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Introduction

I would like to express my gratitude to the AMSA for
selecting me to receive the 1998 International AMSA Award.
I also want to express my great appreciation for the late
Donald Kinsman for his initiative and warm support in this
respect. He was the example of a truly international meat
scientist. He strongly supported the international exchange
of people, knowledge and ideas by different means. He
also was instrumental in reshaping the Meeting of Euro-
pean Meat Research Workers (EMMWR) into the Interna-
tional Congress of Meat Science and Technology (ICoMST).
His friendship was unique. I miss him very much, espe-
cially today.

I want to take this opportunity to share with you some
thoughts on current and possible future developments and
changes in the production of meat, and the consequences
they may have for future meat research. I will outline pos-
sible future strategies for meat research, paying due atten-
tion to meat research developments in general, but also to
important research conducted in adjacent fields.

Meat Research in the Context of Science

It is beyond the bounds of this presentation to give a
complete overview of what has been achieved in the past.
There is an abundance of excellent reviews on a variety of
subjects in proceedings of recent conferences (e.g., the
Reciprocal Meat Conference) and in several journals. These
overviews document the progress which has been made
and we can indeed be proud of what has been achieved.

Research is meant to give answers to existing ques-
tions. But in a constantly changing world, new questions
arise continuously. Some people think we should no longer
expect to see many scientific discoveries. (Maddox and
Horgan, 1997/98) even believes that the glory days of sci-
ence are already over. He quotes the physicist John Wheeler
who stated: “As the island of our knowledge grows, so does

the shore of our ignorance”. This also applies to meat sci-
ence.

(Maddox and Horgan, 1997/98) maintains that al-
though in basic science the research community is now at
a loss with regard to what the right questions are to ask,
applied science still has a long way to go. He states that
with the end of the Cold War, budget cuts have cramped
the growth of the scientific enterprise worldwide. Here too,
things are not different for the meat research community;
we are also confronted with the fact that funding is trimmed
in many countries. This is partly the case because govern-
ments are reconsidering their task and role in society.

Meat Research Areas

In order to get an idea of what should be on the re-
search agenda, let me briefly mention some of the subjects
which we will have to deal with.

Quality
In 1958, while still a meat inspector, I was confronted

with what was then called “meat degeneration,” a condi-
tion later identified as PSE (Briskey, 1964). Before that time
this quality defect was known in the Netherlands as “Enter
disease,” since pigs from the area around the village of
Enter showed this abberrant condition in their meat. At
that time seriously affected carcasses were even con-
demned. The interest I had in the aetiology of the condi-
tion became the start of my career in animal and meat
science (Sybesma and Eikelenboom, 1969). In this respect,
I mention gratefully the US support in Zeist  of Glenn
Schmidt (1972), Max Judge (1973) and Bob Kauffman
(1993). Although considerable progress has been made in
efforts to reduce PSE, particularly in the genetics field, to-
day the condition still exists and has been joined by the
RSE condition (van Laack and Kauffman, 1997). Is the in-
dustry condemned to live with the problem forever? Im-
proving preslaughter conditions, particularly those
immmediately prior to stunning, should, be an area of high
priority in my opinion.

In many respects tenderness is still a ‘black box’. Basic
research on muscle biochemistry will be necessary to im-
prove our understanding of tenderness and other quality
problems. However, at the same time we should imple-
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ment existing knowledge to solve the practical problems
associated with these challenges. In view of the acceler-
ated processing techniques and short aging periods  used
with Just-in-Time systems, let me express my concern with
respect to beef tenderness. A recent study regarding the
image of meat with the Dutch consumer showed that sen-
sory quality was the most important aspect (van Trijp, 1994)
among the dimensions of ease of use, sensory quality, natu-
ral production, and use for special occasions.

