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Since 1997, the European Union has undergone
deep changes in the scientific assessment of
food-related problems. Among the immediate
challenges in the near future are the scientific and
technological developments and regulatory mea-
sures for the so-called “functional foods,” which
can positively affect the health and well- being of
consumers. Obesity, whose genetic and molec-
ular basis are increasingly understood, is now
foreseen as one of the key targets for novel
functional foods developments, and offers a par-
adigmatic example of the complexity of a biolog-
ical system as a target to be controlled.
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Introduction

The basic concepts of nutrition are undergoing a signif-
icant change. The traditional idea of an “adequate diet,”
in the mere sense of providing enough nutrients to ensure
the survival of an individual, to satisfy metabolic needs
and to pleasantly gratify the sensation of hunger has
become obsolete. Nowadays, alongside the above-noted
factors and everything related to food safety, the empha-
sis is on the potential of foods to promote health, im-
prove well-being and reduce the risk of illnesses. Thus,
the trend is to replace the concept of “adequate nutrition”
with “optimum nutrition.” The notion of “functional
foods,” “foods for specific health use,” or “specific
health-promoting foods” has appeared, suggesting that
some foods may have a beneficial action on certain
functions in the organism that goes beyond their basic

nutritional effects. Genome and post-genome functional
knowledge will be increasingly decisive, as it will enable
us to make headway in understanding the functions of
genes, biomolecules, and cells as well as their repercus-
sion in the whole organism. The application of modern
knowledge and scientific and biotechnological develop-
ment derived from molecular biology is also key to
improving agronomic performance and to producing a
more varied production of foods, which is more respect-
ful to the environment and more functional, and to ensure
that the agroalimentary industry manages to reach high
technology standards and added values.

A foodstuff may be functional for practically the
whole population or only for most of the people within a
particular subgroup—those with overweight or obesity,
for instance. Functionality may also depend on one or
more individual particularities. A functional foodstuff
must continue being food and its effects must be pro-
duced in the usual quantities present in the diet. The
effectiveness of these foodstuffs must be conveniently
established, including intervention studies in human pop-
ulations, carried out for each new individual foodstuff
under normal consumption conditions. Consumption of
functional foods must not compromise healthy feeding
habits and, no matter what, must guarantee security for
the whole population.

In principle, functional foods for obesity should
contribute to a lower intake and/or a higher energy
expenditure, the two components of the energy balance
equation. Our organism can maintain a stable body
weight thanks to a very complex, integrated, redundant
system of regulation, which tends to minimize the impact
of fluctuations in energy balance. Two key elements in
this system are: (a) the control of energy intake, which
determines the sensations of hunger and satiety through
the interrelationship of internal signals with diet and
other environmental factors; and (b) the control of en-
ergy efficiency, which enables part of the energy from
foods to be dissipated as heat (thermogenesis) instead of
being accumulated as fat. Other important biochemical
processes are the formation of adipocytes (adipogenesis)
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and the distribution of nutrients between tissues. Obesity
can appear because of the alteration of one or several of
these processes. More than 200 genes related to obesity
have already been described; the growing knowledge of
these genes and their interrelationship is leading to an
understanding of the system of body weight control at a
molecular level, and is the starting point for new phar-
macologic and nutrition strategies to fight obesity and the
medical complications associated with it. In particular,
evidence is accumulating as to how gene expression and
function is affected by the components of foodstuffs,
which has opened specific ways for the design of new
functional foods.

Concept of Functional Foods

Functional foods have at least one component, whether it
be a nutrient or not, that affects the target functions of the
organism in a specific, positive way and produces a
physiologic effect beyond its traditional nutritional
value. The positive effect of a functional element may be
both its contribution to maintaining and promoting a
healthy state of well-being as well as a reduction in the
risk of suffering a certain illness.

By selecting foods that can positively affect con-
sumer health and well-being, the development of func-
tional foods is an excellent opportunity to contribute to
improving the quality of life. In this sense, the European
perspective differs from the American perspective, in
that it considers functional foods as foods, differentiating
them from nutraceuticals or pharmafoods. Thus, the con-
cept of functional foods includes foods that are usual com-
ponents of the diet and must exert their beneficial effects in
quantities that are normally consumed in a balanced diet,
and excludes pills, capsules and tablets as such.

