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The situation concerning world food production is changing
dramatically. On the one hand, the world population is
expected to grow still further, reaching about 8 billion peo-
ple in the middle of the 21st century. Novel phenomena,
such as ageing of the human population and excess weight
in developing countries pose new nutrition problems. Food
scares, which were enhanced by recent BSE and tox-
icological outbreaks, hinder the applicability of some solu-
tions. Under these conditions, scientists and technologists
should participate actively in the tasks of informing the
population as well as ®nding new ways to provide people
with the optimal amount of nutritious food. # 2001 Elsevier
Science Ltd. All rights reserved.

Introduction
Food scientists have existed for some time, largely at

®rst because of the social need to ®ght fraud. This need

produced the ®rst breed of food chemists and physicists,
mainly working for the regulatory authorities in the
19th century. As food production transformed itself in
keeping with the industrial revolution, food scientists
accumulated in industry. As their scienti®c capabilities
and knowledge progressed, they became capable of
tackling the extremely complicated biological matrix
even without a more or less immediate economical
objective, and, therefore, found their niche in uni-
versities and research institutions too.
Food scientists are trained, at high cost to the com-

munity, because food is recognised to be of an over-
whelming importance, from the economic, strategic and
political points of view. Nutritionists, mainly involved
in public and personal health and quality of life,
appeared much for the same reasons.
It is, therefore, probably indisputable that food sci-

entists and nutritionists when taken as a group will
master in an unrivalled way the potential, the trends of
demand, the physicochemical and nutritional properties
and the marketing complexities of novel foods and food
ingredients.
We would like to point out, as Science recently did [1],

that it is, therefore, their utmost professional duty to
society, to participate and indeed to foster, e�orts cap-
able of informing the public about the present and
foreseeable food-related problems for humanity, about
the existing answers to perceived problems, and about
the major hurdles and proposed solutions for them. For
this purpose, they must train their communication skills
by debate, and resolve their scienti®c di�erences before
addressing the community.
The strong progress in information technologies

enabled both an unprecedented data crunching cap-
ability for the knowledgeable individual, and a wider,
apparently all-embracing awareness by the public in
general, largely due to e�orts by the media and, of
course, the internet. As regards food, this means that in
industrial or post-industrial societies, data availability
has spread to such an extent that, given any motivation
whatsoever, individuals may gather data and construe
arguments in favour of any of their beliefs, even if their
origin is far from rational.
Novel foods and food ingredients, inasmuch as they

represent a breach with tradition, naturally fall into an
especially controversial class of eminently publicised
and controversial subjects. One should ponder about
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this and decide whether the professional standing of a
food scientist enables and dictates he should in some
way participate in the controversy surrounding them.
The intervention of food scientists in the process of

social progressÐespecially for the case of genetically
modi®ed organisms (GMOs)Ðwas one of the underlying
aspects of an extremely important and publicised OCDE
conference recently held in Edinburgh [2], which provided
many reference position papers and critical analytical
views. We believe they will contribute to the process of
changing attitudes towards novel foods, and a�ect both
the public and the scientists' actions in the near future.

The quest for healthy, nutritional and satisfying food
The physical and chemical properties of food con-

stituents, the way they interact and the way they are
arranged in the food matrix have a deep in¯uence on the
intensity of the functional properties of food, important
for its processing, preservation and mouthfeel.
It is not only the concentration of di�erent food

componentsÐlipids, carbohydrates, and proteinsÐthat
matters when a plurality and choice of food items is
available. The arrangement of the various components in
the food matrix is also of great importance. Are the car-
bohydrates concentrated at the food surface? Are they
homogeneously scattered throughout the whole food?
Are they arranged in discrete aggregates? What is the
degree of intimacy between lipids and carbohydrates?
All the above characteristics will ultimately in¯uence

several functional propertiesÐcrustiness, crispiness and
smoothness, colour preservation or resistence to lipid
oxidation, but also many other more subtle properties
such as ¯avour persistence in the mouth. In other words,
the microstructure plays a key role whenever functional
properties are concerned [3]. That microstructure and
branching are a key factor in transports phenomena was
also raised in cancer cell therapy, where several scientists
stress the in¯uence that modi®ed cancer cells and capil-
lary network formation in the vicinity of tumours might
have on the e�cacy of cancer cell therapy [4±7].
The kinetics of ¯avour release may not, however, be