New Lifestyles

In many societies around the globe, including in the
Western world, lifestyles and values change rapidly. There
is more and more individualisation, “grazing,” dieting and
in general, less time to prepare meals. The industry has
adapted to this development by the manufacturing of con-
venience food products and pre-cooked meals. The con-
sumption of fresh meat might decrease in certain coun-
tries, while at the same time we see an increase in the
consumption of processed meat products. In addition, the
variety of meat and meat products to choose from at the
supermarket counter has increased considerably. Swan et
al. (1997) mentions various categories of processed meat
such as “lite,” nutraceuticals, anti-allergenic meatproducts,
processed meat to satisfy religious and ethnic needs, and
processed novel meats reflecting the wishes of consumers
in modern society. While households are getting smaller
and smaller, there is at the same time a growth of the cater-
ing industry. The central preparation of food often requires
different processing and preparation techniques (Oosterom,
1997). This centralization may increase the risk and con-
sequences of meat contamination, as illustrated by the E.
coli drama with schoolchildren in Japan. Globalization
through tourism leads to additional health risks.

Meat and Health

Nutritional Aspects
 Meat is defined as the edible flesh of animals i.e., red
meat, poultry, fish and game (Kinsman et al. 1994). The
essence of the nutritional value of edible meat and meat
products is that they are concentrated sources of protein
and have a range of vitamins and mineral salts. As little
as 25 grams of meat will supply 45% of a child’s daily
need for protein and half that for vitamin B12. Although
meat may not be essential in the diet, many diets would
be considerably improved by the inclusion of even small
amounts of meat and meatproducts (Bender, 1992).

The industry communicates with the consumer about
the nutritional and health aspects of meat by way of publi-
cations and advertisements. Not surprisingly, this is usu-
ally done in a positive sense. If the industry wants to re-
main credible as a source of information, it is of utmost
importance that the information given is sound, scientifi-

cally based and supported by facts. Scientists play an im-
portant role here. The consumption of meat for additional
nutritional advantages will follow the lead of specialty
nutriceutical and novel foods (Swan et al. 1997). Some
products in the dairy industry have been developed which
contain specific lactic acid producing strains of bacteria.

These bacteria have a positive effect on the immune
system and thus the health of the consumer. Arihara et al.
(1997) recently investigated a similar approach in fermented
meat products and suggested the same effect. We have been
alerted about the relationship between the consumption
of meatproducts and  risk of cardiovascular diseases, as
associated with saturated fatty acids. The use of nitrite in
meat products, which may cause the formation of carcino-
genic nitrosamines, has been substantially reduced by the
meat industry .

Microbiological Hazards

In recent years, the meat industry has been confronted
with many issues regarding food safety. To mention a few:
Salmonella, Campylobacter, E.coli (O157:H7) and Listeria
monocytogenes. In addition, prions, the causative agent of
BSE, have caused concern. These issues have seriously af-
fected the consumer’s confidence in meat although meat
was not always to blame. Diseases caused by food con-
tamination often go along with huge economic losses. In
the Netherlands alone, Ament (1996) calculated the eco-
nomic damage based on non-working days due to Salmo-
nella and Campylobacter contamination as amounting to
more than 150 million dollars per year. The collapse of a
company within days of a recall of E. coli contaminated
patties is another example of  a costly disastrous conse-
quence of  foodsafety risks. (Rust 1997).

In response to these threats, systems to reduce and
avoid infections by pathogenic microorganisms have been
developed to make up for the failure of existing meat in-
spection practices. These systems have often been enforced
by legislative measures. In many instances the industry has
gone even further. There are many systems including: Risk
Assessment, Food Safety Objectives (FSO), HACCP, GMP
and GVP. It goes without saying, however, that these mea-
sures lead to additional costs for producers and the meat
industry. Although these systems are meant to improve the
safety of the product, they sometimes also blur the real
picture. HACCP is only as good as its enforcement. Fur-
thermore, the interests and responsibilities of governments,
producers and consumers are sometimes not in line with
each other, because short-term economic incentives and
long-term human health impacts are not always comple-
mentary (Heersink, 1997).

Non-microbiological Hazards
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Not only microbiological hazards but also chemical
residues in meat may pose a threat to the health of the
consumer (Moats, 1994). Repartitioning agents like
clenbuterol are hazards for the health of the consumer. In
the European Community a monitoring control system for
repartitioning agents in veal and beef  has been put into
practice (Kuiper et al. 1998). Attention must also be given
to the use of antibiotics in normal feed to increase feed
efficiency and to improve the economics of meat produc-
tion. The rise of resistance of some microorganisms against
certain antibiotics  (eg. vancomycin resistance in entero-
cocci) is of great concern to the medical community. Can
we and should we stop using these drugs in animal pro-
duction? (McOrist 1997).