The first step in the research and development of a
functional food is to identify a compound that produces
a specific effect that is potentially beneficial for health.
Hence, it is necessary to elucidate the interaction of this
compound with other elements in the diet and find out its
function within the organism at different levels (gene,
biochemical, molecular, cellular, physiologic). To cover
this knowledge in depth requires basic fundamental re-
search and the elucidation of the mechanism of action.
From such a basis, a functional effect can be defined that
must be then proved in relevant models and in humans,
by means of epidemiologic and intervention studies that
can show a valid statistical relationship between the
intake of the compound in question and the specific
benefit it provides. The identification and validation of
good biomarkers for such functions that are sensitive to
their modulation by diet is of great help. One important
aspect is to evaluate the security margins of effective
doses in order to produce the functional effects, and these
margins must be safe and applicable to all main popula-

tion groups, including those who can be expected to
consume them most. Sometimes it may be necessary to
include post-marketing follow-up studies as a palliative
measure against those uncertainties that only an histori-
cal analysis can solve.

Food Safety in Europe in Relation to Functional
Foods

Functional foods are a recent phenomenon in Europe,
and are as yet not covered by any specific legislation.
Thus, the development of functional foods in Europe
must be considered by taking into account more general
frameworks of food legislation. The two aspects that can
be considered to be key in a possible evaluation are
safety and efficiency.

Safety is guaranteed by the application of numerous
regulations that control any novelty in food components
and the obtaining process, particularly the Regulation on
the so-called Novel Foods (see below). As far as effi-
ciency is concerned, both the guidelines as to the scien-
tific evidence required in order to validate the efficiency
of new components and associated foods, and the ques-
tion of the so-called claims, allegations or health claims
that can accompany the eventual processes of commer-
cialization are yet to be defined.

It must be pointed out that the evaluation of “novel
foods” involves new ground in the evaluation of food
issues. Let us not forget, for instance, that traditional
foods have never been systematically evaluated as far as
their safety is concerned; in fact, we have always ac-
cepted their need and taken their net beneficial advan-
tages for granted.

Food Safety in the European Union

In 1996–97, a profound reform of the system in Europe
was put into practice. Up until then, the European Union
(EU) had an assessment structure linked to general guid-
ance more related to legislation and commerce; the
connection with the interest in consumer health was not
very evident. The controversy arose above all as a result
of the epidemic crisis of Bovine Spongiform Encepha-
lopathy (BSE), otherwise known as mad cow disease.
The European Commission received criticism for their
insufficient action rendered in the relationship between
BSE in cattle and the new variety of the Creutzfeldt-
Jakob illness in humans. A perception of excessive
dominance or influence of industrial interests within the
committees was detected among consumers and other
social sectors. The European Parliament widely ex-
pressed its preoccupation for the scientific assessment of
the EU in terms of food safety and the need for a greater
link of this assessment with the public interest in con-
sumer. In short, the Amsterdam treaty (1997) meant the
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commitment of the EU member states in a joint policy of
food safety.

In April 1997, the Commission dissolved the old
scientific committees and nine new scientific committees
were created, including the Scientific Committee on
Food (SCF) and the Scientific Steering Committee
(SSC), and were put under the auspices of the then DG
XXIV, which was in charge of defending consumer
interests and health. The reform meant a great qualitative
change in the focus on food safety problems by the
European Commission. The procedures for ensuring
principles of excellence, independence and transparency
were renewed, at all levels. For example, although the
SCF, made up of 19 independent scientists, used a
majority system for decision-making, the minority opin-
ions were also guaranteed to be taken in every detail,
which means a guarantee of transparency. The opinions
(and also the minutes of the sessions) were made public
on the Internet (http://europa.eu.int/comm/food/fs/sc/scf/
index_en.html). In this way, all the individual, business
or sectorial interests have the same access to information,
which, in turn, makes it easier to manage problems in a
partitional way.

In 2002, the creation of the European Food Safety
Authority (EFSA) as an independent entity, with its
provisional headquarters in Brussels, represents the log-
ical solution of continuity of scientific committees and
fulfils the overall characteristics of an era (1996–2002),
which is decisive for food safety in Europe. The key
function of this Authority (http://europa.eu.int/comm/
food/fs/efa/index_en.html) is the expert analysis and sci-
entific evaluation of risks and to provide information or
communicate these to all sectors interested and the pub-
lic in general. The task of “risk management,” that is, the
process by which different alternatives (detected by ex-
pert analysis) are pondered and decisions are made to
correct problems (new legislation, controls, studies,
sanctions, etc.) remains in the hands of the state members
and of the European Commission.

