


Local Mediterranean Food Plants and Nutraceuticals



Forum of Nutrition
Vol. 59

Series Editor

Ibrahim Elmadfa Vienna



Local Mediterranean
Food Plants and
Nutraceuticals

Basel · Freiburg · Paris · London · New York ·

Bangalore · Bangkok · Singapore · Tokyo · Sydney

Volume Editors

Michael Heinrich London

Walter E. Müller Frankfurt

Claudio Galli Milan

24 figures and 23 tables, 2006



Michael Heinrich
Centre for Pharmacognosy and Phytotherapy

The School of Pharmacy

University of London

London, UK WC1N 1AX

Bibliographic Indices. This publication is listed in bibliographic services, including Current Contents® and

Index Medicus.

Disclaimer. The statements, options and data contained in this publication are solely those of the individ-

ual authors and contributors and not of the publisher and the editor(s). The appearance of advertisements in the

book is not a warranty, endorsement, or approval of the products or services advertised or of their effectiveness,

quality or safety. The publisher and the editor(s) disclaim responsibility for any injury to persons or property

resulting from any ideas, methods, instructions or products referred to in the content or advertisements.

Drug Dosage. The authors and the publisher have exerted every effort to ensure that drug selection and

dosage set forth in this text are in accord with current recommendations and practice at the time of publication.

However, in view of ongoing research, changes in government regulations, and the constant flow of information

relating to drug therapy and drug reactions, the reader is urged to check the package insert for each drug for 

any change in indications and dosage and for added warnings and precautions. This is particularly important when

the recommended agent is a new and/or infrequently employed drug.

All rights reserved. No part of this publication may be translated into other languages, reproduced or

utilized in any form or by any means electronic or mechanical, including photocopying, recording, microcopying,

or by any information storage and retrieval system, without permission in writing from the publisher.

© Copyright 2006 by S. Karger AG, P.O. Box, CH–4009 Basel (Switzerland) 

www.karger.com

Printed in Switzerland on acid-free paper by Reinhardt Druck, Basel

ISSN 1660–0347

ISBN-10: 3–8055–8124–6

ISBN-13: 978–3–8055–8124–0

Library of Congress Cataloging-in-Publication Data

Local Mediterranean food plants and nutraceuticals / volume editors, Michael

Heinrich, Walter E. Müller, Claudio Galli.

p. ; cm. –  (Forum of nutrition, ISSN 1660-0347 ; v. 59)

Includes bibliographical references and index.

ISBN-13: 978–3–8055–8124–0 (hardcover : alk. paper)

ISBN-10: 3–8055–8124–6 (hardcover : alk. paper)

1. Wild plants, Edible–Mediterranean Region. 2. Vegetables in human

nutrition–Mediterranean Region. 3. Diet therapy–Mediterranean Region. 4.

Ethnobotany–Mediterranean Region. I. Heinrich, Michael, 1957 July 4- II.

Müller, Walter E. (Walter Erhard), 1947- III. Galli, Claudio. IV. Series.

[DNLM: 1. Nutritive Value–Mediterranean Region. 2. Plants,

Edible–Mediterranean Region. 3. Diet Therapy–Mediterranean Region. 4.

Diet, Mediterranean–Mediterranean Region. 5.

Ethnobotany–methods–Mediterranean Region.  W1 BI422 v.59 2006 / WB 430

L811 2006]

QP144.V44L63 2006

581.6�32–dc22

2006017134



V

Contents

VII General Introduction

Ethnobotany

1 ‘Local Food-Nutraceuticals’: Bridging the Gap between Local 
Knowledge and Global Needs
Heinrich, M.; Nebel, S.; Leonti, M. (London); Rivera, D. (Murcia);

Obón, C. (Alicante)

18 Gathered Mediterranean Food Plants – Ethnobotanical 
Investigations and Historical Development
Rivera, D. (Murcia); Obón, C. (Alicante); Heinrich, M. (London); Inocencio, C.;

Verde, A.; Fajardo, J. (Murcia)

