of products and/or services. Moreover information
is also essential for the control and management of organisational processes
(Beulens, 1991; Beers et al., 1994), Up-to-date information is necessary in
order to be able to make the right decisions concerning supply chains,

Example: quality change of perishable products is a fime-temperature
related process. The management of the process factors is split up between
different disciplines in the organisation. To identify performance indicators
for the involved parameters, information also has ta be split up into the con-
tributing components. This can only be done by using time-temperature
recording or logging instruments, which range frem purely mechanical to
smart card devices.

1t is also necessary to have or to generate information an the expected
demands in the future. At the same time information on competitors and
related parties is required, together with information on dedisions to be
taken and their expected consequences, In this field, management informa-
tion systems and decision support systems reveal their operational value,
Besides the information supply from within the chain, external infarmation
{on markets and on suppliers of primary products and auxiliaries) is essen-
tial. With inadequate information systems no satisfactory logistic manage-
ment can be established.

ICT in food supply systems and - chains
Introduction

We are continuously faced with the overwhelming and ever growing impact
of information and communication technology (ICT) on our daily lives, ICT
affects domestic appliances that we use, information sources that we have
access to and use, as well as transport and leisure, For professional and cle-
rical workers in and outside offices, including managers, ICT provides ‘tools’
and apptications, giving them access to both internal and externat databa-
ses, and provides them with model-based suppart far transaction proces-
sing, decision making, communication and coordination. Production workers
in turn are also confronted with ICT applications, in the administrative, com-
munication and coordination tasks within and between organisational or
production units and in their operational tasks using automated production
machines that contain computers with software applications that need
instructions and control from ‘operators’. In research and development we
see similar developments. R&D workers are supported by the above mentio-
ned applications. In addition, they may use sophisticated design tools and
databases in the execution of their primary tasks, which may include activi-
ties such as designing systems, machines, products, buildings, (production
or organisational} processes, etc. Researchers in laboratories may be sup-
ported by automated equipment, imaging, measuring tools, sensors, simu-
lation tools, etc.
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This by no means exhaustive list of ICT applications gives a clear picture
of the overwhelming impact of ICT on our daily lives. The enormous amount
of information sources and the immense volumes of information contained
in them, which are accessible through public (Internet} and private
{Intranet) networks, confront us with an important paradigm shift in the
work of information technology specialists. Briefly described, professional
and clerical warkers have moved from a situation of technically difficult
access to limited information sources, to one of easy access to gigantic sour-
ces of information, Limited information processing power means that these
people have to be able to find their way around these vast data sources hoth
efficiently and effectively in order to do their job. The problem of technical
access has thus been replaced by a problem of routing and selection!

In the remainder of this chapter we confine curselves to the importan-
ce of ICT far faod production systems and chains. In particular we will dis-
cuss the role of ICT in supparting or automating operational (transaction)
processes and in supporting cooperation, negotiation and decision-making
processes within chains.

Business Process Redesign (BPR) using ICT in food production chains

In the previous section we have introduced a variety of current business
applications of ICT. In this section we briefly discuss important changes and
trends that businesses are encountering. Some of these have been covered
extensively in other sections of this book and are reiterated here in order to
provide a comprehensive set of factors leading ta or contributing to the need
for BPR with ICT at the company or chain level. The trends include:

« An enormous leap in the availability of ICT, in particular cheap, power-
ful computers and automated equipment, Moore’s law of doubling capa-
city and halving the price each year has been true for computers for
many years and is expected to hold for at least the next five to six years.
A 300 mips (million instructions per second) desktop computer (PC) cur-
rently costs about US$2000. Compare this with a 1 mips mainframe com-
puter from 1980 that cost more than US$ 1 million.

« Other technologies which are partly dependent on ICT are also develo-
ping very rapidly, and at affordable prices. These range from biotechno-
{ogy to production, storage, conditioning and transport technology.

» Avariety of these technological developments associated with potitical,
social and market developments have led to expanding geographical
markets for businesses or chains. Changing market demands and consu-
mer requirements have led to a change in focus from production-orien-
ted chains towards consumer demand controlled chains and global com-
petition. As a result (chains of) companies have to be more responsive
to market requirements, provide a greater variety of products and asso-
ciated information {composition, use, storage, ete.}, services and guar-
antees, all at the lowest possible cost. Social and political developments
have resulted in social policies with respect to labour conditions and to
regulations regarding product and process quality, preduct responsibili-
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ty, tracking and tracing, the environment, guality information, sodial,
ecological and finandial reporting, etc.

The trends described above have clearly provided both great challenges
to and opportunities for the business community. Companies are faced
with the challenge of having to acquire and maintain a competitive posi-
tion in a rapidly changing market, with technological, social and politi-
cal constraints. They are also presented with oppartunities for incorpo-
rating technologies inta their strategies which will result in better pro-
ducts at lower prices while satisfying regulations and requirements.
Organisations have to be innovative and thus are seeking answers in dif-
ferent directicns. The configuration and establishment of (virtual) sup-
ply chains is one development, the objective of which is ta better fulfil
consumer wishes, both more rapidly and at less cost, while satisfying all
reguirements previously mentioned. It is now widely accepted that a sup-
ply chain can drastically improve the performance of the whole of a value
chain by working together closely. Value chains may consider different
scopes ranging from suppliers of ingredients (e.g. primary producers)
and packaging for products, manufacturers, wholesalers, distributors/
transportation compantes, to retailers and consumers. {See P. van Beek,
A.LM, Beulens & J.Chr. Van Dalen 1996, A.J.M. Beulens 1996, Coopers &
Lybrand 1996, M.T.G. Meulenberg & D.F. Broens 1996, A.M, Pearce 1996.)
It is now widely accepted in both in the business community and poli-
tics that there is a need for continuous business and chain innovation
using ICT in order to become and stay responsive and competitive. (See
e.g. Bangemann reports of commission of the European Union, and
publications of A.J.M. Beulens 1992, A.J.M. Beulens 1996, C. Ciborra &
T. Jelassi 1994, J. Donovan 1994, A. Penzias 1991, M.E. Porter & V.E.
Millar 1985, M.S. Scott Morton 1991 and P.A, Strassmann 1991).

The developments mentioned above have also arfected management and
organisation in chains. There is a rapidly growing awareness in compa-
nies and chains that effectiveness, efficiency and quality (as perceived
by the customer and from a technological viewpnint) are served by a pro-
cess oriented approach in the supply chain). Examples of this approach
are incorporated in concepts such as total quality management (TAM),
just-in-time (JIT), business process redesign (BPR), chain process rede-
sign, autonomous groups, socio-technics, human resource management
{HRM), work flow management (WFM), hazard analysis critical controt
points (HACCP), etc. These approaches all have in common that a purely
functional approach to the organisation, execution, management and
coordination of business processes has to be abandoned. They also entail
decreasing the number of hierarchical levels in companies by delegation
of responsibilities and by increasing coordination capabilities, facilitated
by ICT applications (WFM, EDI, E-mail, etc.).

Finally, the widespread recognition of ICT as an important production
factor has resulted in businesses implementing information management
at the board level and acknowledging the need for the development of a
company strategy which incorporates ICT strategy as an integral part.
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The trends and developments outlined above are expected to continue to be
of great importance in the coming years. As a result we can expect the con-
figuration and implementation of new chains. There will also be continuous
innovation of business processes within and over these chains, using ICT as
an enabling tool, in order to make them more competitive and efficient.

ICT in chains

Actors within chains are dependent upon information and ICT applications
(and infrastructures which allow access to these) for organising, staffing,
executing, managing, coordinating and controlling business activities. They
are confronted with the exchange of product and process information, with
suppliers and customers, with consumers requiring information, with repor-
ting obligations within the company and to external contacts (government,
business partners, etc.). For the execution and management of the business
processes themselves they need enterprise resource systems which aliow them
to plan, execute and monitor business processes within chain constraints. At
the level of the chain, systems are required which facilitate communication
between business partners (EDI, PDI, E-mail, etc.) and the planning and coor-
dination of chain activities which set constraints for participating businesses.
Figure 6.1 provides an example of information interchange. Important phy-
sical and administrative logistical processes that take place in a supply chain
are depicted together with dependencies (e.g. time). The supply chain con-
sists of retail outlets (a store), a retail organisation responsible for centra-
lised purchasing and distritution through a distribution centre (DC), and a
manufacturer with a factory and its own DC for the sale of finished products
from stock,

The diagram shows information exchange in both directions along the
chain using three constructs: event, pracess and wait.

Event: an event which takes piace, a short moment, represented by a circle.

Process: an activity with a relatively long duration, often triggered by an
event. Represented by a square.

Wait: a significant delay before an event or process can be triggered.
Represented by a ‘W’ placed in the circle or square.

A short explanation of the model of the chain is provided below.

Store

The first event is an individual ‘purchase’. These individual purchases are
aggregated (e.g. for one day) into ‘purchases aggregated’, These aggregated
purchases are used for calculating the ‘new’ stack level, If necessary (follo-
wing the process ‘shelf inventory check’) an ‘order’ will be generated by the
process ‘generate order’, If ‘generate order’ takes place at a fixed point in
time, there will be a “wait’ of orders before they are sent to the distribution
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centre retailer.

Possible improvements: automated store ordering by the ‘store system’,
sending orders using EDI, category management using point of sale infor-
mation, etc.

Distribution centre retailer

The received orders are processed, usually in batches (= wait), and ‘matched’
with available stock. If stack is sufficient, the ordered jtems will be selec-
ted, loaded and transported to the store. At the same time orders are gene-
rated and sent to the producer. A process that does not really influences the
throughput times of an order is ‘determine assortment/promotions’,
Information about this process is sent to the stores, distribution centre and
to the preducers.

Possible improvements: ‘category management data warehousing’ to sup-
port the process ‘determine assortment/promotions’, sending orders and
advanced shipping natices using EDI, etc.

Distribution centre producer

The DC producer works in a similar way to the DC retailer, except when pro-
duction on order takes place: see ‘generate order’ and ‘production planning’.
Possible improvements: ‘item datawarehousing’, using EDI for sending
orders and advanced shipping notices, etc.

Production

Production is based on the ‘master production scheduling’ and on the (less
aggregated) production planning. The products are sent to the distribution
centre (delivering from stock) or to the distribution centre of the retailer
{production on order).

Possible improvements: using point of sale information for production plan-
ning, using EDI for sending orders and advanced shipping notices, etc.

The example above describes the information processes needed to ens-
ure quality continuous replenishment within a chain for fresh and refrigera-
ted products as developed in an ECR project. EDI messages have been
designed to shorten lead times in the chain. Information is no longer only
directly attached to goods delivered but provided at a different time from
(usually ahead of or in anticipation of future events) the actual distribution
or ordering processes.

Based on the above description of ICT applications in chains, we present
below in some more detail the scope of ICT applications;

e Structured or unstructured data, information or knowledge as part of the
product
Many products are represented by information or information may form
an integral part of the product. In terms of the latter we need to consi-
der product identification, for example in the form of bar codes which
may allow for automatic sales recording (P0S} and for automatic physi-
cal handling in logistic processes. Further examples include product spe-
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cifications and compositions provided separately or printed on the pack-
aging of the product, as well as more “intelligent’ additions to the pack-
aging of the product such as smart cards or heat-sensitive strips. Finally
we may think about user manuals etc.

o Structured or unstructured data, information or knowledge as part of a pro-
duction machine
Many production machines now contain computers which when pro-
grammed and given product specifications can determine the product
output level for the machine. Examples include printing machines,
rabats, blending machines, weighing machines, counters, automatic gui-
ded vehicles and sorters.

s I(T- the techmical component

Computers and software may farm part of the product, or may themsel-
ves be the product. Simple examples of the (atter are P(s, workstations,
and other types of computers. A smart card is another example; the card
is able to perform a number of functions depending on the amount of
memory and the software and data it contains, Student cards, insuran-
ce cards, personal identification cards containing personal data (inclu-
ding fingerprint information) are examples of these chip cards. As men-
tioned above computers and software often form an integral part of pro-
duction or logistic equipment.

e Processes
Many primary support, co-ordinating and communication processes con-
tain information processing activities. Information and messages about
events and objects in the business or its enviranment are recorded in
databases and subsequently used to generate products , decisions and
messages about the process.

The same can be said far management and control processes {pro-
duction and work flow management). Management and control are sup-
ported by information obtained from administrative databases, and from
knowledge and model-based systems. These help managers to design
good plans and schedutes and alse to monitar and contrel the execution
of these plans. See Figure 6.2,

The above discussion clearly indicates the importance of ICT for efficient and
effectively operating chains and businesses. This leads us on to the issue of
information management as an integral part of chain management.