too slow; or else the food will be chewed and swallowed
before the ¯avour can ever have the chance of being per-
ceived. In other words, di�usion throughout the food
matrix will regulate the ¯avour perception and its per-
sistence. On the other hand, a ¯avour must be brought to
the consumer's mouth with all the characteristics, which
were initially introduced in it along with its processing.
This means that the food matrix must have a set of
properties that allow for the stabilisation of the ¯avour
inside it as long as the food is not consumed.
The retention and the stabilisation capacity of the

food product will thus depend not only on the food
composition but also on the surface properties of the
di�erent food components, especially those that are
supposed to be in direct contact with the additive. Thus,

speci®c surface area, hydrophobicity, crystallinity are
properties that will have to be studied to anticipate the
additive retention capacity by a certain food matrix. To
understand the interactions between the food micro-
structure with its ability to retain and release food ¯a-
vours, it is necessary to characterise the microstructure,
to measure the water retention capacity and the hydro-
phobicity of each ¯avour and, last but not the least, to
carry out transport studies of the di�erent ¯avour
molecules through the food product and derive appro-
priate models.
These considerations are examples of practical pro-

blems for which food scientists have devised many
solutions, and which underlie the usefulness of the con-
cept of food functionality.
Functional foods on the other hand, must contain sig-

ni®cant levels of biologically active components that
impart health bene®ts or desirable physiological e�ects
beyond basic nutrition, and which may be present or
absent as a result of technological or biotechnological
means. Thus whilst ensuring an appropriate rate of ¯avour
release is a feat attributable to the functional properties
and microstructure of food, the fact that eating it will
induce a pleasurable sensation including endorphin
release, with a plausible contribution to physiological well-
being, might be invoked in naming that food as functional.
A more realistic example is probiotic food [8]. Pro-

biotics may be included in functional foods, which are
food components that are microbial and improve gas-
tro-intestinal balance and add digestive enzymes. In
general, they help maintaining an overall state of well-
being and body ®tness, normally by enhancing the nat-
ural defences of the human organism. High adhesion to
gut epithelium has been proposed as involved in the
mechanism of probiotic action [9]. Other works suggest
that probiotics may be involved in the stimulation of, or
may be used to regulate, the immune system and the
problem of food allergy [10±13]. It was proven that
probiotic action could be substantially enhanced with the
addition of appropriate carbohydrates, which promote
the ®xation of the probiotic population, thus acting as
prebiotics [14]. A typical example is inulin, a poly-
saccharide contained in many vegetables and fruitsÐ
chicory, Jerusalem artichoke, bananas, among many
othersÐwhich promotes the ®xation of certain bene®cial
lactic acid bacteria in the intestinal gut [15]. Another
example is chitosan, a polysacharide that stimulates
vitamin E uptake [16], but could have been added for its
functional properties. The investigation of many carbo-
hydrates and their e�ect on promoting probiotic action
is an actual topic [17], and much remains to be done.
Other research needs include more methods to be
developed to characterise intestinal micro¯ora, includ-
ing the non-culturable species, the understanding of the
role of the diet and probiotics, and viable or non-viable
cell wall components in the general immune functions [18].
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Functional foods are still food, and should be con-
sidered so by their producer by the consumer and by the
regulatory authorities. Industrial associations have suc-
cessfully undertaken to negotiate with the authorities a
``Code of Good Practice for Health-related Product
Claims'' in many European countries. Their develop-
ment and popularity is a milestone in the bridge from
food research to health.
Another category of products, which might include

food supplements, are nutraceuticals, which claim to
have health bene®ts, including the prevention and
treatment of disease, but no longer should be considered
as food. Examples of nutraceuticals include amino
acids, fats (modi®ed or not), dietary ®bres, plant pig-
ments, antioxidants, vitamins and minerals such as cal-
cium or iron. Some sweeteners may be termed
nutraceuticals, e.g. for diabetics.
Recently, experiments on the genetic expression of

vaccines in vegetables or fruits, such as bananas or
potatoes have been reported, which may allow low cost
distribution of some of these ``medicinal foods'' [19]. If
this concept is widespread, and if the concerned popu-
lation accepts the consumption of these types of food,
then the range of nutraceuticals utilisation will be con-
siderably enlarged. Such nutraceutical products are the
last milestones bridging food and pharmacy. These
foods may be especially important for groups of con-
sumers with special nutritional de®ciencies, even in
industrial societies, as pointed out by Dr. Weksler [2],
who lists nutritional de®ciency in protein, vitamins C,
A, B6, E, and Fe/Zn in a signi®cant proportion of the
US senior population.
We believe to have therefore summarised actual

trends in food research in three areas which have rela-
tively recently emerged as autonomous, functional
properties and food microstructure, functional foods,
and nutraceuticals, in that order. Much remains to be
done in all of them as well as in the processing aspects
of food production and preservation, in order to main-
tain the functionalities, functional food properties and
their nutraceutical activities.