Table 1 shows the distribution of the scientific eval-
uation tasks between the different panels overseen by the
EFSA. By means of comparison, we point out the main
groups in the SCF (1997–2002), which are being pro-
gressively absorbed by the EFSA, together with other
scientific committee functions in the area of animal
health and well-being, plants, veterinary and others. It is
worth pointing out that additional work groups, specific
scientific co-operation programmes between member states,
etc., will be formed in order to carry out specific tasks.

The Evaluation of the Safety of Functional
Foods

There is no specific European regulation for functional
foods. Depending on the type of food novelty that is

being introduced—whether or not it can be considered to
be functional—the evaluation of its safety will corre-
spond to one type of specific legislation or another. In
many cases it is quite possible that it will correspond to
the area covered by the legislation of the so-called Novel
Foods (see below), the regulations on nutritional supple-
ments, or those referring to foods for particular popula-
tion groups or purposes.

General issues of food security in Europe can be
found in the EC regulation No 178/2002, which includes
the creation of the EFSA. There is other European
legislation covering aspects of food safety (see http://
europa.eu.int/comm/food/fs/sfp/sfp_index_en.html), such as
that related to pollutants, microbiological risks, hygiene,
radiation, dietary foods, supplements and fortified foods,
additives and flavorings, waters, as well as questions
related to official controls and fast warning systems.

From the point of view of nutritional security, the
legislation does not require minimal nutritional values
for common foods; this is only required in the case of
nutritional allegations. Nevertheless, the European
Council has raised some important questions that it
considers are yet to be dealt with, such as the risk

Table 1. Distribution of the Scientific Evaluation
Tasks between the Different Panels of the
European Food Safety Authority, EFSA (2002–)*

Structure in scientific panels† of the scientific
evaluation in the EFSA:‡

• Panel of additives in human feeding, flavourings and
materials in contact with foods

• Panel of additives in animal feeding
• Panel health and vegetable protection, products and

waste products
• Panel of genetically modified organisms
• Panel of dietary products, nutrition and allergies
• Panel of biological hazards
• Panel of pollutants in the alimentary chain
• Panel of animal health and well-being
SCF main working groups:
• Additives
• Pollutants
• Flavorings
• Hygiene and microbiology
• Novel foods and processes (including transgenic

foods)
• Nutrition and dietary products
• Materials in contact with foods

*For comparison, the main working groups within the Scien-
tific Committee on Food, SCF (1997–2002) are listed.
†A scientific committee (made up of the coordinators of the
different panels)
‡The number and denomination of the different panels will be
subject to certain flexibility and modifications by the EC
depending on scientific and technical development
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involved in modifying feeding habits due to the negative
perception of those foods that do not carry associated
allegations of health, the rising risk of allergies and the
possible appearance of new illnesses related to feeding.

Specific Regulation on Novel Foods
Any novel food or food ingredient that has not been
significantly consumed in the EU before May 1997 must
be evaluated with respect to its safety according to
European legislation on novel foods (EC Regulation N°
258/97).1 This regulation covers a wide range of foods
and ingredients. It includes transgenic foods; foods and
ingredients that have a new molecular structure; those
derived from microorganisms, fungi and algae; those
from animals and plants that are reproduced from non-
traditional methods; and those obtained with new pro-
duction processes involving significant changes in the
composition or structure of the foods or ingredients that
affect their nutritional value, metabolism or levels of
non-desirable substances.

In short, this legislation establishes that in order for
a novel food to be accepted, it must fulfil three criteria:
(a) it must not be dangerous to the consumer, (b) it must
not be deceiving for the consumer, and (c) it must not
differ from the traditional food it could displace if it is
not advantageous to the consumer.

All in all, for the evaluation of these novel foods, it
is necessary to have complete, extremely rigorous infor-
mation, often structured in 13 sections (Table 2), depend-
ing on the specific characteristics of the food.

Novel foods or novel food ingredients can follow a
simplified procedure when they are considered by the
committees authorized by the EU member states to be
substantially equivalent to existing foods or ingredients
with respect to their composition, nutritional value, me-
tabolism, foreseeable habitual consumption, and levels
of undesirable substances.

Feeding Supplements and Others
An important work in relation to supplements is con-
cerned with establishing maximum tolerable levels for
the intake of vitamins and minerals, a project that is
currently under development in the EU. In contrast to the
minimum intake needs of these nutrients, established as
limits in order to avoid the appearance of alterations or
illnesses due to their lack, it is also necessary to know the
maximum tolerable levels of nutrients in order to be able
to adequately control the maximum quantities that can be
eaten, which is important in relation to supplemented
foods.