75 Disseminating Knowledge about ‘Local Food Plants’ and 
‘Local Plant Foods’
Rivera, D. (Murcia); Heinrich, M. (London); Obón, C. (Alicante); 

Inocencio, C. (Murcia); Nebel, S. (London); Verde, A.; Fajardo, J. (Murcia)

Biological Activities of  ‘Local Foods’

86 Plant Foods and Brain Aging: A Critical Appraisal
Schaffer, S.; Eckert, G.P.; Schmitt-Schillig, S.; Müller, W.E. (Frankfurt)



116 Local Food and Cardioprotection: The Role of Phytochemicals
Visioli, F.; Bogani, P.; Grande, S. (Milan); Detopoulou, V.; 

Manios, Y. (Athens); Galli, C. (Milan)

130 A Vegetable to Meat Consumption Ratio as a Relevant Factor
Determining Cancer Preventive Diet.
The Mediterranean versus Other European Countries
Kapiszewska, M. (Krakow)

154 Mediterranean Diet as a Nutrition Education and Dietary Guide:
Misconceptions and the Neglected Role of Locally Consumed 
Foods and Wild Green Plants
Manios, Y.; Detopoulou, V. (Athens); Visioli, F.; Galli, C. (Milan)

171 Development of Bioactive Substances for Functional 
Foods – Scientific and Other Aspects 
Weber, P.; Flühmann, B.; Eggersdorfer, M. (Basel)

182 Author Index

183 Subject Index

Contents VI



General Introduction

Over the millennia, human nutrition has developed from a hunter-gatherer

one to one based on agriculture. The former obviously dictated the formation of

small migrating communities, whose diet consisted predominantly of products

from wild animals and wild plants, while the development of agriculture made

larger communities possible, and allowed a diet based mainly on products from

plants cultivated on a relatively large scale, and on the limited consumption of

meat from flocks and herds.

Today, we depend on a tiny number of domesticated species and this is due

to plant and animal domestication which is regarded to be the most important

cultural development in the past 13,000 years of human history [1]. In many

rural regions, especially of Southern and Central/Eastern Europe, non-cultivated

food plants are still gathered or grown on a small scale and consumed as healthy

‘snacks’, salads, vegetables or are produced on a small scale giving rise to local

varieties or cultivars. Such food has been called ‘local food’ [2].

In general terms, wild varieties tend to be richer in micronutrients and bio-

active secondary metabolites than the corresponding cultivated ones. Such sec-

ondary plant metabolites are produced in adaptation to local environmental

conditions, which in the Mediterranean area are often pro-oxidative. This would

require adaptive responses by producing ‘protective’, bioactive compounds. It is

of interest, in this respect, that polyphenolic molecules are produced in response

to stress, and these compounds have been shown to activate a group of compo-

nents, the sirtuin family of deacetylases, that had arisen in primordial eukaryotes,

possibly to help them to cope with adverse conditions [3]. Sirtuins are found in

plants, yeast and animals where they appear to be involved in slowing down the
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General Introduction VIII

aging process, implying an underlying conserved mechanism. The transfer of

compounds produced in response to stress signaling molecules from one species

to another in their environment is the basis of the ‘xenohormesis hypothesis’ [3].

In this way, organisms can prepare in advance for a deteriorating environment.

Whatever the conceptual basis of the above hypothesis, it is very relevant

for human health that the intake of minor compounds produced by plants in

response to stress results in the transfer of the protective effects to our organism.

Therefore, research in this area provides clues for improving our understanding

of the mechanisms that induce the production of bioactive molecules in plants

and in setting up strategies for the exploitation of their potential applications to

optimized human nutrition.

Consequently, ‘local foods’ represent a type of mutual interactions

between the availability of locally growing, edible plants, on one side, and the

nutritional requirements and needs of populations living in those areas. The per-

sistence of few of these ‘spots’ up to modern times provides the opportunity for

investigating, with updated experimental approaches, the features of these

plants, the nature of their nutrients and their potential role in health promotion.