ICT management

An important production factor, ICT needs to be managed. The management
process itself must be an integral part of the management process of the
business as a whole, For ICT management we can distinguish the following
aspects:
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o The specification, design, development and implementation of an evol-
ving ITC infrastructure for the organisation as part of a chain infrastruc-
ture in response to technological, business and chain developments.
Important components include databases, formal procedural and model-
ling knowledge {model and knowledge banks, standards, (reference)
information models that describe the contents of databases, etc.), appli-
cations or software systems and the technical components of the infrast-
ructure {computers, networks, telecommunication facilities and perip-
heral equipment). The user has access to this infrastructure through a PC
connected to a network, and through this can use software applications,
communication facilities and databases.

s Facilities management: the primary task is to make sure that the infrast-
ructure with all its components is available to the users during the
periods when they are required to do their wark. Currently that may
mean continuous availability! For data sources in databases this means
that data with the required integrity {correctness) must be available. For
software applications it means that these can be accessed by users on
any of the workstations to which they have access. In terms of facilities
management this entails that reqular backups must be made which can
be used when problems occur. Further, it means that software problems
must be solved when they become apparent.

« the development of an ICT strategy as an integral part of the business
strateqy in order to be able to satisfy future needs for ICT infrastructure
elements,

We have described the role of ICT management and the components of an ICT
infrastructure. It sounds easy to talk about these infrastructures at the level
of businesses and chains. In practice, however, we find repeatedly that both
the importance of good infrastructure and the complexity of developing and
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maintaining it in order to obtain the required ICT functionality are not well
understood, and that associated costs are generally severely underestima-
ted. This may jeopardise the development of new ways of working and coope-
ration in chains.

One example may be mentioned in this context. There is currently much
discussion about EDI. This consists of simple technology, with standards con-
cerning syntax of messages, standard messages and dictionaries. However,
these standards only provide the automatic capability to exchange messages
through the technical infrastructure mentioned above. They do not quarantee
that you will be able to automatically process the contents of these messages.
In order to do this business (decision) processes and associated information
systems must be adapted for the exchange of infarmation using EDL. This in
turn implies that the information model upon which these information sys-
tems are based must contain the data model Incorporated in the EDI messa-
ges. This often leads to problems, espedially in the area of the identification
of all business objects about which there may be communication. A simple
example: using the same EAN bar code for mare than one product may lead to
many problems in logistics and marketing. However, the magnitude of pro-
blems that can arise as a result of incomplete or faulty Infrastructure compo-
nents is beyond the scope of this book. However, we hope that our remarks
make you aware of the problem and cautious in strategy development, to the
extent that this subject is at least taken into account.

Environmental Aspects ?
Introduction

In the last few decades environmental problems have received increasing
attention, Protection of the environment has become an issue at all levels of
society; worldwide (UNCED 92), regional (European Union), national, sec-
toral and the individual consumer.

Within the field of preduction and logistics, attention for environmental
issues is now growing rapidly. In 1991 a special issue of Transportation
Science was devoted to the transportation of hazardous materials.

In order to ensure sustainable development and environmental quality
production and distribution processes often have to be redesigned in such a
way that economic development and environmental protection can be recon-
ciled with each other. This section describes how enviranmental aspects can
infiuence the design and control of supply chains,

Green supply chain management

Puring each step in the supply chain, from the extraction of raw materials to
processing steps, consumption and then waste treatment, emissions take
place that can be a threat to people, plants, animals and ecosystems. New
measures are necessary to decrease emissions and waste flows. Legal requi-
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Green supply chain

Raw materials

rements and changing consumer preferences increasingly make suppliers
and manufacturers responsibte for their products, even beyond their sale
and delivery. To comply with these new requlations, producers have to apply
cradle-to-grave product management covering the entire supply chain.
Figure 6.3 presents a detailed view of potential environmental actions in a
supply chain.

The first actions, which are quite easy to apply, are effect-directed (end-
of-pipe), such as waste treatrment. More integrated approaches include
waste-directed and emission-directed adaptations in technology, such as
reuse of materials and packaging and recovery of products. The most integra-
ted approach is source-directed and deals with adaptation of raw materials,
product redesign and process chonges.

Barry et al. (1993} introduced a five-stage outline for analyzing envi-
ronmental issues throughout the product life-cycle. This outline is used here
to discuss the potential environmental actions illustrated in Figure 6.3 in
more detail. First, the use of fewer raw materials is discussed. This is follo-
wed by a discussion of the manufacturing stage, covering process and pro-
duct changes, distribution issues {less transport, redesign of locations and
reverse logistics), the use of products, and finally, the treatment of waste.

Raw materials

In terms of raw materials, green objectives may be to minimize the use of
materials whose acquisition is environmentally damaging and to maximize the
use of recycled materials and renewable resources. In addition, preference can
be given to suppliers which operate in an environmentally responsible man-
ner. General Motars, for example, has embarked on an ambitious programme
for material acquisition. Its WE CARE (Waste Elimination and Cost Awareness
Reward Everyone) programme involves cooperation with suppliers and inclu-
des specific measures to reduce inbound packaging materials, encourage
their reuse and increase their recycling ability (Barry et al., 1993).
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Manufacturing

In manufacturing, both process and product design can be improved. In process
design, the goals are to reduce waste, minimize pollution, use resources effi-
ciently and find substitutes for hazardous materials. In product design, the pur-
pose is to design not only for cost-effective assembly but also for disassembly
and recyclability. Europe’s automobile manufacturers and their suppliers are
considering ways to increase the use of recycled parts. BMW and Volkswagen,
for example, have set up pilot plants to examine reusability of current models
and to develop design requirements for new models (Kleiner, 1991).

Distribution

Reverse distribution planning is necessary for collecting packaging and used
praducts. In Germany, consumers have the leqal right to return product
packaging to retailers for recycling and reuse (Tapfer Law, 1991). In respon-
se to this retailers developed the ‘Duates System Deutschland” {DSD). This
dual system collects used packaging and sorts it by type of material. These
materials are then transported to industries that have a license to make the
materials usable again {Cairncross, 19492).

Use

Efficient use means minimizing energy or ather resources consumed by the
praduct, increasing the product’s durability and life span, and minimizing
the pollution the product emits during use. Consumers should also be pravi-
ded with instructions for using the product efficiently, so that environmen-
tat impact is minimized, The Dutch electricity company’s ‘efficient light bulb’
campaign includes humorous advertisements and television shows aimed at
changing consumer behaviour (NEPPZ, 1993).

Disposal

The collection and sorting of waste requires infrastructural measures. In addi-
tion, hazardous materials should be collected according to stringent safety
standards. According to the Office of Technolagy Assessment (USA), American
industry generates approximately 250-275 million metric tonnes of industrial
chemical waste annually. Most of the waste is dumped in landfills, which is
patentially quite hazardous (Anandalingam and Westfall, 1988).

The production-distribution-consumption process is a classic source of
well-known operations research applications such as production planning
and scheduting, network optimization and routing, inventory control, etc.
These applications can be scrutinized to see how environmental issues can
be effectively integrated and how this integration influences model structu-
re and solution-methods.

Environmental management
Environmental policy of companies can be effect-oriented (recycling, waste-

management) or oriented towards prevention of emissions (alternative raw
materials, energy-use).
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Thinking about environmental issues in the supply chain has evolved
from end-of-pipe control tawards waste prevention at the source, We distin-
guish three stages in the increasing integration of cperations research and
environmental managment that correspond with the shift from an end-of-
pipe appreach towards a cradle-to-grave approach in supply chain model-
ling.

1. Weste management

In the first (hypothetical) stage of integration, environmental issues (waste
and emissions) influence only the final processes in the supply chain, i.e.
distribution, product use and waste disposal. Economic activities that have
to be developed or adapted include the distribution of hazardous waste and
the selection of appropriate locations for disposal sites and incinerators.
Emissions to air and water are in most cases reduced through end-of-pipe
techniques.

2. Recovery manogement

At the intermediate level of integration, production is also subject to chan-
ge in response to environmental issues. At this level, end-of-pipe treatment
and disposal of waste to reduce environmental damage are no longer suffi-
cient. Recovery management aims at postponing the generation of waste
and lengthening the lifetime of products through recycling and reuse. This
requires manufacturers to feel responsible for their products after consumer
use and to consider ways to increase the uses of recycled materials. It requi-
res changes in both process and preduct design,

3. Preventive management

Prevention is the key issue in the final stage of integration. The objective of
pollution prevention is to avoid the use of materials whose acquisition and
transformation are environmentatly damaging. Environmental burdens asso-
ciated with a product or process have to be quantified. Studies to assess
these are in general complex and expensive.

Below we present strategies for dealing with each of the three stages men-
tioned above.

i. Waste management

The disposal of hazardous waste at sites which are far from the production
locations requires shipment of waste across a transportation network. The
location and routing problem becomes one of choosing where to open dis-
posal sites, how to assign sources to disposal sites and how to route the
waste flows from each source to its assigned destination.

If the only objective is to minimize cost, the problem can be modelled in
the form of a simple plant location model. ReVelle et al. (1991) combine a
shortest path algorithm with a zere-one location programme and the multi-
objective weighing method to solve the two-criteria problem of minimizing
transportation costs and perceived risk.
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Bloemhof-Ruwaard et al. (1994) consider the problem of how to design
an efficient (minimum cost) distribution structure which simultaneously
takes inta account the location of plants and disposal sites, the coordination
of the flow of goods between plants and customers and the flow of waste
between plants and disposal sites. Risk related to the transport of waste is
not covered in this paper.

il. Product recovery management
Traditionally, manufacturers did not feel responsible for their products after
consumer use, The bulk of used products were dumped or incinerated, incur-
ring considerable damage to the environment. Today, consumers and autho-
rities expect manufacturers to reduce the waste generated by their products.
Product recovery management is defined as the management of all used
and discarded products, components, and materials for which a manufactu-
ring company is legally, contractually, or otherwise responsible (Thierry et
al., 1995). Praduct recovery management offers several options for handling
products after consumer use: repair/reuse, refurbishing, remanufacturing,
cannibatization and recycling. Each of the options involves collection, repro-
cessing and redistribution of the used products. The main difference is in the
degree of reprocessing. Figure 6.4 illustrates the degree of required disas-
sembly. The choice of the ‘best’ product recovery option in practice depends
on environmental regulations, technological capabilities, costs, ete,
Uncertainties in product recovery problems occur with respect to time,
quality and quantity of returned products (Flapper, 1993). The supply of used
products may be highly irrequiar as it is influenced by various factors inclu-
ding alternative uses, loss of products (e.g. car accidents) and the general
economic situation. Forecasting the quantity and quality of used products is
therefore difficult. The varying quality of the returned product means that
screening and sorting have to be done, which complicates the modelling and
analysis of product recovery prablems. However, these issues may have a tre-
mendous effect on production planning and inventory contrel and represent
a challenging research agenda.

ifi. Source-directed product management

Examples in this part deal with environmental impacts associated with a
product aver its entire life cycle. They differ from the above examples, which
focus solely on waste dispesal and product recovery.

For some years now, people have been developing techniques for asses-
sing environmental impacts of products and processes from cradle to grave,
Such techniques require a large amount of environmental data. One of the
most premising techniques is life cycle assessment (LCA), defined as a pro-
cess to evaluate the environmental burdens associated with a product, pro-
cess or activity by identifying and quantifying energy and materials used and
wastes released to the environment (SETAC, 1993, p. 3). The knowledge
obtained from LCA studies forms a valuable input to green manufacturing
models.
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Pirila et al. (1994) studied emission-oriented production planning in the
Finnish pulp and paper industry. Their production planning model is a large
multiple-period linear programme. Integration of environmental impacts
within this model leads to alternative strategies, including process choices,
recovery of waste products, etc.

Haasis (1994) studied production planning and control of low emission
production systems. The methodologies used are based on dynamic pro-
gramming, priority-based heuristics and neural networks {machine lear-
ning).