The Problem of Food Allegations or Claims
The fundamental principle defining food allegations or
claims is that they must be scientifically proven, must not
be ambiguous and must be clear to the consumer. Prob-

ably the most accepted definition of a food claim is that
given in 1991 by the Codex Alimentarius: “Any repre-
sentation that claims, suggests or implies that a food has
certain characteristics related to its origin, nutritional
properties, nature, production, processing, composition
or any other quality.” However, the term “health claim”
already has different definitions depending on the coun-
try. Hence, in the UK it is defined as “Any statement,
suggestion or implication in food labelling and advertis-
ing (including brand names and pictures) that a food is in

Table 2. Essential Information Required in the
Evaluation of Novel Foods*

In a general way, it can be established that all the
relevant scientific information available must be
taken into account and in particular, the following:
1. Specifications on the origin and composition of the

novel food, which ensure its identification.
2. Analysis of the effects that can be produced by the

processes the novel food has been submitted to.
3. Information as to the uses and characteristics of

the organisms (and their products) used as a
source to produce the novel foods.

4. Analysis of the effects of the modification
introduced on the properties of the receiving
organism or host. Consideration of the intentional
effects and the non-intentional ones.

5. Analysis of the possible nutritional, toxicological
or microbiological impacts.

6. Study of the stability of the modification
introduced.

7. Specifications as to the expression, when
applicable, of the modified genetic material; for
instance, tissues in which it is expressed and the
conditions regulating such expression.

8. Where appropriate, study of the possibilities of
transference of the new genetic material, in
particular in the gastro-intestinal tract and the
microorganisms in its flora. Where appropriate,
analysis of the survival mechanisms of the
genetically modified organism, during its passage
through the intestine, and the possibilities of
colonising the human intestine.

9. Evaluation of the impact of the introduction of the
novel food on the consumption patterns and habits
in the population. Possible changes in diet.

10. Nutritional analysis: composition and foreseeable
impact in the population’s diet.

11. Study of the allergenic potential and effects in
sensitive populations.

12. Microbiological and toxicological information.
13. Any information as to the effects of total or partial

exposure of human populations to the novel food.

*Depending on each case, additional scientific information may
be required.
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some way beneficial to health, and lying in the spectrum
between, but not including, nutrient claims and medical
claims.” The American definition of a health claim refers
to any statement “That expressly or by implication char-
acterizes the relationship of any substance to a disease or
health-related condition.” Thus, a claim related to a
disease would be regarded in the USA as a health claim
whereas in the UK would be considered as a medical
claim.

In Japan, the research into functional foods began at
the beginning of the 1980s, and the first specific pro-
grams were put into practice in 1986. In 1991, the
concept of Foods for Specified Health Use (FOSHU),
those foods whose specific effect on health can be con-
sidered an added value, was introduced. Dutch authori-
ties have more recently suggested a similar term: “Spe-
cific Health Promoting Foods.”

It is evident that the evolution and development of
functional foods must be accompanied by the application
of suitable controls and follow-up. In Europe there is no
yet a concerted legislation available, but recently (July
16, 2003) the European Commission adopted a proposal
on Regulation of health and nutrition claims (http://
www.foodlaw.rdg.ac.uk/news/eu-03061.htm, Commis-
sion Press Release IP/03/1022), which is estimated to
enter in force about late-2005, after its consideration by
the European Parliament and by the European Council.
The proposal covers nutrition claims (e.g., foods “rich in
vitamin C” or “low in fat”) and health claims (i.e., claims
of a positive relationship between a specific food and
improved health). Disease-related messages, which were
until now totally prohibited by EU legislation, will be
allowed if they can be scientifically substantiated and
authorised at EU level. The legislation is to guarantee
that the claims are used to promote public health and will
protect the consumer against information that could be
false or erroneous.

Bases for the Development of Functional
Foods for Obesity

Obesity can develop as a consequence of genetic or
acquired changes in different types of biochemical pro-
cesses that bring about an increase in energy intake,
which over time exceeds energy expenditure. There is no
doubt that the genetic component must be taken into
account. In rodents, various types of genetic obesity are
known resulting from the mutation of individual genes.
Many of these mutations (ob, db, fa, Ay, fat, tub) have
been cloned in recent years, and it has been possible to
identify the gene products affected. This knowledge, and
in particular the discovery of leptin (the protein affected
by the ob mutation), has been critical to our understand-
ing of the body weight control system. However, only a
few cases of severe obesity in humans are due to changes

in these genes.2 In general, human obesity appears to be
a polygenic disorder, i.e. there are several genes involved
in determining the individual predisposition to obesity.