Ethnobotany

Core to the project, which is summarized in this volume, is the ethno-

botanical study of local food plants in selected regions of the Mediterranean.

Ethnobotany investigates the relationship between humans and plants in all its

complexity, and is generally based on a detailed observation and study of the

use a society makes of plants, including all the beliefs and cultural practices

associated with this use. Ethnobotanists live with the members of a community,

share their everyday life and, of course, respect the cultures which host them.

Ethnobotanists have a responsibility both to the scientific community as well as

to the indigenous cultures. Ethnobotanists use a complex set of methods derived

from the social and cultural sciences including the taking of detailed field notes

and collect carefully documented plant samples (voucher specimens) that allow

for precise determination of the plant species. Ethnobotanical studies have a

multitude of theoretical and applied interests and in fact only very few are in

any way directly linked with projects in the area of discovering novel food or

pharmaceutical products. While many researchers in the natural sciences and

the general public often see such ethnobotanical information as a source of

inspiration for ‘us’, the continued knowledge about and use of these resources

in the regions of origin will require not only their recognition as local knowl-

edge or traditional ecological knowledge, but also their study and development

from a multidisciplinary perspective. Clearly, this is only possible if the



‘traditional keepers’ of this knowledge have a say in its future use and benefit

from such research and development.

Specifically, in this project the focus is on local Mediterranean food plants,

a topic which despite the diversity of traditional food knowledge around the

Mediterranean has until recently received relatively little attention in the scien-

tific literature: wild gathered fruits and vegetables [cf. 1, 4–6].

Core to our approach is an emphasis on two closely linked but conceptu-

ally and methodologically distinct goals: On the one hand the ethnobotanical

studies for the basis of developing leads for new nutraceuticals by characteriz-

ing plant extracts derived from plant species with potential health beneficial

effects traditionally used in rural communities of Southern Italy, Greece (Crete)

and Southern Spain (see especially chapters 4–7). As importantly, the project

gives new value to local food products which have been used for many genera-

tions and which now are on the brink of becoming forgotten and seeks methods

to assure the preservation of this knowledge for future generations by highlight-

ing the local relevance of these resources (see especially chapter 3), by dissemi-

nating the information on a local level in the national languages [e.g. 4, 5]. Next,

biological-pharmacological effects of selected plants were studied (see below).

Local Plant Foods and the Cardiovascular System

The first biological system that is encountered by food components in

entering our body, after leaving the gastrointestinal tract, is the cardiovascular

(CV) system. Throughout the whole life period, macro- and micronutrients and

a variety of other compounds, most of them still largely undefined, are ingested,

and maximal concentrations are reached in the post-prandial phase, a time

period that is progressively attracting greater attention in research on the impact

of nutrition on the CV system [7] and health in general. After digestion, absorp-

tion, possible metabolism and transport, nutrients also interact via the CV sys-

tem with peripheral tissues. Of special relevance, with reference to the direct

effects on CV health, are those exerted by compounds present in local food

plants, and have been shown to act as modulators of vascular functions. Among

them, flavonoids, comprising mainly quercetin and kaempferol, and a variety of

phenolic compounds are able to exert risk-lowering effects on mortality from

coronary heart disease [8].

A long-standing presence in the Mediterranean dietary habits is also cov-

ered by special foods or components of the diet such as olives and olive oil, and

wine. Olive oil has been used throughout the millennia by numerous civiliza-

tions and presumably before the start of agriculture. To the peoples of the

Mediterranean this oil has been more than a mere food: it has medicinal and
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magical uses and is an endless source of fascination and wonder. The phenolic

components of olive oil have been shown to exert a variety of effects on modu-

lators of the vascular system, both in vitro as well as in animal models and

humans [9, 10]. Wine has also been a constant component of the diet in coun-

tries in the Mediterranean basin, as the millennial history of its use in ancient

civilizations such as those in Greece, Israel and Rome shows. Wine, especially

red wine, has been shown to contain microcomponents of phenolic nature that

are potent antioxidants and exert protective actions on vessel walls, so that

moderate consumption of this beverage appears to be a healthy habit.