Bloemhof-Ruwaard et al. (1995) studied product blending problems in a
large multinational food company. The products in this case study are spre-
ads, usually consisting of a blend of several fats. LCA was used to assess the
environmental impacts of these fats, These impacts were then converted into
a single environmental index for each fat using the Analytic Hierarchy
Process (AHP) (Saaty, 1980). This environmental index was used in the pro-
duct mix models. Two types of linear programming product mix models were
considered: one with a classical cost minimization objective and a constraint
on environmental impact, and one with an environmental impact minimiza-
tion objective and a constraint on costs. Results indicate that the environ-
mental impact coutd be improved considerably at the expense of only a
slight cost increase of the product mix,

At this point, two issues remain which need to be resolved. First, LCA
studies are still pretty complex and expensive. Second, the LCA data involve
all sorts of environmental effects which should somehow be combined into
a single environmental index in order to be useful in an OR decision model.
The practical link between LCA and OR models provides a challenging
research issue: how to design LCA studies that quickly yield relevant envi-
ronmental impacts and how to combine these impacts meaningfully into
inputs for OR models.
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Conclusions

This chapter has been devoted to food supply chains. Many approaches are
available for the design and operation of efficient and effective food supply
chains. In recent years the integral approach described here has become
increasingly important.

The challenges of an integral approach lie mainly in meeting the incre-
asing demands of the market at the lowest possible cost, taking into account
the many restrictions (quality, logistical and environmental) and making use
of all available technologies (including ICT). In the process of continuous
improvement of the logistical chain, Anthony’s Framework which is based on
a classification of dedision levels, can be very helpful. In developing an
integral approach, decision makers should bring together knowledge from
various disciplines including marketing, ICT, technology, logistics, quality
control, environmental studies and operational research,

The bottlenecks encountered are the integral process and information
models, and the fact that an integral approach to sustainability still needs
to be formed. However we are not starting from scratch! The growing
amount of attention paid to environmental issues within the field of supply
chain management is changing from end-of-pipe control towards waste pre-
vention.

Two main aspects of food supply systems have been discussed in depth
here: ICT and environmental aspects. These complement the subjects dealt
with in other chapters of this boak, It s our conclusion that there is a wealth
of oppartunities for working out an integral approach to food supply sys-
tems, in terms of both design and control of such systems.

Notes

1)} This part of Chapter 6 is largely based on an article in the European Journal
of Operational Research, vol. 85, pp. 229-243, 1995 (J.M. Bloemhof et al.).
Reprinted with kind permission from Elsevier Science-NL, Sara
Burgerhartstraat 25, 1055 KV Amsterdam, The Netherlands.
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Quality Assurance Systems

J.P. Hoogland, A. Jellema and W.M.F. Jongen

Introduction

Throughout the world, food manufacturing, distribution and retailing is
becoming a highly complex business. Raw materials are cbtained from sour-
ces worldwide, an ever-increasing number of processing technolegies is uti-
lised, and a vast array of products is available to the consumer. Such com-
plexity necessitates the development of comprehensive control procedures
to ensure the production of safe and high quality food. In addition, consu-
mer expectations are changing, with a desire for convenience, ‘less-proces-
sed’ and fresher foods with more natural characteristics (see Chapter 2).
Against this background the total food chain has to ensure that the highest
standards of quality and safety are maintained. At all stages of the food
chain, from acquisition of raw materials through manufacture, distribution
and sale, whether it be through retail or catering outlets, consideration
must be given to quality issues associated with specific products, processes
and methods of handling. There are a number of reasons why, especially in
the agri-food business, implementation of quality assurance systems is an
issue of the greatest importance.

o Agricultural products are often perishable and subject to rapid decay due
to physiological processes and microbiological contamination.

& Most agricultural products are harvested seasonally.

e Products are often heterogeneous with respect to desired quality para-
meters such as content of important components (e.g. sugars), size and
colour. This kind of variation is dependent on cultivar differences and
seasonal variables which cannot be controlled.

¢ Primary production of agricultural products is performed by a large num-
ber of farms operating on a small scale.

This chapter sets out to describe the currently available systems, how they
can be used as tools for quality assurance management and outlines a fra-
mework for their interaction and use. Irrespective of size and complexity all
food businesses must have an appropriate food quality assurance program-
me {see Chapter 8), Whilst at present quality assurance programmes focus
primarily on foad safety issues (e.g. Hazard Analysis Critical Control Points,
HACCP), the general principles are equally applicable to the management of
product quality in a wider sense.

Food safety issues

Despite the progress in medicine, food science and the technology of food
praduction, illness caused by foodborne pathogens continues to present a
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major problem in terms of both health and economic significance. In 1990,
an average of 120 cases of foadborne illness per 100,000 population were
reported from 11 European countries, and estimates based on a more recent
study indicate that in some European countries there are at least 30,000
cases of acute gastro-enteritis per 100,000 population (Notermans and Van
der Giessen, 1993).

Tt is clear that only a small proportion of cases of foodborne illness are
brought to the attention of food inspection, control and health agencies.

In addition we have seen the emergence of bacterial pathogens in recent
years which may cause serious illness in susceptible individuals e.g. Listeria
monocytogenes and veratoxigenic Escherichia coli such as 0157:H7. Estimates
have been made of the economic consequences of foodborne illness, where
costs are incurred by individuals who become ill, their employers, families,
health care agencies and the food company or business involved. For examp-
le, in England and Wales in 1991, some 23,000 cases of salmonellosis were
estimated to have resulted in overall costs of £40 - 50 million (Sockett, 1991).

Changes in food production systems

Significant changes are taking place in animal husbandry, large scale food
production and distribution methods. The increased use of a range of raw
materials and products originating from a wider range of countries has incre-
ased the potential for a geographical spread of diseases associated with par-
ticular contaminants, Many new processing technigues have been introdu-
ced which alone or in combination with each other, offer distinct product
quality advantages, e.g. milder thermal processing, microwave, heating,
ohmic heating and high-pressure processing techniques. All present new
food safety challenges which must be fully evaluated.

Changes in consumer requirements

There is increasing demand for convenience foods, requiring minimal hand-
ling or preparation in user-friendly packaging. In addition, consumers are
seeking foods which are more “fresh” and with enhanced natural flavours
which inevitably challenge the industry to use less harsh processing and pro-
duction regimes.

Whilst there is little evidence that such trends have led to increased
foodborne illness, it must be appreciated that these foods will require gre-
ater care in their productien, distribution, storage and preparation prior to
final consumption,

Socio-economic changes
There is a significant worldwide trend towards increased consumption of

food outside the home. A major increase in the frequency of international
travel for business and vacation purposes also means that more people are
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in touch with new types of products.

Population changes are taking place. The young and the aged are groups
at risk with regard to foodborne illness and in a number of countries the
population is ageing, resulting in a stronger focus on health-related aspects.

Quality assurance strategy
Introduction

Quality assurance is of paramount importance to all companies and organi-

sations involved in the production, sale and handling of food. Modern tra-

ding conditions and legislation require food businesses to demonstrate their

commitment to food quality and establish an approprate product quality

programme. Such a programme should take into account the role of the

business in the food chain, i.e. whether they are primary producers, manu-

facturers, retailers or caterers. A product quality programme contains four

primary elements:

1. it meets the expectations of the consumer

2. it fits within the strategy of the company

3. it ensures that a company is clearly committed to the quality of its pro-
ducts

4. it aims for the highest quality level achievable.

Such programme should highlight where improvements are necessary and
can usefully be applied to bath organisational and technological issues. All
company employees, from senior management to food handlers, should be
aware of the significance a quality assurance programme. The programme
should identify the key tools and their application to all stages of produc-
tion, distribution and sale. An outline for such a programme is described
below and illustrated in Figure 7.1.

Product Quality Strategy

Planning

Organisational @

Implementation

| Audit

Improvement

I
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Development of a Quality Assurance Programme
Product Quality Strategy

Senior management in a company has ultimate responsibility for ensuring
that the highest standards of food production and handling are achieved
with respect to product quality. Total commitment to this aim is crucial for
the successful implementation of such a programme.

The senior management should ensure a logical and structured approach
to both organisational and product or process related activities.

A policy statement by senior management should outline the general
approach to ensure production and handling of food products with the desi-
red quality. The company should make sure that the food policy concerning
product quality:

« is appropriate ta the nature and activity of the business

e provides a commitment to continuous improvement

o complies with legislation

e is fully communicated, understood and supported by all employees

Planning

Crganisational planning should include the preparation of a detailed quali-
ty assurance programme, This should clearly define aims, assignment of
responsibility, resources, requirements and lines of communication to gain
full commitment fram all personnel to the quality assurance programme,
This process, through assessment and auditing, should seek continuous
improvement,

Product and process planning should result in the definition of clear and
unambiguous requirements, for example with respect to food safety. All such
requirements should be based on a full consideration of constraints, oppor-
tunities and other relevant factors, Constraints may include regulatory and
commercial requirements. Opportunities may include product development,
process innovation and new markets, QOther factors may include economic
issues and costs such as those of raw materials,

Implementation

The first requirement is a tharough understanding of all stages of the pro-
duction cycle from raw material production and acquisition through to
finished goods and their use. This will include a detailed knowledge of pro-
duct-process interaction, product and process specifications, monitoring
and verification procedures and methods for dealing with non-compliance,

With this knowledge, a detailed analysis can be undertaken to identify those
factors which may affect quality. Appropriate control measures can then be
identified and implemented. It is essential to fully document this analysis
which will describe the procedures to ensure compliance with quality assu-
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rance requirements and the operational criteria necessary for product and
process cantrol, A number of specific tools have been developed to carry out
this analysis, some of which have already been widely used in the food
industry e.g. HACCP.

Audit (Assessment of performance)

Senior management should ensure that there is a process of regular asses-
sment of performance of the food safety programme. This can be done
internally or externally and will include audit of individual stages and iden-
tification of any weaknesses, In this way an assessment can be made of
whether the quality assurance requirements are being met and whether the
programme is truly effective.

Improvement

The analysis and assessment process is likely to identify issues for adjust-
ment, modification and improvement. These should be undertaken and
appropriate follow-up carred out. This is an on-going review process
designed to ensure compliance with changing regulations and further
enhance the assurance of food safety,

Tools for quality assurance

The practical success of any quality assurance programme will depend on the
proper use of appropriate methods and tools. These will include Good
Hygienic Practice (GHP), Good Manufacturing Practice (GMP) and HACCP spe-
cifically targeted to food safety {Institute of Food Science and Technology of
the U.K., 1986 and 1993). Other tools of more general application are quali-
ty assurance methods and systems such as the IS0 9000 series of standards
and the Total Quality Management (TQM) approach,

Good Manufacturing Practice (GMP) and Good Hygienic Practice
{GHP)

GMP covers the fundamental principles, procedures and means needed to
design & suitable environment for the production of food of acceptable
guality. GHP describes the basic hygienic measures which establishments
should meet and which form the prerequisites to other approaches, in par-
ticular, HACCP. GMP/GHP requirements have been developed by gover-
nments, the Codex Alimentarius Committee on Foad Hygiene (FAO/WHO,
1995), and by the food industry, often in collaboration with ather groups
and food inspection and control authorities. Development of GMP codes is
taking place in various areas of industrial production. These codes establish
quality assurance procedures which can be implemented in a specific field of
production, both at company and sector level (horizontal integration, as
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shown in Figure 7.2). For several types of production, specific codes have
been developed at the international level. Veterinarians have their code of
Good Veterinarian Practice (GVP) and bakeries, greengrocers and farmers
have also developed a number of internationatly accepted codes. Sometimes
the abbreviation GXP is used for this type of code.

General GHP requirements usually cover the following:
¢ the hygienic design and construction of food manufacturing premises
» the hygienic design, construction and proper use of machinery
» cleaning and disinfection procedures (including pest control)
o general hygienic and safety practices in food processing including:
- the microbial quality of raw foods
- the hygienic operation of each process step
= the hygiene of personnel and their training in food hygiene and saf-

ety
Good Manufacturing Practice codes and the hygienic requirements they con-

tain are the relevant boundary conditions for the hygienic manufacture of
foods. They should always be applied and documented,

Primery production
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Until recently GXP codes have been implemented on a national basis for a
specific branch of industry. Although implementation is most often volun-
tary, companies which have not adopted the code - or an equivalent quality
system - may have problems staying in business, especially when vertical
integration of food production chains eccurs. Various quality programmes
and production codes for the production of meat, milk and eggs in the
Netherlands stipulate that compound animal feeds must be supplied by feed
manufacturers which work according to the Dutch code for Good
Manufacturing Practice, At present virtually all feed producers in the
Netherlands comply with this code: they have either adopted the code or
have gone out of business.

General codes have been developed by international bodies, for instan-
ce by the International Dairy fFederation (International Dairy Federation,
1980) and Codex Alimentarius (Codex Alimentarius, 1985). These codes may
serve as a starting point for the development of GXP codes for a specific pur-
pose. It must be stressed that, in general, adjustments must be made with
respect to specific branches of production, or to cover situations which are
specific to a certain country. The same is true for companies adopting a GXP
code: in most cases some fine tuning with respect to specific conditions wit-
hin the company will be necessary. Care must be taken to avoid unnecessa-
ry procedures: some codes have been nicknamed ‘codes for Getting More
Paperwork’! GXP codes must be lightweight systems, applicable especially in
small companies which either do not require a full-sized quality system, or
which are not able to develop and maintain such a system.