The alarming rise in obesity in developed societies
cannot be attributed to the result of sudden genome
changes, although it is true that the detail of the factors
responsible for this is not known, except that they are
associated to new lifestyles, and in particular, to new
ways of feeding.

The development of functional foods for obesity
must be based on the knowledge of the basic processes
constituting the body weight control system and how
food components and feeding patterns affect them. We
have grouped these processes in two main categories3,4:
(a) feeding control and (b) energy efficiency control.

Feeding Control
The processes in charge of feeding control determine the
sensations of satiety and hunger, both with respect to
quantity, appetite or meal frequency, and with respect to
the preference for certain foods.5 These processes in turn
depend on internal signals and on external or environ-
mental factors, including social habits—many of which
are as yet unknown.

An important signal in the chronic control of food
intake is leptin, which works as a long-term indicator of
the quantity of fat stores. The discovery of leptin,6 in
December 1994, was a milestone in our understanding of
the system controlling the energy-metabolism homeosta-
sis of mammals. Leptin (from the Greek leptos, which
means thin) is a protein hormone produced primarily by
adipose tissue, the lack of which induces massive obe-
sity, with numerous associated medical complications.
Although very few cases of human obesity are the result
of leptin deficiency, the discovery of this hormone
opened up a new molecular perspective in the study of
obesity, and made it possible to establish a scheme based
on specific molecular elements (genes, proteins, bio-
chemical processes), of the system regulating energy
balance (Figure 1). In this system, leptin is the primary
signal through which the hypothalamus feels the nutri-
tional state of the organism and consequently modulates
food intake and energy balance.3

The initial view of leptin as an antiobesity hormone
has changed towards a more complex role. Leptin has
both central and peripheral actions and it is involved in
the control of many fundamental functions: energy bal-
ance, immunity, neuroendocrine functions, and repro-
duction and development, including the growth of osteo-
blasts.7–12 Nowadays, the tendency is to consider that the
primary function of leptin is in the adaptation to fast-
ing.13 The circulating levels of leptin decrease physio-
logically more markedly and faster during fasting than
do the fat reserves, which permits the activation of
compensatory responses (increase in appetite and reduc-
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tion of energy expenditure) before the energy reserves of
the animal are substantially depleted.

Besides long-term signals, such as leptin, a series of
gastrointestinal peptides that signal satiety on a short-
term basis have also been identified,3,5,14 including cho-
lecystokinin (CCK); glucagon-like peptide 1 (GLP-1);
peptides related to bombesin, such as neuromedin B and
the gastrin-releasing peptide (GRP); and peptide YY3-36

(PYY3-36).
Adiposity signals may work, in part, by modulating

the effectiveness of satiety signals.5,15 The anatomic site
where both types of signals seem to integrate is the
nucleus of the solitary tract, a center of the posterior
brain where both leptin-sensitive central circuits and
vagal sympathetic afferent fibres (conductors of satiety
signals) converge.

In both rat stomach16 and human stomach17 the
production of significant levels of leptin has been de-
scribed. An ultrastructural immunocytochemical analysis
has revealed the presence of leptin in the granules of the
main cells (pepsinogen producing exocrine cells) and in
a specific type of endocrine cell, which suggests both
endocrine (perhaps intervening in the control of satiety)
and exocrine (probably affecting nutrient absorption)
pathways for gastric leptin. Thus, leptin may represent a
link between acute and chronic systems of feeding con-
trol (Figure 2).

The production of leptin is not deficient in the
immense majority of obese humans, and cases of leptin
receptor deficiency are also very rare. On the contrary,
leptin circulating levels are usually higher in obese than
in lean humans,18 suggesting that obesity correlates with
a resistance to the action of endogenous leptin at a
post-receptor level. As a result, studies have been de-

signed to investigate the processes taking place in the
central nervous system (CNS) posterior to the interaction
of leptin with its hypothalamic receptor. Multiple orexi-
genic (food intake stimulating) and anorexigenic (food
intake inhibiting) neuropeptides have been described
(Table 3), and it is known that the function of many of
these neuropeptides is modulated by leptin, which acti-
vates anorexigenic circuits and inhibits orexigenic cir-
cuits (Figure 3).3,5