A perspective on food-related problems
When trying to make sense of a collection of disperse,

important, and actual facts, it is di�cult to show
impartiality. Historians claim there is not enough dis-
tance to create an unbiased perspective. Biased as the
authors may be, the possible perspective could perhaps
best be imagined as that perceived by an imaginary and
clairvoyant observer of Planet Earth.
This being would rapidly conclude this planet is

inhabited by a dominating species, which calls itself the
human species. This race had shaped the planet in order
to adapt it to its existence and proliferation. It has
mastered the methodologies for water usage and food
production and preservation in a large part of the

inhabited areas. A more detailed analysis would then
lead him to the conclusion that some more disturbing
and real facts persisted, namely:

(a) That whereas food surpluses consistently exist in
some parts of the planet, food shortages con-
sistently appear in some others. These food shorta-
ges cannot be exclusively explained by climatic
disasters or by inappropriate land. Factors such as
generalised underdevelopment, low education, ill-
conditioned foods, inadequate food distribution
and-preservation facilities all contribute to them.
This present situation might well be menaced by
world population growth, which might attain 8 bil-
lion by mid 21st century.

(b) That no great progress had been gained, or was
expectable [2], in redistributing excess food to hun-
ger stricken areas, even if regional surpluses had to
be diverted to non-food applications.

(c) That those over-consumption patterns were
apparent in a�uent areas leading to a series of
characteristic diseases, and malnutrition or even
hunger was obvious in others. It must be noted that
an emerging and apparently contradictory phe-
nomenon is appearing in developing countries,
where a starving population coexists with an ever-
growing overweight population (in Brazil and in
Colombia the percent overweight population
reached in 1999, 36 and 41%, respectively [20]).
This raises the question of how well the glucose and
lipid metabolism is known. It is nowadays almost
certain that di�erent people evidence signi®cant
di�erences towards fasting tolerance, for example.
It is of general consensus that genetic reasons are
linked to steatopygiaÐa morphological trait rela-
ted with fat accumulation on the buttocks of pear-
shaped womenÐwhich corresponds in itself to a
marked resistance to prolonged starvation. This
might explainÐfor merely selective reasonsÐits
signi®cant incidence in developing countries, where
body-fat accumulation could bring about a compe-
titive advantage for successful pregnancies during
times of famine. The group of steatopygous women
are prone to quick lipid accumulation and, quite
likely, they will show modi®ed glucose metabolism.
Accordingly, this group will also be prone to over-
weight in times of food abundance.

(d) That it was exactly in the less developed areas,
where food was scarcest, that minimal productiv-
ities were achieved, as well as maximal ine�ciencies
leading to wastage in the production and preserva-
tion of food.

(e) That this wastage amounted to an important part
of overall production, hence that overall produc-
tion was consistently planned for an amount su�-
cient to compensate for it.
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(f) That in areas of e�cient production, accumulation
of residues was consistently growing, resulting in
the accumulation of those agricultural inputs which
did not degrade at appreciable rates. Productivity
increase in industrialised agricultural systems was
nevertheless becoming marginal, in comparison
with past successes, suggesting that maximal pro-
ductivity had been attained, or nearly so, with
existing cultivars and arable land [2].

(g) That some of the factors determining quality of
life were su�ering from this intensive production
practice. If the clairvoyant being also had the pos-
sibility to examine historical development and was
knowledgeable about population trends, he would
not be able to miss the staggering increase in
human population brought about by, among oth-
ers, the invention of fertilisers and antibiotics,
which permit the survival of a larger, and longer
living population, respectively. Productivity gains
largely stemming from seed and agricultural proce-
dure improvement were showing unmistakable
weakening [2], and global, future food shortage a
more real menace than might have been expected.