The HACCP system

The development of the system which is now known as ‘HACCP’ (Hazard
Analysis Critical Control Point) can be traced back to at least 1972. In that
year cooperation between the International Commission on Microbiological
Specifications for Foods (ICMSF) and the World Health Organization (WHO)
was established. In 1988 the results of this cooperation were laid down in a
book (Thatcher et al., 1988). Since then, the system and its application has
also been described in documents of Codex Alimentarius (Codex Alimentarius,
n.d., 1995a and 1995b). The European Union adopted the HACCP approach in
Directive 93/43, which means that HACCP is now a part of national tegislation
tn all member states of the European Union (Anon, 1993).

HACCP is a food safety management system which is based on systema-
tic identification and assessment of hazards and risks associated with the
production of food {Dillon and Griffith, 1996). Although originally develo-
ped to control microbiological hazards, the approach can also be used to
identify and assess hazards of chemical and or physical nature. Examples of
chemical hazards are residues of pesticides in plant raw materials and the
presence of aflatoxins in peanuts. Aflatoxins are highly toxic mycotoxins,
produced by Aspergillus flevus. The substance occurs naturally in crops grown
in hot and humid conditions. Examples of physical hazards are small stones
which may be present in dried currants, or bones in fish fillets.
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When all hazards are known, Critical Control Points (CCPs) can be identified:
points or steps in the production process at which control can be applied and
a food safety hazard can be prevented, eliminated or reduced to an accepta-
ble level. Following the identification of critical control points, preventive
measures {or control measures) must be put into practice. Critical contrel
points which have been identified must be monitored: checking that the pro-
cessing or handling procedures at a CCP are under control. Corrective action
must be taken when monitored values are above established critical limits. As
with other quality systems, verification on a reqular basis is required. A sche-
me showing the principles of HACCP and a decision tree which can be used to
identify CCPs, as developed by Codex Alimentarius, is shown in Figure 7.3,
Much experience with the development and implementation of HACCP
systems has now been accumulated. It appears, however, that there are still
some major problems associated with implementation, especially in small
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companies, where there is often not enough scientific knowledge available.
There is also still debate in scientific circles concerning the extent to which
the severity of risks must be estimated: most often it is a matter of setting
priorities, since not all identified hazards can be eliminated in one opera-
tion. Priorities are often set on the basis of budgetary consideration rather
than scientific knowledge about hazards.

Hygiene codes, when based on HACCP principles, can play an important
role in the implementation of HACCP systems, especially for small businesses.

As with the implementation of GXP codes, in most cases some fine tuning
with respect to specific conditions within the company will be necessary.

It is appropriate to highlight the chemical hazards: in contrast to physical or
microbiological hazards, a chemical hazard does not often lead to customer
complaints. The risks associated with chemical hazards are often not of an
acute toxicological nature but have to do with tong-term exposure of consu-
mers to low levels of unwanted substances. If a company is recording com-
plaints, these records can often be used to estimate the occurrence of phy-
sical or microbiological hazards, but mostly there are insufficient data on
chemical hazards.

Chemical hazards are often associated with raw materials, for instance in
the case of the presence of contaminants in such commodities. Numerous
countries have now introduced legislation setting maximum levels for a great
number of contaminants. Contaminant tevels often cannot be influenced
during the production of food and not much knowledge on the fate of con-
taminants during processing is available. This means that these hazards
often must be contralled using specifications for the raw materals. Such
specifications must be reatistic: there is no point in specifying zero toleran-
ce (i.e. demand the complete absence of a contaminant) when it is clear that
such a demand cannot be fulfilled by the supplier. It is expected that the
development of production chain based HACCP systems will be an important
topic in the near future (Whiting, 1995).

150-9000
The IS0 9000 fomily of standards and guidelines

In 1987, IS0 {Internaticnal Organization for Standardization) issued & series
of standards, now known as the IS0-9000 family. In these standards, models
for quality assurance and guidelines for selection and use of quality assu-
rance standards are given. AlLISO-standards are subject to periodical review
and new standards may also be issued. Information with respect to available
standards can be found in Table 7.1.

The essence of any ISO-based quality system can be summarized in a single
sentence: “Tell what you're doing, then do what you're telling and finally
prove that you've done what you told’. “Tell what you're doing” means that
procedures describing how work must be done are written down. During this
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Number Year of Title

Publication
8402 1994 Quality management and quality assurance - Yocabulary
9000-1 1994 Quality management and quality assurance standards -
Part 1: Guidelines for selection and use
9000-2 1994 Quality management and quality assurance standards -

Part 2: Generic quidelines for the application of IS0 9001,
IS0 9002 and 150 9003
9000-3 1994 Quality management and quality assurance standards -
Part 3: Guidelines for the application of IS0 9001 to the
development, supply and maintenance of software
9000-4 1994 Quality management and quality assurance standards -
Part 4: guide to dependability programme management

9001 1994 Quality systems - Model for quality assurance in
design/development, production, installation and servi-

cing

9002 1994 Quality systems - Model for quality assurance in produc-
tion, installation and servicing

9003 1994 Quality systems - Model for quality assurance in final
inspection and test

9004-1 1994 Quality management and quality system elements - Part
1: Guidetines

9004-2 1992 Quality management and quality system elements - Part 2:
Guidelines for services

9004-3 1994 Quality management and quality system elements - Part
3: Guidelines for processed materials

9004-4 1994 Quality management and quality system elements - Part
4: Guidelines for quality improvement

9004-8Y - Quality management principles and guidelines for their
application

10005 1995 Quality management: Guidelines for quality plans

100062) - Quality management: Guidelines to quality in project
management

10007 1995 Quality management: Guidelines for configuration
management

100111 1990 Guidelines for auditing quality systems - Part 1; Auditing

10011-2 1991 Guidelines for auditing quality systems - Part 2:
Qualification criteria for quality systems auditors

10011-3 1991 Guidelines for auditing quality systems - Part 3:
Management of audit programmes

10012-1 1992 Quality assurance requirements for measuring equipment
- Part 1; Metrological confirmation system for measuring
equipment

10012-22) - Quality assurance requirements for measuring equipment
- Part 2: Guidelines for control of measurement processes

10013 1995 Guidelines for developing quality manuats

100148 - Guidelines for managing the economics of quality

10015 - CQuality management and guidelines for training

1 IS0/CD: Committee Draft: Standard is still under discussion; to be published
2) 1S0/DIS: Draft Internationat Standard, to be published
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process, it is often found that it is not clear how certain tasks should be per-
farmed; such findings can help in streamlining the productien process. ‘Do
what you're telling’ means that it is made sure that work is done according
to the recorded procedures. ‘Prove that you've done what you told” means
keeping records, as well as performing audits. Building blocks to use in the
development and implementation of a quality system are laid down in the
150 standards, summarized in Table 7.1. Which standards should be used in
a specified situation depends on the nature of the company and the reasons
why the company wants to obtain an IS0-certification. In 1S0-9000-1 gui-
dance is given for the use of the standards in the 8000-series. In general,
two situations can be distinguished:

« Internal quality assurance: companies use IS0 standards to improve effi-
ciency, as well as the quality of products and services within the organi-
zation. The ISO 9004 standards are used as tools in Total Quality
Management (TQM) systems;

¢ External quality assurance: customers ask for certification, some compa-
nies buy only from I150-certified suppliers. Standards 9001, 9002 or
9003, dependent on the situation, may serve for this purpose;

Dependent on the main goal, defined by the management of the company,
choices with respect to implementation of one or more of the standards can
be made, as is shown in Figure 7.4. If the main goal of the company can be
described as internal quality assurance, standards of the 4004-type are
recommended. Guidance with respect to development and implementation
of quality management is the most important topic in IS0 9004-1. Typical
elements of quatity systems are also described. It is important to notice that
in IS0 9004-1 attention is given to economic aspects of quality assurance,
for instance, making use of quality cost analysis.

If external quality assurance is the main purpose, a choice can be made
between IS0 9001, 9002 or 9003. General information on the implementa-
tion of these standards can be found in ISQ 9000-2. The main difference
between these three standards is found in the scope: IS0 9003 gives a model
for quality assurance in final inspection and test, whereas 9001 and 9002 are
much broader: production, distribution/installation and servicing are also
included. Mareover, in 1S0 9001 design and development of products or ser-
vices are also covered.

IS0 5001

The model for quality assurance, described in IS0 9001 will be discussed in
more detail. The main purpose of 9001 (as well as 9002 and 9003) is extern-
al quality assurance: the supplier of products or services needs to prove to
his customers that his quality assurance system is capable of giving a high
degree of certainty that delivered products or services will meet the specifi-
cations. To make this possible, a number of matters must be addressed. In
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Chapter 4 of 1S0-9001, 20 different points which need attention are distin-
guished. Sadgrove (1995) showed that these points can be arranged in four
fields, as is shown in Figure 7.5,

Figure 7.5
Arrangement of the clauses of Chapter 4 of IS0 9001 in four fields of attention: Wark, People, System
and Information (adapted from Sadgrove, 1995).

Work

Several clauses in Chapter 4 of IS0 9001 are related to the work that is carried out. These clausesa-
ve applicable fram the moment that an order is received until the moment that the finishedproducts
are delivered.

4.6 Purchasing 4.3 Contact review 4.4 design control

4.7 Customer supplied product l

4.9 Process Control

4.10 l

4.11 Testing

4.12 l

4.13 Control of non- conforming product

4.15 Handling, storage, packaging and delivery

4.19 Servicing
People System Information
These clauses stiputate that These clauses are related to These clauses have to do
everybody involved must be the quality system. They with keeping records and
adequately informed. ascertain that key docu- with identification of pro-
ments are controlled and ducts.

thet audits are carried out.

4.1 Management 4.2 Quality system 4.8 Product
responsibility 4.5 Document control identification
4,18 Training 4,14 Corrective and 4,16 Records
preventive action 420 Statistical
4,17 Internal quality techniques
audits
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People

It is the responsibility of the management to formulate and maintain the
company’s quality policy. This policy must be communicated to the organi-
zation in such a way that it is understood at all levels in the organization.
The employees whose work affects quality must be identified; an organiza-
tion chart or job descriptions may serve this purpese. A guality manager
must be appointed, responsible for development and maintenance of the
quality system. This job includes, for instance, the responsibility for the wri-
ting and updating of procedures. The quality manager must report to the
management, The management must check if the implemented quality sys-
tem is working properly {quality review). If adjustments need ta he made, it
is the responsibility of the quality manager to ensure that these are put into
practice.

The company must also develop a procedure to identify the training nee-
ded for the employees to do their jobs properly. The appropriate training
must be provided and training records, showing which employees attended
which training, must be kept.

System

To ensure that products meet the specifications, a documented quality sys-
tem must be implemented. This means development and implementation of
procedures and work instructions, as well as identification and installation
of necessary equipment. Important documents, like procedures describing
the work process, must be controlled: it must be ensured that valid copies
are distributed and outdated copies are removed and destroyed. New docu-
ments and updates of existing documents must be approved before they are
distributed. Procedures concerning corrective and preventive actions must
be a part of the quality system. Corrective actions are needed to ensure that
complaints are adequately resolved. Furthermore, the cause of problems
must be assessed and remaved, for instance by revising procedures. In this
way repeating the same mistakes can be avoided.

Internal audits must be performed on a reqular basis to ensure that the
quality system is functioning properly. As a result of an internal audit, valu-
able information on possible improvements can be generated. The results of
these audits must be recorded, so that a check can be made in a future audit
as to whether previously identified problems have been corrected.

Information

Essential information must be recorded. Procedures must be established in
order to be ahle to identify products during all stages of the production pro-
cess. This identification ensures the traceability of products, for instance, in
case of errors during production. Infarmation must be collected and kept
after production and delivery in such a way that the producer can prove that
delivered products met the established quality criteria and that the quality



Chapter 7

1.3.4

153

system worked properly. Statistical techniques can be used to assess the
quality of both products and production processes. If statistics are used,
procedures must be available for the application of these techniques.

Work

Nine out of twenty clauses in Chapter 4 of IS0 9001 are related to manage-
ment of the actual production process. At the beginning of the production
process, the quality of purchased goods (e.g. raw materials) is of importan-
ce: this can be done by assessing the quality of suppliers. Furthermore, pro-
cedures must be develaped to check that the design of the product is done
in the way that was intended (this is nat covered by IS0 9002). The resul-
ting design must meet the established criteria. It is necessary to check that
the designed product fulfils the customer’s demands, as specified in the
order.