Functional Effects of Foods in the Control of
Appetite

The substitution of certain macronutrients in the diet can
be considered an objective in possible functional foods;
for instance, sugar for less caloric substances with high
sweetening power, or fat for substitutes, such as certain
types of fiber or fat replacers that are not hydrolyzed by
digestive lipases and have organoleptic properties similar
to fats. The goal is to offer the consumer the opportunity
to reduce the intake of sugar (4 kcal/g) and/or fat (9
kcal/g) and thus reduce energy intake to obtain a reduc-
tion or stabilization of body weight in the long term.19

However, the long-term effectiveness of these strategies
remains unclear, since compensation may develop; in-
deed there are results suggesting that a self-imposed
reduction in caloric intake affects the satiating capacity
of food.20

Energy density and the nutrient composition of
foods both play an important role in determining satiety,
and hence the frequency and size of eating episodes.
Carbohydrate, fat and protein differ in their mechanisms
of inducing satiety. In this sense, it is considered that
meals rich in fat are more tempting but less satiating than
those rich in carbohydrates. Thus, as compared with
carbohydrate-rich breakfasts, fat-rich breakfasts are fol-
lowed by a higher intake of food during the morning,21

whereas carbohydrate-rich breakfasts can led to reduced
appetite at lunchtime.20,22

The induction of satiety signals from the lipid com-
ponent of foods must depend on the particular fatty acid
composition. In this respect, it has been noted that
triglycerides rich in medium chain fatty acids23 and
polyunsaturated fatty acids24 have a relatively high sati-
ety power. It is also worth pointing out data indicating
that if the fat eaten resists digestion and reaches the
intestine more or less intact, it can be very effective in
stimulating satiety, in part by the slowing of gastric
emptying it elicits.25 This is the basis of a new food
ingredient (Olibra), a 95:5 mixture of fractionated palm
oil and fractionated oat oil, which can be incorporated in
yoghurt in the form of emulsion. Short-term studies
indicate a strong inhibitory effect of Olibra on appetite,
which, after its ingestion, lasts throughout the day.26

Protein-rich foods are known to exercise a strong

Figure 1. A schematic model of the leptin-signaling pathway in
the regulation of energy balance.
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down regulation of appetite; however, no noteworthy
differences have been found on comparing different
types of protein (egg albumin, soy, peas, wheat gluten,
gelatine).27 The satiating effects of proteins may take
place by means of different mechanisms, including fo-
menting the release of CCK and other gastrointestinal
satiety peptides.28 In addition to intact protein,29,30 spe-
cific amino acids (Trp, Phe, and Tyr appear to be the
most effective)31 and peptides, such as the Phe-Asp
dipeptide,32–34 have all been shown to increase satiety.

In summary, many opportunities exist for targeted
manipulations of proteins, fats and carbohydrates in the
development of functional foods for appetite control, and
numerous data are accumulating. However, the long-
term effectiveness of these strategies remains unclear.
The knowledge of the specific genes and biomolecules
involved in feeding control (see above) will make it
possible to set more adequate markers to clarify the
practicality of the development of specific functional
foods.

Thermogenic Foods to Combat Obesity?

The amount of body weight gained per energy eaten has
a substantial inherited component according to Bou-
chard’s studies in humans,35 and depends on several
factors. An obvious factor is physical activity. On repet-
itive occasions, the contribution of the lack of voluntary
muscular activity to the development of obesity has been
stressed. In fact, the prevalence of infantile obesity
seems to increase in proportion to the time spent by
children in front of the television and publicity messages
promoting snacking.36 Besides voluntary physical activ-
ity, unconscious physical activity (spontaneous muscular
contractions, maintaining the posture and muscular tone,
etc.) can be an important component in energy balance.
In a study with human volunteers, the activation of this
component of expenditure turned out to be the main
determinant in the relative resistance to the accumulation
of fat with overfeeding.37

Another determinant of energy efficiency is adaptive

Table 3. Orexigenic and Anorexigenic Peptides
Orexigenic Anorexigenic

NPY, AGRP, MCH, Galanin, Orexins, Peptide YY,
Ghrelin, Endocannabinoids

CART, �MSH, CRH, TRH, Serotonin, Urocortin, GLP-1 and
GLP-2, CCK, Bombesin

NPY � neuropeptide Y, AGRP � agouti-related peptide, MCH � melanin-concentrating hormona, CART � cocaine- and
amphetamine-regulated transcript, �MSH � � melanocyte-stimulating hormona, CRH � corticotropin-releasing hormona, TRH �
thyrotropin-releasing hormona, GLP � glucagon-like peptide, CCK � cholecystokinin.