(h) That despite strong progress in food production
and preservation technologies, and the ever grow-
ing importance of good manufacturing practice,
even in the more a�uent areas there were many
examples of situations where malpractice or plain
carelessness had actually lead to the inclusion of
toxic components in food, and to situations in
which it became expectable that food-borne disease
might develop. In these regions, there were opera-
tional regulatory institutions, whose mission was to
ascertain that food quality be maintained and that
food items of actual or potential toxicity not be
consumed. Nevertheless, they were powerless to
predict and prevent them, proving that new views,
new studies and new methods were needed in order
to improve the knowledge and the control of
upcoming outbreaks.

(i) That extremely contagious ``food scares'' were
becoming prominent, at a pace more or less exactly
matching that of increased food safety, and that
these were either poorly correlated or actually
unrelated to any proven toxicity in some of the
particular foods they were all about, and mainly
due to malpractice.

(j) That at the same time, mainly due to changes in
ways of life, consumer preferences, and technologi-
cal progress, the scienti®c, mainly the medical
community, was well aware of existing problems in
the food supply, namely because the selection pres-
sures had become favourable to opportunistic psy-
chrotrophs in minimally processed food.

(k) That a topic to which special attention was being
paid by the media, and had somehow become an

international concern, was that of GMOs, when
used in food products, despite the fact that experi-
mental evidence had accumulated as to their inno-
cuity, were being pointed out as potentially
dangerous.

(l) That as a consequence of these concerns, laws were
published in some countries banning the use of
GMO, and rendering agricultural production sys-
tems more, rather than less di�erent from those
used in otherwise similar countries. This happened
after a ®rst round of GM food crops, arguably
more bene®cial to producers than to consumers,
was developed, but those laws introduced regional
asymmetries, discouraging research and nurturing
production disadvantages.

(m) That the scienti®c community had not assumed
per se and as such any important role, other than
developing the GMOs.

(n) However, he would also notice that three unre-
lated and very recent events might be cornerstone
to a change in public perception of the risk even-
tually associated with GMO food:
Ðthe creation of a ``Council for Biotech Infor-

mation'', announced in Washington 3 April
and initially endowed with US $50 M, by a
coalition of seven leading companies with an
interest in biotechnology, plus the industry
trade associationÐthe Biotechnology Industry
OrganisationÐand whose purpose it would be
to foster understanding of biotech by the US
and Canadian Public shows how important this
issue is;

Ðthe creation of a ``European Food and Health
Authority'', (European Commission, 1999)
depending from the Directorate General for
Consumer Interests.

Ðthe likely event that a liability clause be expli-
citly included in the marketing authorisations of
GMO foods, for the admittedly unlikely event
of damages ocurring from their production and
consumption.

(o) Last but not least, the EU Commission has
undertaken to restore con®dence in the usage of
GMOs in food, after recognising that the actual
situation is hindering research and competitivity
in Europe.

GMOs in food production
Having thus characterised the present situation as

seen by the imaginary clairvoyant observer, it is impor-
tant to elaborate in ®rst place about GMOs, for they are
the item which bears a closer relationship to recent sci-
enti®c progress.
There are two attitudes concerning GMOs. The ®rst

one is that of general acceptance, whenever use of
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GMOs is shown to be visibly advantageous for health
care. Thus, genetic medicine technologies, which e�ec-
tively change, for instance, the enzyme producing cap-
ability of individuals, are currently in use. On the other
hand, no one has questioned the use of insulin made
from GMOs. Quoting Roller and Harlander [21],
``Many products of biotechnology which are acceptable
in the treatment of terminal disease are not favoured
when applied to food. When biotechnology is applied to
food, consumers have a choice of whether to accept the
technology or not. The exercise of informed choice
requires information, and the provision of and reaction
to such information will be a key factor in the acceptance
or otherwise of food applications of biotechnology''.
We may thus anticipate that a positive attitude will be

observed when genetically modi®ed tobacco plants will
be extensively cultivated for the production of hae-
moglobin [22], or, as is proposed in a very recent work
[23], for the production of human somatotropin.
The recent development by Bizily and co-workers