Actual production starts with contract review: it must be ensured that
supplier and customer are in agreement with respect to the content of the
order and that the order actually can be fulfilled. The production process
must be properly planned and carrfied out under controlled conditions.
Controlled conditions means: suitable work environment and equipment
and, if necessary, the presence of procedures describing the production pro-
cess. Important aspects of the production pracess must be monitored and
controlled. Inspection records must be kept. If a product fails inspection,
procedures for preventing this product to be delivered o the customer must
be present and it should be decided what must be done regarding the faul-
ty product (re-work it to the right quality, repair it, re-grade for a different
destination or destruction - after repairing or re-working a product it should
be re-inspected}. Procedures for putting right and preventing faults must be
in place. These procedures include, for instance, how to deal with customer
complaints and how to handle the elimination of potential problems. If
action is taken, it is necessary to check that the measures give the desired
results.

Regular, internal audits on the quality system must be performed by
employees who have no direct connection to the work that is examined.
These audits are used to show that the guality system is effective and that
the procedures are actually followed. The results of internal audits must be
reported and, if necessary, it should be checked to see whether effective cor-
rective action has been taken.

Total Quality Management (TQM)

Total Quality Management {TQM) is a management concept which aims at
continuous quality improvement, minimization of costs and customer satis-
faction (Jablonski, 1991). Sometimes TAM is advertized as the next logicat
step after implementation of an IS0 9000 based quality system, as is shown
in Figure 7.5. ISO standards of the 9004 type can be used as tools to esta-
blish a TQM system. According to Oakland ‘reputation is built on the compe-
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titive elements of quality, reliability, delivery and price, of which quality has
become strategically the most important, ... If quality is meeting the custo-
mer requirements, then this has wide implications. The requirements may
include availability, delivery, reliability, maintainability and cost-effective-
ness, among many other features’. The definition of TAM is not clear, In the
literature, there is still continuing dehate regarding the scope of the con-
cept and how TOM must be implemented, It is however possible to give an
indication of some important features of TOM; there appears to he a certain
amount of agreement with respect to the following:

» Most important is customer satisfaction: ta stay in business it is essen-
tial that the demands of customers are fulfilled. For customers, not only
the intrinsic quality of products (taste, colour, freshness, safety, etc.) is
important, but also a number of other criteria (extrinsic quality: how a
product is actually produced, environmental issues, child [abour, availa-
bility logistics, etc.). Therefore, a very broad definition of quality is
used, as can be seen in the quote above;

¢ The quality of a product (intrinsic and extrinsic) only can be guaranteed
if quality is accepted as a fundamental value in the company's phitoso-
phy or policy. This means that the coampany’s management must be acti-
vely involved in the quality policy, thereby creating a culture in which all
employees contribute to quality improvement;

o Suppliers should be full partners with respect to the quality policy of the
company. If there is a close cooperation between a company and its sup-
pliers, this will be very fruitful for both.

An integrated approach

An essential foundation of any activity involved in foed manufacture, hand-
ling and catering is a thoraugh understanding of the appropriate require-
ments of GHP and GMP associated with the particular product or commodity
area, The adherence to these good practices are the absolute minimum in
any food business.

HACCP is now widely adopted as an essential approach to the systematic
identification of hazards associated with manufacture, distribution and use
of food products (Mortimore and Wallace, 1994). It provides a mechanism
for defining preventive measures for hazard control. Whilst GMP and GHP
address the generic requirements for manufacturing safe food, the benefit
of HACCP is that it addresses specific determinants unique to a particular
product and process.

Most food businesses have a quality system which addresses all aspects of
quality control and assurance. There are many forms of such systems, per-
haps the most widely utitised is that based on the IS0 9000 series of stan-
dards. Where such a system exists, HACCP is an integral part of the overall
quality system (Webb and Marsden, 1995).
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An Integrated Approach for Quality Assurance
A, Concepts

Product Safety Product Quatity

B. Tools
GMP/GHP [—=|| HACCP 150 series —={I TOM
= Geperic - Product/Process - Specific - Generic
-~ Safety Specific - Safi ~ Integrated
~ Safety = Quality | - Strafegic
- Qrganisation = Consumey Oriented

From Figure 7.6 it can be appreciated that food safety management is an
integral part of the overall quality management activity and a key compe-
nent of the longer term managerial strategy to further enhance the safety
and quality of products.

The tools for use in an integrated approach to the management of product
quality are described. They comprise the use of those elements of Good
Manufacturing Practice (GMP) that are specifically concerned with the gener-
al design and operation of hygienic premises and equipment, and the hygie-
ne of personnel and their training; those GMP requirements associated with
hygiene (often referred to as Good Hygienic Practice (GHP) requirements)
form the basis for the operation of a hygienic food operation. The product
quality requirements for the manufacture of a specific foodstuff, and the
design and operation of the associated plant such that production of a safe
food is assured, can only be established by applying HACCP; this is the second
of the tools described. The importance of applying HACCP within a framework
of GMP is emphasised, recognising the importance of both GMP/GHP and
HACCP in assuring product safety. The third tool described is the use of a
Quality Management System such as the ISO 9000 series as a means of effec-
tively managing total product quality, recognising that the control procedures
established in a HACCP plan fit well in such a management system and can be
readily incorporated into it. The fourth and final tool described, Total Quatity
Management (TOM} embraces quality, productivity and safety at the opera-
tional and strategic level as a means for generating better commitment of all
members of an organisation to achieving these aims, TOM will provide added
canfidence that products will confarm to quality needs. It is of the greatest
importance to understand that quality assurance is an indispensable part of
the process of preduct innovation and that it helps in assuring that new pro-
ducts are safe and at the same time meet consumer demands,
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Glossary of terms

Dose-Response Assessment - The determination of the relationship
between the magnitude of exposure (dose) to a chemical, biologicat or phy-
sical agent and the severity and/or frequency of associated adverse health
effects (response).

Exposure Assessment - The qualitative and/or quantitative evaluation of
the likely intake of biological, chemical, and physicat agents through food as
well as exposures from other sources if relevant,

Food Safety Objective - A Government defined target which is considered
necessary to protect the health of the consumer (this may apply to raw
materials, a process or finished products).

Food Safety Requirement - A company defined target which is considered
necessary in order to comply with a food safety objective.

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

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

Hazard Identification - The identification of biological, chemical, and phy-
sical agents capable of causing adverse health effects and which may be pre-
sent in a particular food or group of foods.

Quality - The totality of characteristics of an entity that bear on its ability
to satisfy stated or implied needs.

Quality assurance - All the planned and systematic activities implemented
within the quality system, and demonstrated as needed, to provide adequate
confidence that an entity will fulfil requirements for guality.

Quatity control - The operational techniques and activities that are used to
fulfil requirements for quality.

Quality management - All activities of the overall management function
that determine the quality palicy, objectives and responsibilities and imple-
ment them by means such as quality planning, quality control, quality assu-
rance and quality improvement within the quality system.
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Total Quality Management - A management approach of an organisation,
centred on quality based on the participation of all its members and aiming
at long term success through customer satisfaction and benefits to the
members of the organisation and to society.
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Regulatory aspects of food production systems

H, de Sitter

Introduction

Production and trade of food products involve a number of regulations and
laws intended to protect consumer health and to prevent unfair competition.
Both elements are of primary importance, and uniformity of regulations is
necessary in order to promote the trade at a worldwide level. In addition,
the food industry also has to deal with other regulations such as those con-
cerning product liability, the environment, and standardization of sampling
and measurement systems. Some examples concerning these regulations can
be found in Middlekauf & Shubik {198%), Snijders {1987) and in the various
regulations published by the European Union (EU). Generally regulation of
production and trade of food product takes place at three levels.

1. The Codex Alimentarius is a complex of regulations and guidelines deve-
loped by the Food and Agricultural Organization (FAQ) and the World
Health Organization {(WHO). These regulations and guidelines can be
used by the participating countries for national regulations but there is
no obligation to do so. Nevertheless the Codex has a large influence on
national regulations.

2, The EU regulations and guidelines based on the Treaty of Rome have
become increasingly important as they supersede national regulations.
These are regulations that have direct legal power or have to be imple-
mented into national law before a specific date. The details of EU regu-
lations are explained in more detail below.

3. In addition there are also national reguiations in the different member
states of the EU.

With the constantly advancing integration of the European Union more and
more matters are regulated from headquarters in Brussels. In addition to a
large number of directives on aspects including food compasition, labelling
and food additives, the Council Directive 93/43/EEC on Food Hygiene
(European Union, 1993) has led to a surge of activity in the food industry.
The Food Hygiene Directive introduces the requirement of a food safety sys-
tem based on the principles of Hazard Analysis Critical Control Point (HACCP,
see Chapter 7). Food businesses will have to set up and implement the sys-
tem. What the system should look like and how it should operate is explai-
ned in just five short sentences. Each individual food operation can give its
own interpretation to these five sentences (see &.4.1). The production of
food in the Netherlands is in principle requlated in such a way that produ-
cers can produce and market whatever they like, unless it is forbidden, There
is no system of prior approval, as there is for medicines for example. In the
production of foodstuffs of animal origin, however, more direct control of
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production methods and production sites by the authroities has been com-
mon practice for many years. This control was introduced to protect the con-
sumer, but in later years also to ensure healthy products for expart as impor-
ting countries usually require certificates from veterinary officers,

Enforcement of the Council Directive 93/43/EEC will lead also to major chan-
ges in food control gperations in the Netherlands. Dramatic changes during
the last decade in food production, processing and distribution, as well as
the rapid increase in international trade in food products, require an effec-
tive food safety control system, The HACCP principles can be a tool for effec-
tive control. Three limitations can be distinguished, however, in the tradi-
tional approach to regulation making :

+ Termsin laws are frequently of a general nature, as they have to be appli-
cable to different settings,

» These terms leave much to the discretion of inspectors, who may fail to
distinguish between important and relatively unimportant require-
ments. The latter is also due to the undifferentiated weighting of requi-
rements in regulations.

s As modern technologies are introduced, they are often only partially
covered by current legislation, and the official inspector may thus over-
took factors which are critical to safety.

s Any official inspection is limited in time. Thus, the inspector’s cbserva-
tions will relate only to parts of a particular process at a given point in
time.

Normalization and certification are instruments that have not assumed
enormous proportions in the food industry in the Netherlands. Those in
favour of normalization and certification view the introduction of the con-
cept of HACCP as a positive step. In addition to tangible standards, a system
is now also reguired by law. The enforcement authorities will have to inves-
tigate how to make use of these instruments, bearing in mind that they will
have to have an added value.

In the case of a food safety system set up by an individual food business, it
will be the job of the enforcement officer to judge whether that system will
indeed ensure safe food preparation. As long as the system of a food business
does ensure safe food, and there are only differences of opinion en minor
points, the job of the food inspector remains relatively uncomplicated. The
preblems start when a system is encountered, which does not convince the
food inspector that food safety is ensured. The questions that then arise
include what should be done with the business, what legal action should be
taken against this business, and which legal clauses can be used successfully.

This chapter covers the regulatory aspects of processed foodstuffs in gener-
al and the enforcement of the regulations. Controls based on veterinary
requlations, with respect to meat, fish and dairy products, falt outside the
scope of this chapter.
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Control of food and food production in the European Union
Introduction

This section gives an indication of the complexity of food control in the
European Union. It is not an introduction to the different systems of food
control in the EU member states. Food control is regarded as an important
issue by all member countries, but each country has developed its controls
as a result of its own cultural and historical background. The United Kingdom
has its system of County Environmental Health Officers. They inspect and
take samples in areas concerning hygiene, but these samples are then ana-
lyzed in separate official laboratories. Labelling of foodstuffs is checked by
the Standards Officers. In the Netherlands all these activities are performed
by one central governmental organization. In Germany the various states are
responsible for food legislation and control. In most countries the Ministry
of Health takes the lead, with considerable input from the Ministry of
Agriculture, In France, however, the Ministry of Economic Affairs is also
strongly involved in legislation and control.

Free movement of products is the main objective of harmonization.
However, in recent years the protection of public health and adeguate provi-
sion of information have also become very important considerations for the
Eurepean Commission and the policy makers of the member states. Since the
inception of the European Community in 1957 one of the main aims has been
a common market for agricultural products. Meat, fish and dairy products
betong to this group of products and as a result they have a longer history of
harmonization. Strict regulations govern the export of these products to
other member states, and these form the basis of the present harmonization.