Animal Welfare and Animal Rights

There are a number of reasons that issues of ethics and
animal rights receive more and more attention in the con-
text of meat producing animals. First, increasingly fewer
people are born in and live in the countryside. Thus, an
increasing number of  people with no experience with
agricultural activities are filling the consumer ranks. As a
consequence, attitudes towards animals have changed.
Many animals, like dogs and cats, are regarded as social
companions. This attitude is easily projected onto other
animals, including meat-producing livestock. This means
that the history of meat animals may be questioned by a
growing number people. Unlike dogs and cats, a pig is
housed in a pen, slaughtered and eaten. Secondly, techno-
logical developments have changed animal production
with some species (Rollin, 1997). Not everybody consid-
ers these developments as acceptable from the viewpoint
of  animal welfare. Is a system based on keeping pigs con-
fined and on slatted floors in the dark still acceptable?

These and other factors raise questions of animal rights.
Action groups for animal welfare get a lot of attention in
the media. Fierce demonstrations against the intensive way
meat is produced undoubtedly affects meat consumption
in a negative way. In response, a tendency towards more
extensive production methods exists. It is the policy of the
EU to promote such systems at the expense of intensive
husbandry methods. However, these methods give rise to
new problems. For instance, parasitic infections are higher
in free range pigs than in pigs raised in confinement. (Van
Knapen, 1997).

In addition to product specifications, more and more
retailers also give process specifications. In some cases,
welfare aspects are included in the primary production
process. A major British retailer has recently specified that
all of the bacon which they buy and sell must be from pigs
born and suckled in group housing systems for sows. This
has given a stimulus to research and development of these
systems for further introduction in Dutch pig production.
To cope with new situations related to ethics and morals,

scientific approaches of a predominantly philosophical
nature can be of great help (Brom, 1997).

Environment and Pollution

The ultimate goal of governments is to create a sus-
tained agricultural system. Governmental decisions often
translate into legislation which puts constraints on produc-
tion systems. The feeding industry and feed research will
have an important role to fulfill in trying to diminish pollu-
tion due to manure  (i.e., ammonia and phosphate output).
The relation between sustainable animal production and a
greater concern for the environment (Metz et al. 1997) re-
quires a whole new set of scientific measures. Ammonia
(NH4) is an important source for acid deposition in terres-
trial and aquatic systems, and hampers the growth of plants.
In the Netherlands as much as 85% of ammonia in air origi-
nates from animal production. Measures have been taken
to reduce  phosphorus excretion and in the growing pig
this has been reduced 50% in the last 20 years as a result
of intensive nutritional research (Jongbloed  et al. 1997).
The Dutch government used a recent outbreak of classical
swine fever as a pretext to reduce the pig population in the
coming years by 25%. Justification for this was based on
the high concentration of pigfarms which have the afore-
mentioned problems of pollution and welfare concerns. A
positive role meat production plays in this problem area is
the function which animals play in upgrading byproducts
of the agricultural industry which  otherwise would have
to be disposed of. This role is often understressed.

Future Strategies for Meat Research

Research Goals
Research goals should account for:
-  quantity and quality interests;
-  the demand for food safety;
-  a trend to use meat more as an ingredient in pro-

cessed food;
-  the awareness of the consumer for animal welfare as

part of the product specification;
-  the necessity of sustained agriculture.

How can research systematically cope with the con-
tinuously changing market with its different demands and
requirements? Indeed, how can we achieve meat with a
fresh and attractive appearance, that is lean and tender
with excellent taste, while at the same time guaranteeing
safety and meeting production requirements, and satisfy-
ing the strictest animal welfare and environmental de-
mands?

It is clear that all of the aspects mentioned lead to a
challenging situation in that research strategies of the fu-
ture will have to cope with a highly complex situation -
much more complex than in the past. In this respect, Quality
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Programs like the ones described for the US by Miller (1997)
and for New Zealand by Frazer (1997) constitute an effort
to guide quality by implementation of genetic selection
programs based on clearly defined selection goals. In the
Netherlands similar quality programs exist, predominantly
based on the chain philosophy. A blueprint for lean and
tender pork has been developed by the Meat and Live-
stock Commission (MLC) in the UK taking into account a
variety of product and process specifications. Putting all
these changed demands with respect to the different as-
pects of an acceptable endproduct into well-described se-
lection goals requires a host of extra research efforts. But
will it be adequate? For instance, pathogenic components
are not taken care of in these systems.