[24], who genetically modi®ed Arabidopsis thaliana in
order to get it to scoop out mercury from contaminated
soils, a problem which conventional technologies a can-
not solve economically, might well prove to be a land-
mark in altering this attitude. It is also expectable that
the general public attitude towards GMOs in food will
change when vegetables adapted to harsh growing con-
ditions, and which undoubtedly contribute to the
increase in food availabilityÐresistance to drought, to
soil with high salt content, or to extreme temperaturesÐ
will be opened to agricultural exploitation [25].
The second attitude concerns the use of GMOs or

their derived products as food staples. It seems that the
public attitude is at least of caution and concern. This
attitude is especially visible in European countries, and,
from our point of view, must not be dissociated from
the recent events in the Food and Feed areas: BSE,
Listeria and E. coli outbreaks with lethal consequences,
may be in part responsible for this attitude.
Scientists whose knowledge represented a heavy societal

investment have the possibility, and therefore the mission
to tell the public some simple facts. Apparently, very
few people are aware that they eat transgenic material
whenever they eat anything, except if their menus are
exclusively cannibal. Few people are su�ciently aware
that the digestive system breaks down foodstu�s to
small pieces in an extremely e�ective way, including not
only proteins, lipids and carbohydrates, but also foreign
DNA, whatever its origin. It appears that ingestion of
foreign DNA does not pose a risk [2]. Indeed, even the
probability of ampicillin resistance gene being trans-
ferred to competent E.coli has been shown to be less than
1.7�10ÿ20, or 60 million times less probable than ®nd-
ing at least one Clostridium in a high pH canned food.
Few people are aware that allergenicity to food is

inevitable and that there are people allergic to such

current foods as onion, garlic, cheese, strawberries, dif-
ferent kinds of nut, seafood and even white®sh, to hen
eggs but not to quail's, to cow's milk but not to goat's,
and to proteins containing phenyl-alanine.
It is therefore to be anticipated that some, few, people

will undoubtedly be allergic to GMO foods, as pointed
out by Nordlee [26] for a transgenic soybean, but the
vast majority of the world population will safely con-
sume GMOs that have successfully passed all the reg-
ulatory tests that were devised whenever a new food
product is intended to be marketed. The conclusion of a
panel who undertook an assessment of genetically mod-
i®ed soybean with an inserted gene, was that the bean
and its products were comparable to, and as safe for
human consumption as, conventional soybean and pro-
ducts obtained from it [2].
In any case, the transfer of genes conferring resistance

to drought and to high salinity into cash crops must
evoke reasonably general approval. Together with other,
second-generation GM seeds providing measurable
advantages to the consumer as well as to the producer,
they will probably contribute to build up a positive pub-
lic opinion, eventually capable of self-expression too.

Food-related shocks
That food scares indistinctly target some of the best

and most powerful developments in food production
and preservation and some of the cheapest and most
vile examples of malpractice or carelessness alike, often
likening the way they are perceived by the public, is
something food scientists should really worry about.
This situation probably originates because of mis-
information or insu�cient information of the media and
consumers alike, about the taxing and careful reg-
ulatory procedures for novel foods. It also implicates
some degree of implicit mistrust in these procedures.
It is known nowadays that food-poisoning outbreaks

may sometimes come from unexpected micro organisms
which for centuries cohabited harmlessly with man and
as such have not been paid much attention to by food
scientists (e.g. Acinetobacter is now suspected of being
the responsible bovine spongiphorm encephalopathy
[27]). The presence of pathogenic micro-organisms in
unsuspected places and conditions should be carefully
monitored, as was recently exempli®ed by ®ndings of
possible cross-contamination of carcasses by E. coli
O157:H7 in supposedly hygienic North-American abat-
toirs [28]. Changes in food consumer's habits, changes
in the processing methodologies, changes in the food
storage procedures may be included, among others less
known, as possible causes for this emerging situation.
On the other hand, psycrotrophs such as Yersinia

enterocolitica, Escherischia coli and Listeria mono-
citogenes, some pathological strains of which have been
implied, respectively, in gastro-enteritis with a plausible
link to arthritis [29], in deadly food poisoning incidents,
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and in gastro-enteritis, miscarriage and a wealth of other
diseases, have received widely di�ering coverage in the
literature provided by food scientists. The ®rst paper on
Yersinia behaviour towards food processing was pub-
lished in 1995 [30], and only a handful was published in
1999, whereas a wealth of literature is available for the
two others, mainly because of the intensity of the food
scares associated with them. But irradiation treatment,
which at low or intermediate dosage is e�cient against
these, has not become more popular or widely accepted.
Another striking example of a dangerous pathogen is

Helicobacter pylori. Recognised as being one of the
main causes of peptic ulcers [31], its relation with gastric
cancer seems plausible [32], but the food microbiology
of this organism has not to our knowledge been repor-
ted on in depth, though it is tentatively concluded that
good manufacturing practice is connected with a low
incidence of the H. pylori infection [33].