Instruments used by the European Union

European Union tegislation is a very complex matter, especially in terms of
the various jurisidictions of the European Commission, the Council of
Ministers and the European Parliament. Here we are only concerned with the
instruments of legislation. It is important to note that ali EU legislation still
has to be incorporated to some extent by the member states into their own
legislation, A time schedule is usuatly drawn up for this incorporatian, which
will depend on the complexity of the matter. Where a member state is late
or does not want to implement a ruling, the Commission can start a proce-
dure at the European Court of Justice. In such cases a Directive can also be
declared binding for a member state by the Commission. This kind of action
results in very complex cases coming before the European Court of Justice.

The European Union has four instruments at its disposal for drawing up
European legislation:

1. The regulation

This is a ruling with direct legislative action. However, the penalty for bre-
aking the regulation has to be laid down in the law of each member state.
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production methods and production sites by the authroities has been com-
mon practice for many years. This control was introduced to protect the con-
sumer, hutin later years also to ensure healthy products for export as impar-
ting countries usually require certificates from veterinary officers.

Enforcement of the Council Directive 93/43/EEC will lead also to major chan-

ges in food control operations in the Netherlands, Dramatic changes during

the last decade in food production, processing and distribution, as well as

the rapid increase in international trade in food products, require an effec-

tive food safety control system. The HACCP principles can be a tool for effec-

tive control. Three limitations can be distinguished, however, in the tradi-

tional approach to requlation making :

s Termsin taws are frequently of a general nature, as they have to be appli-
cable to different settings,

¢ These terms teave much to the discretion of inspectors, wha may fail to
distinguish between important and relatively unimportant require-
ments. The {atter is also due to the undifferentiated weighting of requi-
rements in requlations.

¢ As modern technologies are introduced, they are often only partially
covered by current legislation, and the official inspector may thus over-
look factors which are critical to safety.

s Any official inspection is limited in time. Thus, the inspector’s observa-
tions will relate only to parts of a particular process at a given point in
time.

Normalization and certification are instruments that have not assumed
enaormous proportions in the food industry in the Netherlands. Those in
favour of normalization and certification view the introduction of the con-
cept of HACCP as a positive step. In addition to tangible standards, a system
is now also required by taw. The enforcement authorities will have to inves-
tigate how to make use of these instruments, bearing in mind that they will
have to have an added value.

In the case of a food safety system set up by an individual food business, it
will be the job of the enforcement officer to judge whether that system will
indeed ensure safe food preparation. As long as the system of a food business
does ensure safe food, and there are only differences of opinion on minor
points, the job of the food inspector remains relatively uncomplicated. The
problems start when a system is encountered, which does not convince the
faod inspector that food safety is ensured. The questions that then arise
include what shauld be done with the business, what legal action should be
taken against this business, and which legat clauses can be used successfully.

This chapter covers the regulatory aspects of processed foodstuffs in gener-
al and the enforcement of the regulations. Controls based on veterinary
regulations, with respect to meat, fish and dairy products, fall outside the
scope of this chapter,
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Control of food and food production in the European Union
Introduction

This section gives an indication of the complexity of food control in the
European Union. It is not an intreduction to the different systems of food
control in the EU member states. Food control is regarded as an important
issue by all member countries, but each country has developed its controls
as a result of its own cultural and historical hackground. The United Kingdom
has #ts system of County Environmental Health Officers. They inspect and
take samples in areas concerning hygiene, but these samples are then ana-
lyzed in separate official laboratories, Labelling of foodstuffs is checked by
the Standards Officers. In the Netherlands all these activities are performed
by one centrat governmental organization. In Germany the various states are
responsible for food legislation and control. In most countries the Ministry
of Health takes the lead, with considerable input from the Ministry of
Agriculture. In France, however, the Ministry of Economic Affairs is also
strongly involved in legislation and control.

Free movement of products is the main objective of harmonization.
However, in recent years the protection of public health and adequate provi-
sion of information have also become very important considerations for the
European Commission and the policy makers of the member states. Since the
inception of the European Community in 1957 one of the main aims has been
a common market for agricultural products. Meat, fish and dairy products
belong to this group of products and as a result they have a longer history of
harmonization. Strict regulations govern the expurt of these products to
other member states, and these form the basis of the present harmonization,

Instruments used by the European Union

European Union legislation is a very complex matter, especially in terms of
the various jurisidictions of the European Commission, the Council of
Ministers and the European Parliament. Here we are only concerned with the
instruments of legistation. It is important to note that all EU legislation still
has to be incarporated to some extent by the member states into their own
legislation. A time schedule is usually drawn up for this incorporation, which
will depend on the complexity of the matter. Where a member state is late
or does not want to implement a ruling, the Commission can start a proce-
dure at the European Court of Justice. In such cases a Directive can also be
declared binding for a member state by the Commission. This kind of actien
results in very complex cases coming before the European Court of Justice.

The European Union has four instruments at its disposal for drawing up
European legistation:

1. The requlation

This is a ruling with direct legistative action, However, the penalty for bre-
aking the requlation has to be laid down in the law of each member state.



Regulatory aspects of food production systems

8.2.3

162

2. The decision
These rulings also have direct legislative action, and likewise the penalty for
transgressing the decision has to be laid down in the law of each member
state.

The difference between regulations and decisions is that regulations are
on general subjects and decisions concern specific subjects.

3. The directive
A directive indicates how national legislation has to be adapted. In rare
cases (see above) the directive may have direct tegislative power,

4, The communication
A communication is advice to the governments of member states.

These various rulings can be issued by the Council, the Commission, the
European Parliament, or a combination of these. The rutings are developed
in consultation with the European Parliament and standing committees com-
posed of representatives from all member states. The procedure is time-con-
suming and Expert Committees are often consulted as well.

One examptle of an EU regulation concerning food production systems is the
one dealing with product Liability. On the basis of this guideline it has beco-
me much easier for the consumer to hold a producer responsible for dama-
ge suffered as a result of consumption of an unsafe product. The regulation
is intended to protect private individuals in particular. Both producer and
retailer can be held liable under this regulation.

Characteristics of the product Lability regulation include:

¢ The regulation adds to the existing national regulations concerning pro-
duct liability
Only product damage and not transaction damage is included
{inly damage occurring during private use is included

e The description of the term “unsafe product’ is vague. The regulation is
not meant to imply abselute safety but assumes ‘reasonable safety’

o the producer must take all appropriate measures to limit the damage
such as product recalls.

¢ the existing jurisprudence on product liahility facilitates the transfer
from the old situation to the new regulaticns,

Generally speaking, food producers and traders will still have to meet the
standing requirements of the country in which the business is located.

Harmonization of the legislation
Since the first food directive on colouring matters was introduced in 1962,

around 250 directives, regutations, decisions and communications have been
issued concerning the harmonization of foad and food control. These rulings
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can be divided in three areas: horizontal rulings (for all product groups),
vertical rulings {for one specific product or group of products) and miscella-
neous rulings {all others).

The present horizontal rulings cover the following groups:
Labelting

Pre-packaging

Materials and articles in contact with foodstuffs
Additives

Processing aids

Water for human consumption

Pesticide residues

Contaminants

The verticol rulings cover products including sugar, honey, natural mineral
water, quick frozen foods, novel foods and novel food ingredients.

Misceltaneous rulings include:

Sampling and analysis methods

Official control of foodstuffs

Free movement of foodstuffs

Geographical indication and designation of origin
Certificates of specific character

Hygiene of foodstuffs

Harmonization of the control

Harmonization of the official control in the member states of the European
Union is requlated by Council Directive 89/397/EEC (European Union 1989} on
the official control on foodstuffs. This directive lays down how the European
Union expects the observance of the rules and requlations concerning food-
stuffs to be controlled. For example, the directive stipulates that the inspec-
tors should have the authority needed to be able to perform their job.
Directorate General III of the European Commission carries out checks in the
member states. The directive also stipulates that member states should report
on their controls to the Commission. This directive has introduced a coordina-
ted control programme. Each year a number of topics is selected from propo-
sals by member states for coordinated control actions in all member states.

The Commission has also started the Rapid Exchange of Information
System for Foodstuffs. If a problem concerning foodstuffs arises, the other
member states and the Commission must be informed about it through a list
of contact points. In December 1996 it was decided that all control of food-
stuffs (general and animal) would be moved from DG III and DG VI, and
would fall under the auspices of Directorate General XXIV (Consumer Policy
and Health Protection). A special inspection body is being created, based in
Ireland. New standing committees will be formed to advise DG XXIV. A total
of 260 EU inspectors will be appointed to work from Dublin.
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Legislation and control in the Netherlands
Some history

The first official rules concerning food safety were introduced in medieval
times, and were the initiative of municipal agencies. It was only in the
second half of the 19th century that the municipalities of some large cities
initiated supervision of foodstuffs by establishing special inspection servi-
ces. The background to the formation of these services was the development
of the sciences of chemistry and physics. The first official laboratary of this
kind was established in 1893 by the Municipal Council of Rotterdam. The
spectacular results of its activities stimulated other cities to take similar ini-
tiatives. Since then inspection, sample-taking and laboratory analysis have
been subsumed within ane arganization,

In 1919 the first Food and Commodity Act and Meat Inspection Act were
promulgated. The scope of the Food and Commodity Act was even broadened
to include commodities other than food, in order to ensure fair trade prac-
tices for these other commodities as well,

The further histary of food inspection systems in the Netherlandsis to a
large extent determined by the development of a number of disciplines
including pharmacy, food chemistry, veterinary medicine, biology and law.

Legislation

The Netherlands has a number of laws intended to protect the health and
safety of individuals in relation to foodstuffs. The most important of these
is the Food and Commeodity Act. This act dates from 1919, was modified in
1935 and completely restructured in 1988. The Food and Commodity Act sup-
plies the authorities with a sound instrument to deal with all matters con-
cerning peaple’s health and safety, and it applies to all foodstuffs. Section
1 provides a definition of merchandise as meant in this act. Merchandise
comprises foodstuffs, but also all other personal property intended for hou-
sehold purposes.

The Food and Commodity Act provides a framework, on the strength of
which detailed executive regulations can be effected relatively quickly, In
addition to the general and detailed requlations in the field of foadstuffs, a
{arge number of regulations in the field of ‘product safety’ of non-food com-
modities have been introduced. Thus, commodities as diverse as packaging
and utility goods, children’s toys, children’s beds and playpens, and also lad-
ders have been legally requlated regarding the safety aspects of their design
and construction. It is also possible to take action under the Food and
Commodity Act itself, if upon inquiry, a product is found to be hazardous
when used by people.

In addition to the Food Act, there are a number of other acts in the
Netherlands which include requirements relating to people’s health and saf-
ety. The Inspectorate for Health Protection, the Food and Commodity
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Inspection Service (FCIS) has also been charged with the supervision of the
observance of these acts. Generally speaking, legisiation is aimed at protec-
ting people’s health and safety, making sure that the consumer is informed
correctly, and stimulating manufacturers to act fairly with respect to each
other and to the consumer.

A trend towards deregulation is noticeable. All existing rules and regulations

concerning products will be reviewed. Two categories of rules and regula-

tions will survive this operation:

o Those necessary for the protection of the health of consumer

« Those related to strong cansumer expectations concerning the composi-
tion of a foodstuff

An increasing number of acts are being ravoked, which in principle is a trend
in the right direction. However, it is possible that dereqgulation will not suc-
ceed. Market forces play an important role in the process of deregulation. At
present the consumer is the weak player in the field of consumer goods such
as faodstuffs. Previously the Government has taken care of consumers, on
the assumption that they cannot do this themselves. It is not clear, howe-
ver, to what extent the Government can withdraw from this balance of power
and still maintain public health at an acceptable level. Respansibitity will
devolve onto the shoulders of industry and trade, but the question remains
as to whether they will accept this responsibility.

Supervision of the observance of statutory regulations

Supervision of the observance of statutory regulations in the Netherlands is
carried out by the Inspectorate for Health Pratection. This is a gavernment
agency of the Ministry of Public Health, Welfare and Sports and also part of
the State Supervisory Agency for Public Health. For supervisory purposes the
Netherlands is divided into thirteen areas, each with a regional inspectora-
te for health protection. Each regional inspectorate is charged with the
inspection of production, distribution and sale of all food and commodity
items in its district {1.0 to 1.2 million inhabitants).

At the beginning of 1998 it was decided to combine the Inspectorate for
Health Protection with the Veterinary Inspectorate, also part of the State
Supervisory Agency for Public Health, into one Inspectorate for Health
Protection, Food and Commodities and Veterinary Affairs. A new regional
structure will be introduced, with a limited number of regional offices. The
opportunity will also be used to change the organization of fietd inspections
in line with the changes in responsibilities and duties, and to strengthen the
laboratories and development units of the present regional offices.
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Food safety systems (HACCP)
The new requirements of the Hygiene Directive

Introduction

In recent years there have been two parallel discussions geing on at inter-
national level with respect to food safety systems.