Figure 2. Model of acute and chronic feeding control. Leptin produced by fat stores participates in the chronic feeding control, while
acute control is mainly based on gastrointestinal satiety peptides such as cholecystokinin (CCK). Leptin released from stomach in
response to food intake and to satiety signals such as CCK may represent a link between acute and chronic control systems. Adapted
from reference 3.
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thermogenesis, a set of mechanisms that make it possible
to dissipate, in a regulated manner, part of the energy
from foods as heat instead of accumulating it as fat.38

The best-known mechanism of adaptive thermogenesis is
the one operating in brown adipose tissue (BAT). Its
molecular basis is the activity of the uncoupling protein
1 (UCP1), a protein of the inner mitochondrial mem-
brane that is expressed specifically and abundantly in
brown adipocytes.38,39 In its active form, UCP1 trans-
ports protons towards the mitochondrial matrix, so it
dissipates the proton gradient generated by the activity of
the respiratory chain as heat and brings about the uncou-
pling of fuel oxidation and ATP generation (Figure 4).

Of note, adaptative thermogenesis is deficient in
most animal models of obesity (which are therefore more
efficient), and transgenic mice with a low BAT content
develop very marked obesity and have an increased
susceptibility to obesity when faced with a hypercaloric
diet.40 Thus, BAT thermogenesis appears to be an im-
portant determinant of energy balance in rodents, where
the tissue is abundant. However, BAT is extremely
scarce in adult humans.41 New potentially uncoupling
mitochondrial proteins were discovered in 1997,42 but
their possible contribution to energy expenditure or to
the pathogenesis of obesity in both rodents and humans
is still in doubt.

Adaptive thermogenesis is finely regulated. In addi-
tion to the well-known regulation exerted by the sympa-
thetic nervous system,43,44 evidence is accumulating as
to the effects of particular nutrients on the thermogenic
system, thus supporting our hypothesis on developing
thermogenic foods (i.e. foods enriched in thermogenic
active ingredients) to combat obesity. For instance, in
rodents, acute treatment with retinoic acid (the carboxy-
lic form of vitamin A) increases BAT thermogenic ca-
pacity; this correlates with a significant reduction of
body weight and adiposity.45–48 Moreover, in mice, a
deficient vitamin A status brings about a reduced ther-
mogenic potential and an impaired fatty acid metabo-
lism, with increased fat deposition.47,48 A stimulatory
effect of �-carotene (the primary vitamin A precursor)
and several other carotenoids on UCP1 expression has
also been described.49 Furthermore, certain fatty acids or
components of coconut50 and olive oil51 are UCP1 in-
ducers in rodent models. Knowledge of nutrients with
particular thermogenic properties could be useful in
designing diets to help control body weight.

Final Considerations

There are many processes that could be taken into ac-
count as determinants of the accumulation of fat or

Figure 3. Neuronal circuits modulated by leptin. In the ARC, leptin increases the production of the anorexigenic peptides �MSH
(from the precursor POMC) and CART, and inhibits the release of the orexigenic peptides NPY and AGRP. NPY action is dependent
on its binding to specific receptors (Y5 and Y1); �MSH action is dependent on its binding to receptors MC4, and is blocked by AGRP
binding to the same receptors. CART receptors have not yet been identified, but CART stimulates the production of CRH, of
anorexigenic action. AGRP � agouti-related peptide, CART � cocaine- and amphetamine-regulated transcript, CRH � cortico-
tropin-releasing hormone, MC4-R � melanocortin 4 receptor, �MSH � � melanocyte-stimulating hormone, NPY � neuropeptide
Y, POMC � pro-opiomelanocortin, Y1-R � NPY receptor 1, Y5-R � NPY receptor 5.
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energy balance in general. Besides energy intake and
expenditure, the regulation of cell growth and differen-
tiation giving rise to mature adipocytes (adipogenesis)
and the distribution of nutrients among tissues (energy
partitioning, Figure 5) could also be considered. Both
processes are extremely interrelated,3,4 but are beyond
the scope of the present review since they are far from
representing the basis for the development of functional
foods for obesity; however, they could serve as a basis

for developments in relation to the medical complica-
tions associated.

We have described only a few of the elements of the
network of metabolic interrelationships constituting the
energy balance, and thus the body weight, control sys-
tem. More than 200 genes and other markers associated
or linked with human obesity phenotypes have already
been identified.2 Tables 4 and 5 identify the main genes
whose alteration can cause obesity are listed.