EU legislation
Novel foods and food ingredients are de®ned in the

EU Directive 258/97. These products may belong to one
of six di�erent classes according to the classi®cation set
forth in the joint Parliament and Council ruling 258/97,
and legalisation procedures for bringing them to market
have also been implemented, by way of the Commission
recommendation number 97/818. These procedures
involve in some cases relatively detailed toxicology stu-
dies, but rely on the concept of ``su�cient similarity'',
when the novel item is similar enough, and not expected
to involve a higher rate of consumption than another,
non-novel, established food item.
In parallel, for food containing or produced from

GMOs (recently speci®ed at levels of inclusion at or above
1%, in Commission Regulations (EC) 49 and 50/2000, in
force from today onwards, speci®cally for those already
authorised for food use in the EU, mention must be made
of this fact in a label (Council ruling 1139/98).
These laws eventually remit to the Council Directive

90/220, which states the procedure for authorisation of
cultivation in the EU of GMO seeds. Based on this
environmental directive no new authorisations have
been forthcoming since 1998, though quite a few are
pending, and the existing authorisations are suspended.

Analytical aspects of novel foods
Novel foods may present challenging analytical pro-

blems, as they are in many cases similar to the food
items they may substitute. Thus it is indeed di�cult in
many instances to determine:

(a) Whether a food contains or consists of GMO
material, even if such a material was used in its
preparation.

(b) Whether a food contains or consists of a fraction
of some GMO material which because of its pro-

cessing does not appreciably contain protein or
nucleic acid fractions.

(c) Whether a food has been subjected to a process
operation which substantially changed the nature
of chemical species present, even if only that of a
minor fraction of these, as might be the case after
g-irradiation, ultrasound or extreme shear stress
processing, all of which are known to result in the
production of free-radical species, or indeed by
high pressure processing, which a�ects macro-
molecular structure.

These analytical problems arose and still arise because
of the pro-active attitude the EU, and some European
countries on their own initiative, have taken in order to
e�ciently monitor their food supply, an attitude which
will in all probability result in the establishment of a
central Food Authority for the EU.
Irradiated foods, though probably not very novel and

indeed falling under autonomous legislation, are cer-
tainly a good case study because of the public concern
they apparently generated as well as because of the
intended bene®ts their use entails.
Detecting previous irradiation of foods proved to be

more of a problem than initially anticipated, and also
than might be expected if one were to take some of the
more apprehensive press releases about it at face value.
After an extensive, long lasting and multinational
research programme established wholesomeness of any
food irradiated with up to 10 kGy mean dose, it took
another concerted e�ort sponsored by the BCR (Bureau
communautaire de ReÂ ference), now SMT (Standards,
Measurement and Testing) activity within the Growth
programme of the European Union DG Research to
screen potentially useful analytical methodology, followed
by standardisation work performed by the working group
of the Centre EuropeÂ en de NormalisationÐCEN TC
275 WG 8Ðto establish standard analytical procedures.
It is noteworthy to mention that the majority of these
rely largely on alterations su�ered by indigestible com-
ponents in food (bones, cellulose, silicates, hydro-
carbons) and only one relies on the detection of minute
amounts of supposedly radiation speci®c compounds
derived from its fatty components, the 2-alkylcyclo-
butanones. Changes in viable micro-¯ora and in
food macromolecules can also be apparent, but may not
in general be used for more than screening tests, and
may in some instances arise due to other process
operations.
Detection of the use of GMOs in food can be even