¢ the Codex Alimentarius Commission {referred to as Codex) as part of the

General Principles for Food Hygiene
« the Hygiene Directive in the European Union (EU) to harmonize the

hygiene requirements in the EU,

The results of the two discussions differ in some aspects. For the enforce-
ment of the rules set by the EU, it does not matter if there is a divergence
between the text of the EU and the Codex (Codex Alimentarius Commission,
1993). The enforcing authority will only refer to the rules laid down in the
EU text. However, this situation is of course likely to create confusion, which
makes the work of the inspector more complicated. For instance, people
refer now ta the "HACCP rules’, whereas what they actually mean is the EU
directive, The main difference between the HACLP principles (see Figure 7.3)
and the text of the EU directive (see below} is that the steps on verification
and decumentation are not included in the EU text. Some countries, inclu-
ding the Netherlands, require that documentation does take place when the
EU directive is implemented. Mandatory documentation will remain a subject
for discussion in the coming years for other countries as well as for the
European Commission (FLEP 1996),

To complicate the situation further there are some limitations to the EU
directive on Food Hygiene. It covers all stages after primary production.
Harvesting, slaughter, milking and other primary stages are excluded.
Furthermore, a number of vertical directives are in force in some animal pro-
duct sectors including meat, fish, dairy, eggs and game. Although the legis-
lators of these vertical directives form part of the same Directorate General
in Brussels (DG VI), the level of HACCP differs considerably between the
divectives concerned. The Molitor report to the European Commission
{European Commission 1995) describes this undesirable situation and makes
a number of good proposals for improvements. The implementation of these
propositions will take some time, however.

Commission Green Paper

The European Commission (referred to as the Commission} published ‘The

General Principles of Food Law in the European Union’ (1997), better known

as a Commission Green Paper. The aims of the Green Paper are :

o to examine the extent to which the legislation is meeting the need and
expectations of consumers, producers, manufacturers and traders.

« to asess measures for reinforcing the independence, objectivity, equiva-
lence and effectiveness of the official control and inspection systems,
and whether these meet their basic objectives of ensuring a safe and
wholesome food supply and the protection of other consumer interests.
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to launch a public debate on food legislation, and thereby,
to enable the Commission to propose appropriate measures for the futu-
re development of Community food law, where necessary.

Some consider this Green Paper the Commission’s response to the Molitor
report. The comprehensive document covers all matters concerning Food Law
in the European Union. The six basic goals for the Community food law are:

to ensure a high level of protection of public health, safety and the con-
sumer;

to ensure the free movement of goods within the internal market;

to ensure that legislation is primarily based on scientific evidence and
risk assessment;

to ensure the competitiveness of European industry and enhance its
export prospects;

to place the primary respensibility for safe food on industry, producers
and suppliers, using hazard analysis and critical control points (HACCP)
type systems, which must be backed up by effective official controt and
enforcement

to ensure the legislation is coherent, rational and user friendly.

In terms of the application of HACCP the following three points, currently
under discussion within the European Union, are referred to:

The relationship between the 11 vertical hygiene directives and the
general directive on the hygiene of foodstuffs is mentioned. Work on
simplification of the vertical directives has started. A large-scale con-
sultation exercise on the interrelation between vertical hygiene rules
applying to foodstuffs of animal origin has also started. A guide has
been prepared by the services of the Commission, with the aim of dra-
wing up a text hased on certain common principles, such as HACCP, to be
extended to cover all directives, The aim is also to eliminate unnecessa-
rily detailed provisiens and contradictions in the text, Priority should be
given to ensuring that there is a coherent and consistent body of legis-
Lation relating to food hygiene. It is reiterated that this can be achieved
best by applying HACCP principles and limiting detailed prescriptive pro-
visions to cases where they are considered essential.

In the hygiene directive the HACCP principles on verification and docu-
mentation are not deemed necessary. The conclusion of the Commission
on this subject: ‘Each food business is left with the flexibility to decide
what requirements are necessary, subject to the supervision of the comp-
etence authority.” This leaves raom for a variety of interpretations.

A third issue is the exclusion of primary production in the general directi-
ve on the hygiene of foodstuffs. There is no general £V legislation cove-
ring the hygiene of products of non-animal origin at the primary agricul-
tural production stage. For foadstuffs of animal erigin the primary pro-
duction stage is cavered by the veterinary hygiene rules. It is not clear
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whether the existing rules to ensure the safety and hygiene of primary
products of non-animal origin, such as those concerning pesticides and
contaminants, are sufficient. This is a matter to be discussed further.

The Commission Green Paper presents the following, very broad definition
far consideration: ‘Foodstuff means any substance or product, whether pro-
cessed, partially processed or unprocessed, intended to be ingested by
humans, with the exception of tobacco as defined by Directive 89/662/EEC,
medical products as defined by Directive §5/65/EEC, and narcotic or psy-
chotropic substances controlled by Member States pursuant the relevant
international conventions.”

As an analysis of the present situation and an outline for the future this
Commission Green Paper can be regarded as a valuable contribution to the
discussion. Proposals for solutions to the many problems are, however, thin
an the ground,

The requirements for a food safety system

The requirements, according the EU Directive 93/43/EEL, (article 3, point 2)

are:

‘Food business operators shall identify any step in their activities which is

critical to ensuring food safety and ensure that adequate safety procedures

are identified, implemented, maintained and reviewed on the basis of the

following principles, used to develop the system of HACCP (Hazard Analysis

and Critical control Points):

¢ analyzing the potential food hazards in a food business operation,

« identifying the points in those operations where food hazards may occur,

» deciding which of the points identified are critical to food safety - the
‘critical points’,

¢ identifying and implementing effective control and monitoring procedu-
res at those critical points; and

» reviewing the analysis of food hazards, the cntical control points and the
cantrol and monitoring procedures periodically and whenever the food
business operations change.’

The Commission realised that small and medium-sized businesses would find
it difficult or impossible to comply with the above-mentioned requirements.
As a result the ‘Guides for good hygiene practices’ were included in Article 5
of the directive, These quides can be developed by food business sectors and
representatives of other interested parties {e.g. appropriate authorities or
consumer groups), and assessed by the member states to determine the
extent to which they may be presumed to comply with Article 3 of the direc-
tive. The Guides, which need official approval, will become the handbook for
food safety for the appropriate sector and replace the individual food safety
plan of a business. These Guides should not be canfused with GMP (Good
manufacturing Practice) or GHP (Good Hygiene Practice}. These latter are
non-official documents which can be used voluntarity.



Chapter 8

8.4.2

169

Implementation of the new requirements

The different countries in the European Union will find their own solutions
to the problems of this new legislation. In the United Kingdom industry has
been familiar with food safety systems such as HACCP since the introduction
af with the Food Safety Act in 1990. This act introduced the ‘Due Diligence
Defence’. This defence is designed to balance proper protection of the con-
sumer against defective food and the right of traders not to be convicted of
an offence they have taken all reasonable care to avoid committing. The
result should be to encourage all concerned to take proper responsibility for
their products. This defence enables someone to be acquitted of an offence
if they can prove that they took all reasonable precaution and exercised all
due diligence to avoid committing that offence, Although the burden of
proof lies with the defendant, the case does not need to be established bey-
ond reasonable doubt. The court only needs to be persuaded that the case
is made out on the balance of probabilities. In the United Kingdom the
application of the HACCP system, as developed by Codex, quickly became
accepted as the major form of proof of ‘due diligence’. The foed ndustry in
particular was therefore quick to adopt HACCP for this reasan.

Sweden aiso made the setting up of an in-house food control programme
mandatory in 1990. In other European countries, however, control of food
safety systems by the authorities will be introduced with the implementation
of the Hyaiene Directive. All countries have their own problems with the
implementation. In France, for instance, the Directive is implemented
through two interministerial orders: the first deals with the distribution of
foodstuffs; the second is directed at businesses that process and package
foodstuffs other than meat. The order regarding distribution applies in par-
ticular to small business operations such as butcher shops, bakers and con-
fectioner shops, as well as non-sedentary vendors at open-air markets. In
Germany, a federal state, food legislation is the responsibility of the various
states. The Hygiene Directive has been implemented however by the nation-
al government through the ‘Verordnung Gber Lebensmittelhygiene’ {LMHV}.
Finding solutions to the problems that arose took some time, and the legis-
lation was only accepted in July 1997, and came into force six months after
that date.

All countries have developed the Guides for good hygiene practices, but in
divergent ways. It is not clear how these developments should be pursued.
In some countries the Standardisation Associations are involved, and in
others these associations play only a minor role, Only the Netherlands has
notified the Commission of a substantial number of Guides {20), more than
the number of notifications from all other member states put together. The
next section is devoted to a more detailed description of the problems sur-
rounding implementation and enforcement in one country, the Netherlands.
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Implementation of HACCP, with special reference to the
Netherlands: A case study

Preparing for the inspection of Food Safety systems

The start

Even before the publication of the EU Directive 93/43 the Inspectorate for
Health Protection in the Netherlands realised the impact this directive would
have. A senior position was made available for a new staff member whose
job would include both the introduction of feod technology and implemen-
tation of HACCP in the industrial sector. It scon became clear that the imple-
mentation of HACCP was practically a full time job. A working group was for-
med, and the first step in developing the inspection of food safety systems
was to gain knowledge about the system. A group of seven experts (inclu-
ding a biochemist, senior inspectors and a microbiologist) was sent to
Campden & Chorleywood Food Research Association (UK) for an extended
HACCP-workshop. On the basis of this workshop, and with the aid of
Wageningen Agricultural University, a short course was developed for a furt-
her group of 13 food inspectors. In cooperation with representatives of
industry, 7 factories with a high level of quality awareness were requested
to undergo the first inspections. The inspectors were required to make a tho-
rough study of the process of the company, and a theoretical HACCP plan was
prepared for each company. When the actual HACCP-plans were studied, it
became apparent that the inspectorate applied HACCP far more tharoughly
than the factories. The businesses concerned learned a lot from this opera-
tion, The inspectorate learned that it was on the wrong track, but it also gai-
ned experience in audit technigues.

Building up knowledge and experience

After these first experiences the inspectorate continued to examine the
nternal organization of the inspection of food safety systems. In the mean-
time, however, a further five inspections were planned, The idea of first set-
ting up an inspectorate plan was discarded, and the position of the inspec-
torate also became more clear: a food business should set up its own food
safety plan and then be cbliged to follow it. Only in a case where the inspec-
tor is convinced that the plan and its execution would not ensure food safe-
ty and the inspector can substantiate that (in court), would the inspectora-
te be able to propose further legal action. At this stage it also became clear
that checking a large number of operations using checklists would not be an
appropriate way to carry out inspection, especially not for the targer opera-
tions. It might be possible at a later stage to use checklists for checking on
the starting condition, e.g. GMP, and elements of the HACCP plan, Checking
the hazard analyses and selection of critical control points can never be done
with simple checklists.

Just before the directive came into force the inspectorate performed a ‘quick
scan’ at about 20 % of the larger factories (De Sitter & Feenstra 1996). Of the
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300 factories scanned, 7 % said they were prepared for the requirements of the
directive. Only a rough check was performed, and in general the inspector only
partly agreed with the factories’ own opinions. Two-thirds of the total number
had started drawing up a food safety plan and made some progress with it.
One-third had not done anything. Another important observation was that
most factories did not use the hazard analyses. In most plans the selection of
critical contral points was done using already existing standards. Existing
standards were evaluated and some became a CCP. However, such a system has
no added value as it does not provide a way of enhancing food safety.

The transition phase

The results of the quick scan and the fact that most of the small and medi-
um sized businesses were still busy developing the Guides of good hygiene
practice made everybody realise that enforcement of the directive was not
yet appropriate. In consultation with the representatives of interested par-
ties it was decided that 1996 would be the year of transition. All businesses
were expected to start or continue setting up their food safety system, and
sector representatives in small and medium sized businesses also gained
time to finish their Guides of goed hygiene practice.

Meanwhile the inspectorate had time to address the problem of developing
the system correctly, in particular the appropriate use of the risk analyses.
In 1996 a limited number of thorough inspections was performed to test and
improve the revised procedure, Improvements were made to the reporting of
the inspection results and, for each of the ‘Guides of good hygiene practice’
issued, a project team of food inspectors was formed to develop the enfor-
cement of the directive for that sector.