The shore of ignorance around our growing island of
knowledge gets larger and larger and asks for more re-
search. Research money, however, is hard to come by these
days. So we have to deal with the paradoxical situation of
having more problems and at the same time being unable
to cope with them. This means extra challenges for research
management.

Health Promotion

At this moment, research emphasis is on negative as-
pects of the whole production cycle and how to control
them (i.e. food safety control systems, sustainable agricul-
tural methods and welfare friendly production systems). In
addition to this quality control on the negative probabili-
ties of meat and meat products, research should empha-
size the unique role that meat plays in relation to the health
of people. As an alternative of hazard analysis, health pro-
motion research should be put in place in order to get meat
and certain meat products on the shelf as wonderful op-
portunities to gain a better and healthy life.

Integration of Research and Cooperation

In the complex situation sketched above, national and
international integration is an absolute must. The European
Union has several research programs in several fields, like
FAIR, concerned with integrated production and process-
ing chains and agriculture, forestry and rural developments
(EU,1994). As a recipient of the International Meat Sci-
ence Award, it is probably not a surprise that I am very
much in favor of more international cooperation. In the
Netherlands, strategy studies with regard to measures taken
for improving animal health in the future emphasize the
need for integration of many disciplines directed to solve
problem-oriented questions.

It has been recommended that connections be estab-
lished between veterinary and zootechnical disciplines and
those of business, art and humanities (NRLO 1998). This
also applies to meat research which is closely connected
with the animal health situation. I assume that similar ac-

tivities are being undertaken in the US and elsewhere. Many
disciplines are needed to guarantee the consumer the prod-
uct he or she wants to buy and eat. Animal science, veteri-
nary science, medical science, biology, physiology, soci-
ology, marketing, you just name it. In addition, new av-
enues of research are opening up. Biotechnology has tre-
mendous potential – in revolutionary analytic methods and
in breeding of  what  are now called “pharm” animals.
Xenotransplantation is aiming at the use of pig organs in
human medicine. It focuses on animals (pigs) that can be
raised without hazards for  human health under animal
friendly conditions. It goes without saying that  research
managers should monitor these developments very closely.
Adequate information systems are key factors. In fact there
is a big need for a systematic approach from research man-
agers to integrate these disciplines into their own fields of
investigation. This should have a high priority. Integration
of different disciplines may also have a positive effect on
the image of meat research as a discipline. It might im-
prove to such an extent that even more brilliant, talented
students will find it attractive to work in this field.

New ways of fund raising also require attention. In view
of great economic losses and health problems due to food
contamination, the relevant authorities should therefore
note the importance of certain areas of meat research more
clearly. Consumers should be considered as stakeholders
so that government will assume responsibility.

Conclusions

-The interest for meat research is dwindling whereas the
need for guaranteeing a safe product is growing.

-At the same time, quality and consumer health aspects,
environmental issues and concerns for animal welfare
ask for more and integrated research.

-This means that the meat scientist has to widen his hori-
zon to be able to play an important role in a changing
world.

-Integration of complexity in terms of new products, tech-
nical improvements, changing life styles and changing
eating habits is a challenge for research.

-In view of such new developments as biotechnology and
xeno transplantation, ample attention must also be paid
to new scientific opportunities in basic research and new
perspectives.

-To cope with this intricate complex of questions, integra-
tion models of disciplines and new educational programs
need to be developed.

Summary
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We started looking at the issue of the future of meat
research by describing several aspects of meat consump-
tion. Life styles, food safety, sustained agriculture and ani-
mal conditions during the whole production process are
the decisive issues today and they determine the goals of
our future research. The intricately complex field of spe-
cial consumer demands make it a rather heavy task to make
research efforts effective, especially in a time when bud-
gets are trimmed. Integration of research, basic or applied,
of different disciplines, is a sheer necessity more than ever
before. In these circumstances, we need a fresh approach
to fund raising. Consumers should be regarded as stake-
holders in the enterprise of the food supply, which gives
the public authorities the responsibility for adequate finan-
cial support.
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