more of an esoteric endeavour. The two di�erent types of
methodologies now undergoing standardisation within
CEN TC 275 WG 11 are based on the detection of
altered nucleic acid fragments and peptide material.
Though the sensitivity of nucleic acid detection methods,
largely because of the exponential ampli®cation granted
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by the polymerase chain reaction (PCR) techniques used
is theoretically limited by the presence of at least only
one such fragment in the initial sample, and in present
day practice by perhaps 20 of those, it must be under-
stood that the nature of these fragments must be char-
acteristic of the genetic modi®cation, or modi®cations,
whose existence is being analysed. It is thus usual to
look not for the altered nucleic acid per se, but instead
for the promoter or terminator sequences whichwere used
for its e�ective inclusion. This speci®city of the PCR based
methods means that a multiplicity of such tests must exist,
capable of detecting one characteristic sequence each. It
also means that their e�ectiveness is conditioned by
advance knowledge of the target sequences' presence. It
ultimately depends, therefore, on a statement from the
producer of the GMO containing information on precisely
those target sequences: This information has, as far as we
know, always been available. But the sheer complexity of
the analytical methodology involved in looking for GMO
nucleic acid sequences without prior knowledge renders
their detection implausible in such a scenario. The
situation is therefore characterised by the fact that suc-
cessful detection of GMO material depends on their
developers' conformity to regulations, which might well
be unenforceable. Therefore, it is not inconceivable
that biological materials might have been developed
already, and are being marketed as non-modi®ed, using
promoters and terminators which are not foreseably
traceable.
Even the presence of genetically modi®ed material for

which the necessary primers are available may be hin-
dered if the food has been processed. Thus it may be
impossible to detect whether a vegetable oil is a blend
containing oil from GMO seeds, even if the detection of
the appropriate PCR method is fantastically low and
the EU threshold for declaration is � 1%, because the
operations involved in edible oil extraction and proces-
sing e�ectively removed all nucleic acid or maimed any
residual fragments beyond PCR recognition. Exactly
the same may apply to some processed ready to eat food
items, such as cakes or cooked meals, when the proces-
sing has had the same e�ect.
The other methods for GMO detection use immuno-

logical detection of peptide components character-
istic of the particular GMO, which is being traced.
Much the same limitations exist as for the nucleic acid
methods, i.e. one has to know what one is looking
for and have the necessary antibodies, and one must be
aware that protein denaturation throughout the proces-
sing chain will render detection implausible. The
``natural'' detection limits in immunological methods
are powerfully low, when compared with the �1% EU
legal threshold, but this applies only to relatively non
denatured material, and, therefore, many food items
which contain denatured protein also will remain
undetected.

In any case there will in all probability be readied for
September 2001 at least two provisional European
standards for GMO detection. And there are of course
national standard analytical methods in various Eur-
opean countries.

Conclusions and perspectives
At the end of the OECD Edinburgh conference on

GM Food Safety: Facts, Uncertainties and Assess-
ment (28 February±1 March, 2000) [2] the need for a
more open, transparent and inclusive debate and for
openness and transparency in the policy process, as
well as an acknowledgement that there is potential
bene®t to be gained from GMO technology, together
with the need for long term toxicity studies in humans,
and a debate on the trade consequences of GMO was
recognised.
The European Community presented recently a

``White Paper on Food Safety'' [34], which, essentially
as a result of an earlier report by an international group
of consultants [35], advocates the creation of a new
Food Authority which might provide to the European
consumers some reassurance about the e�ciency of
regulatory measures in force.
This is badly needed from a trade point of view. Very

recent data from the US seems to show that, contrary to
earlier expectations due to press releases from people or
groups with an active anti-GMO stance, plantings of
GMO material were meeting producers' expectations in
the US. This means we will go on importing the per-
mitted GMO for use in feed and food and our farmers
will still not be able to compete against these seeds
with similar material. This situation, whilst certainly
providing data for long term toxicity studies of popula-
tions relying on heavy imports of GMO, for instance
for feed, as is the case of Portugal, certainly needs
redressing.
But even with an impartial and knowledgeable Food

Authority in action, and it will take some time, there is
no substitute for debate, preferably publicly held. As
states DupreÂ [36], ``To make an informed decision about
whether to proceed with genetic modi®cation, one
should be able to call on an equally thorough investi-
gation of the consequences of the alternatives, such as
organic farming. Other complex economic and social
questions must be answered as well. What new skills will
be needed in the labour pool? What are the implications
of genetically modi®ed foods for the existing transpor-
tation and distribution methods?''
Scientists should thus prepare, intervene, research and

transmit to the coming generation what they believe to
be our perceived needs.
Meanwhile, acreage of GMOs will undoubtedly

increase due to their superior characteristics and
increased availability, even if mainly in the developing
countries. And the extremely probable absence of
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deleterious e�ects on the populations consuming those
crops will eventually convince those which presently
advocate the imperious need for long term toxicological
studies that they were too cautious. And GMOs will
have helped mankind cope with ever decreasing ratio of
arable land per inhabitant, whilst becoming ever more
important for the availability of novel consumer-adap-
ted foods and ingredients.
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