Practical approach

Large companies

At the end of 1996 the inspectorate performed another quick scan at 300
companies (De Sitter, 1997). The results indicated an improvement compa-
red to the previous year, but still only 25 % said they were prepared. Mast
of the companies (85 %), however, were at least busy with HACCP, espedial-
ly the larger businesses. There were also a number of companies which had
not done anything. These companies would be subjected to the first enfor-
cement action in 1997, It became apparent that the small industrial busi-
nesses would be the most difficult group. They require extra attention, but
the inspectorate could not develop the system specially for them. Other ways
to organise support for them have to be developed.

In 1997 the inspectorate started a project in the industrial sector. Each com-
pany is visited with the purpose of establishing whether that company is
engaged in the process of developing a food safety system as required by the
directive. As spon as imputable negligence concerning the requirement can
be established, official action will follow. Progress will be recorded and the
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intention is to inspect all companies within a year. During these inspection
visits, which take about half a day, attention is paid to the general hygiene
conditions and the risk analyses, the first steps of the system. Only at later
stages will inspecters look into the next steps of the system. In this way the
inspectorate will increase the depth of the inspections. The inspectorate will
also continue with thoraugh inspections on a regular basis. Some factories,
which believe they are ready with the system, have already offered to under-
go an inspection.

Small businesses

Mast small food operators just want clear regulations, so they can put their
energy into making and selling their praduct. Most businesses lack the capa-
tity and knowledge to perform their own HACCP study. Although HACCP is a
system, to get the best results, it has ta be executed by the individual
enterprise. The inspectorate is a strong supporter of the guides for good
hygiene practice for small and medium sized businesses, and this system of
guides has been used for nearly 10 years in the Netherlands. The existing
guides have been adapted to include the requirements of the directive, There
are now about 20 guides for good hygiene practice which are officially
approved by the Ministry of Health.

These developments will be built upon by visiting all smalt and medium sized
businesses to assess the application of the quides in each sector. Here, the
first point of interest will be the use of the quide by the individual business.
In the first place this involves acquiring the guide and making a start with
it. In due course the depth of the inspections will increase and more rules
and regulations of the guides will be enforced. The advantage of this appro-
ach is that the pace of the increment in depth will be adapted to the sector,
It is expected that the organised representatives of the sector will play a role
in providing instruction and information to the sector.

Hazard anlysis

The inspectorate found the level of application of hazard anlysis in the food
safety plans by industry was generally low. Industry will have to be encou-
raged to use the instrument. The HACCP system (see Chapter 7) is directed
towards food operators and is built up around the production of a product.
In addition to the HACCP system the Codex Commission discusses the proto-
cols for the system of ‘risk analysis’. Risk analysis is built up around a parti-
cular risk and consists of the following steps: risk assessment {hazard iden-
tification, exposure assessment, hazard characterisation and risk characteri-
sation), risk management and risk communication. The system of risk analy-
sis is meant for all sectors, but especially to help governments to develop
standards (Notermans et al. 1996). The term Food Safety Objectives is used
in this respect. The results of the various risk analyses should be used by
industry in their hazard analysis, and also by government to set the safety
objectives for industry.
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The discussion of the risk analysis system in the Codex Committee on Food
Hygiene is directed towards the theoretical aspects of building up the sys-
tem and is interesting for scientists but not for food business operators. The
latter want to know what is safe, so in the mean time there should be prac-
tical assistance for the industry. Existing scientific knowledge should be
translated into workable guidelines for industry. For that purpose the
inspectorate has sought contact with the organised Food Industry of the
Netherlands. A discussion platform on this subject will be created. It is not
yet clear what direction this will take, but it is the intention of the inspec-
torate that all relevant matters can be discussed in that platform. Matters
which are certain wilt be laid down and followed; matters which are still sub-
ject to discussion will be established. In this second case the platform will
have to find ways of finding solutions to the problems: practical solutions
for the short term and solid solutions for the long term. In this way funda-
mental discussion on the practical problems of hazard anlysis can be brought
to an appropriate level. It is important to avoid repeating these discussions
each time in the different production locations. A senior staff member has
also been appointed to coordinate the work on risk analysis.

Certification

At the beginning of 1995 the first HACCP Certificate was granted to a com-
pany in the Netherlands by an accredited (IS0 9000) firm, There were, howe-
ver, no agreements on the criteria. All firms were allowed to use their own
criteria, which meant that certification had no value for the enforcement
authority. Together with the Accreditation Council {Raad voor Accreditatie)
in the Netherlands, an effort was made to come to prior harmonization of
the criteria. Harmonization in retrospect, which is pursued in the
Netherlands for the IS0-9000, is a laborious and difficult process. After
mare than year of many meetings, uniform criteria (CCvD, 1996) were issu-
ed, and all seven certification companies with autherisation for the food
industry sector in the Netherlands, agreed to follow the certification sche-
me established by the “Central Committee of Experts’,

One certification firm is now accredited for HACCP certification. More
will follaw soon. The enforcement authority hopes that harmonized criteria
will lead to the issue of valuable and, above all, comparable certificates,
which may be useful in the execution of their work. It remains to be seen
whether the effort put inta setting up the system has been worthwhile.

Conclusions

Hazard analysis is considered the most valuable part of the whole HACCP
operation, When the food industry is capable of applying hazard analysis
appropriately, we will have arrived at a situation where we can speak of
increased food safety. However, the road will be long. Experts have not yet
reached agreement about how to apply the system of risk analysis or how to
use the resutts for hazard analysis of individual companies. The results of risk
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analyses are also important to governments, as they form the basis for the
formulation of food safety objectives. The enforcement authority will play an
important role in this process.

o [If rules are enforced too strictly, resistance will be encountered, which
could result in an attitude of non-coaperation, making the whole process
even more difficult. In the darkest scenario the directive could become
an empty ruling,

s If, however, the directive is not enforced strictly enough, businesses will
not get the push they may need to make that difficult step forwards.
HACCP is a difficult process, with a lot of consequences for operations
within the business. Most businesses will need the external incentive to
start with HACCP.

The enfarcement authority has to apply the correct pressure on the market,
At present the number of cases of food poisoning and food intoxication in
the Netherlands is estimated at between 2 and 4 million per annum, Pro-
active food safety systems for food businesses, like HACCP, will reduce this
number, This will be partly due to lower infection levels in raw materials,
partly due to less cross-contamination in the kitchen and partly due to the
fact that the products cansumed will have lower levels of infection and that
fewer infected products will be consumed. In my cpinion, procedures like
those being adopted by the Netherlands Inspectorate for Health Protection
will lead to the best results and will ensure that the EU Directive on the
hygiene of foodstuffs indeed increases food safety in the Netherlands,
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Summary and future prospects

W.M.F. Jongen and M.1.6. Meulenberg

The many changes in the market for new food products call for a repositio-
ning of existing foed production systems and raise the question whether the
concepts currently used can survive the challenges of the future. What we
see is that apart from market saturation, a number of other developments
have a large influence on market conditions. Generally consumers are beco-
ming better educated and more demanding. They are also becoming Less pre-
dictable in their purchase behaviour, eat more outside the home and are
more canscious about health-related aspects. As a result there is a conti-
nuous need for new products and a more differentiated food product assort-
ment. Related to this development product life cycles become shorter, and
efficiency and flexibility of food production systems become even more
important.

In this book many aspects relevant to innovation in food production sys-
tems are addressed. Each contribution to the baok draws a clear picture of
the current situation and future developments in its own domain. However,
for successful planning and implementation of product and process innova-
tion it is no longer sufficient to base this on a collection of individuat ele-
ments, The complexity of the issue of product innovation and product accep-
tance requires an integrated approach. In fact, as may have become obvious
from the previous chapters, there is a need for new concepts in which the
various disciplinary approaches are combined into ene integrated, techno-
managerial approach. Technological inventions, such as those in the field of
biotechnology, have to be translated into products which are attractive to
consumers, Conversely, changing consumer values and habits will stimutate
innavation in food production technologies which will in turn lead to the
production of new products. This interdependency between consumers’
wants and needs on the one hand and technologies and research on the
other has been recognised by many food companies, but is not yet systema-
tically implemented. The interrelationship between technology and consu-
mer behaviour should receive more attention in the modelling of food pro-
duct innovation.

An additional point which we stress in this book is that there is a need for a
chain-oriented approach to product innovation which considers the whole
food supply chain from breeders, through processing up to the consumer in
one integrating concept. Traditionally, food supply chains have been charac-
terised by two distinct features: 1. the one-way communication along the
chain from producers of raw materials to the users of end products (the con-
sumers) and 2. the poor understanding of the concept of product quality.
{luality was and in a number of cases still is, predominantly based on techni-
cal criteria and producers have tended to focus in particular on costs and pro-
ductivity. Actors in the food supply chain have this approach to quality in
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common. In addition, each actorin a food supply chain will use specific quali-
ty criteria such as homogeneity and storability of raw materials at industrial
level and ease of handling at the retail level, Sometimes these specific crite-
ria can conflict with end product quality. As a result there is a need for a uni-
fied concept of product quality and acceptance throughout the production
chain. It requires a chain reversal in which the consumer has become the focal
point. Foed production systems of the future can no longer be solely produc-
tion driven but should be characterised as primarily consumer driven.

The contributions to the book also undertine the importance of the rela-
tionship between the food production system and its environment. This is
not only the case with respect to the food consumer, the focal point of the
environment of every food production system, but also to the political and
legal environment, the facilitating services and new technologies becoming
availabte to a food production system. This environment deserves conti-
nuous menitoring by faod preduction systems, if they are to play a leading
role in product innovation.

The content of the book suggests that progress in the research of food pro-
duct innovation should be made not only by further elaborating the topics
covered in the various chapters but also by medelling the interdependency
between technology and managerial (including marketing) elements of food
product innovation. Consumer perception and preferences are the starting
paint for such a model of food product inngvation. How are changes in con-
sumer preferences and market economics translated into the necessary tech-
nological developments? A series of studies on future consumer issues has
recently been carried out for the Dutch National Agricultural Research
Council (NRLO), Meulenberg {1996) has analysed the socio-economic deve-
lopments in the food market and translated them into consumer categories.
Jangen et al. (1997} have used these categories and developed a model for
translation of consumer preferences and perceptions into desired technolo-
gical developments, The model is based on 2 systems analysis which uses
the consumer as the focal point. A stepwise approach is followed in which
seven successive steps are distinguished. These steps seem to form a useful
framework for an integral model of praduct innovation in food production
systems, and can be summarized as follows:

I. Thorough analysis of the socio-economic developments in specified
markets

1. Translation of consumer preferences and perceptions into consumer
cotegories

I Translation of consumer categories into produict assortments

IV. Grouping of product assortments in product groups at different stages
of the food supply chain
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V. Identification of processing technologies relevant for specified pro-
duct groups

VL. Analysis of state of the art in relevant processing technologies

VIL. Matching specified state-of-the-art processing technologies with futu-
re needs

Following this model the study showed that successful linking of Research &
Development programmes within companies to market dynamics requires a
number of new technological developments to be implemented. In connec-
tion with this model we also offer some conclusions and suggestions:

1. Theincreased competitiveness in the market and the observed changes
in purchase behaviour of the consumer require ‘dedicated’ production
systems which follow market dynamics more closely.

There must be a breakthrough in thinking from craft to ‘design for manu-
facture’, making use of information technology and computer manage-
ment systems.

Biotechnology must be developed further, to modify and/or add desired
properties to raw materals and ingredients.

More fundamental research must be done an structure-function relations
with respect to product design technology and fabricated foods.

2. The increased complexity of the issue of product quality and accep-
tance, and the costs associated with product innovation necessitate
structured approaches and integration of marketing and R&D for effi-
dient use of knowledge and labour,

Systems such as Quality Function Deployment (QFD) and Effective
Consumer Response (ECR) will be of great importance and should be
developed and evaluated so that they are more suitable for use in food
product innovation

The relation between Food and Health with a focus on the so-called non-
nutritive components must requires further research,

3. Integration of knowledge from different research areas such as sensor
technology and materials technology will be necessary in order to be
able to meet future consumer demands for product quality.

Developments in material sciences and in the field of (bio)sensors
should be explored for application in food preduction systems, e.g. in
new packaging concepts.



Summary and future prospects

180

It is obvious that our knowledge about the relatfonships between market
changes, consumer behaviour, food products and pracessing technologies is
still by and large insufficient. Nevertheless the proposed stepwise approach
seems promising and deserves further attention in order to transform it into
a useful approach to strategic investment in product innovation, in particu-
lar in future technologies and R&D programmes.
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