Figure 5. The importance of nutrient partitioning in the development of obesity. Channelling of the excess fat to skeletal muscle (and
other high energy-expending tissues, such as BAT) for oxidation limits the possibilities of fat accumulation in white adipose tissue.
FA � fatty acids, CM � chylomicrons, KB � ketone bodies, LPL � lipoprotein lipase, TG � triacylglycerols.

Figure 4. Functioning of the UCP1 uncoupling protein. The protons released during nutrient oxidation are pumped out of the
mitochondrion by the respiratory chain. The re-entry of the protons to the interior of the mitochondrion through ATP synthase enables
the synthesis of ATP (in non-uncoupled mitochondria); their re-entry through UCP1 (in uncoupled mitochondria) leads to a release
of energy as heat. Adapted from reference 39.
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Knowledge of the “obesity genes” is paving the way
for new methods for both pharmacologic and nutritional
control of obesity.52–54 Three main strategies can be
outlined:
1. Inhibition of food intake, by blocking or suppressing

orexigenic signals or enhancing anorexigenic sig-
nals;

2. Stimulation of energy expenditure (thermogenesis)
by enhancing the expression and activity of uncou-
pling proteins

Table 4. Genes Involved in Feeding Control and the Phenotypic Consequences of Their Natural or
Experimental Alteration

Gene Function of the Gene Product Type of Mutation Phenotype

Lep Anorexigenic signal (leptin) Natural �/� (ob/ob mice) Obesity, sterility
LepR Leptin receptor Natural �/� (db/db mice,

fa/fa rats)
Obesity, sterility

MC4-R Anorexigenic signal (�-MSH)
receptor

Knockout �/� Obesity

POMC Precursor of �-MSH Knockout �/� Obesity
CRH Anorexigenic signal Knockout �/� Normal*
CRH-R1 CRH receptor Knockout �/� Normal*
IR Anorexigenic signal (insulin)

receptor
Knockout �/� in neurons Obesity, sterility

IRS-2 Component of the insulin
transduction cascade

Knockout �/� Obesity, sterility

Tub Component of the insulin
transduction cascade?

Natural �/� (tubby mice) Obesity, retinopathies

PTP-1B Dephosphorylation of IR Knockout �/� Obesity resistance
NPY Orexigenic signal Knockout �/� Normal*

Knockout �/� in ob/ob mice Reduction of obesity
Y1-R NPY receptor Knockout �/� Moderate obesity*
Y5-R NPY receptor Knockout �/� Moderate obesity*
Agouti Antagonises binding of �-MSH

to MC1-R and MC4-R
Ectopic expression in the brain due

to natural mutation of the
promoter (obese yellow mice)

Obesity

AGRP Endogen hypothalamic
antagonist of MC4-R

Transgenic overexpression Obesity

Atractin Enhances the effects of AGRP Natural �/� (mahogany mice) Obesity resistance
MCH Orexigenic signal Knockout �/� Slimness
M3-R Acetylcholine receptor,

required for regulated
production of MCH

Knockout �/� Slimness

Orexins Orexigenic signals Knockout �/� Normal*, narcolepsy
CB1-R Receptor of orexigenic signal

(endocannabinoids)
Knockout �/� Normal*, but impaired

hyperphagic response
to starvation

CCK-AR Satiety signal receptor Knockout �/� Normal
Natural �/� (OLEFT rats) Obesity

NMB-R Satiety signal receptor Knockout �/� Normal
GRP-R Satiety signal receptor Knockout �/� Normal
GLP-1R Satiety signal receptor Knockout �/� Normal
BRS-3 Satiety signal receptor? Knockout �/� Obesity
5HT-R 2c Anorexigenic signal (serotonin)

receptor
Knockout �/� Obesity, epilepsy

The genes have been identified by positional cloning of naturally occurring mutations or by artificially producing pre-selected genetic
changes in rodents.
*Phenotypes that apparently conflict with the established function of the gene product. Normal in phenotype refers to a body weight
and fat content equivalent to those of control animals, not excluding the possibility of other phenotypic changes. Adapted from
reference 3.
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3. Blocking nutrient absorption.
Functional foods designed according to these strat-

egies must contribute to dealing with the obesity problem
without compromising other functional aspects that are
essential to health. The first difficulty is that we are still
ignorant of many aspects concerning food components,
their effects and interactions and, therefore, their possi-
ble functional aspects; much more is known about the
elements making up the system of body weight control.
From the interconnection between both areas, we can
expect in the future to have more precise guidelines for
more adequate feeding, which will help fight the problem
of obesity.
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