Cellular constituents of vessel walls, from the endothelium to cells of the

muscular layer and those that penetrate into the wall from blood, modulate vas-

cular functions through the production of a variety of ‘functional’ modulators.

These include on one side promoters of vasodilation (e.g. nitric oxide and

prostacyclin), as well as those that are involved in ‘inflammatory’ responses,

e.g. the cytokines and various types of proinflammatory molecules. In addition,

the formation of oxidative derivatives of circulating macromolecules, such as

oxidized lipoproteins, oxidative alterations of cellular DNA, contribute to the

onset and progression of chronic pathologies in the CV system, such as the ath-

erosclerotic disease. Such processes were shown in the studies described in this

volume, devoted to the effects on the CV system, to be favorably affected by the

phenolic components extracted from the plants under investigation.

Mediterranean Diet(s): Food for Thought?

Neurodegenerative events, due to neuronal loss or malfunction, include

both normal brain aging and severe maladies such as Alzheimer’s disease. Cell

death within the brain, especially of neurons, is particularly troublesome as

their new formation only proceeds at marginal levels. Recently, research

advances in the understanding of the effect of fruits and vegetables rich in sec-

ondary plant metabolites – which for a long time have been considered as anti-

nutrients – on animal and human physiology (especially of the brain), is gaining

momentum [11].

Among all cellular tissues, the brain most tightly controls the access of

organic and inorganic molecules, including dietary constituents and their

metabolites, in order to minimize the impact of potentially hazardous mole-

cules. Polyphenolic molecules, which have been shown to enter the brain in

small amounts, are of particular interest, as they boost cellular resistance to

deleterious oxidative stress due to a pleiotropic interplay with direct and indi-

rect antioxidant mechanisms. Whereas the latter effects become evident by

changes in the amplitude of biomarkers, for example, lipid peroxidations,
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numerous animal studies mirror the beneficial impact of plant foods and their

constituents on brain function by means of improved performance in behavioral

tests. Last but not least, large long-term epidemiological studies indicate that

people greatly benefit in terms of reduced risk for the onset of severe neurode-

generation, by consuming a Mediterranean-style diet rich in fruits and vegeta-

bles [12].

These data, together with those obtained in studies on other biological sys-

tems [13], provide the background for applications to the development of nutri-

tional strategies for health promotion and are an essential element of the overall

approach presented in this volume. While over the last decades some informa-

tion on such major food components has been gathered, prior to this project

practically nothing had been known about local food.

This volume is the outcome of a European Union funded project on local

components of the various variants of Mediterranean diets and will hopefully

stimulate further ethnobotanical, pharmacological and nutritional studies in this

emerging field [13]. We gratefully acknowledge the support of all partners of

the consortium ‘Local Food-Nutraceuticals’ and, of course, the funding pro-

vided by the European Union (KA1 ‘Food, Nutrition and Health’, FP5, QLRT-

2001-00173; 2002–2004).

Michael Heinrich, London

Walter E. Müller, Frankfurt

Claudio Galli, Milan

May 2006
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‘Local Food-Nutraceuticals’:
Bridging the Gap between Local
Knowledge and Global Needs

Michael Heinricha, Sabine Nebela, Marco Leontia, Diego Riverab,
Concepción Obónc

aCentre for Pharmacognosy and Phytotherapy, The School of Pharmacy, University

of London, London, UK; bDepartamento de Biología Vegetal, Facultad de Biología,

Universidad de Murcia, Murcia, cDepartamento de Biología Aplicada, EPSO,

Universidad Miguel Hernández, Orihuela, Alicante, Spain

Abstract
Food use is changing very fast all over the world. This and other changes (e.g. reduced

physical activity, increased longevity) result in novel health risks for the populations in European

countries and beyond. Also, in recent decades the convenience food market has grown dramati-

cally and offers novel opportunities for small and large industries alike. Simultaneously, there is

a dramatic and irrevocable loss of the local knowledge which forms the basis of many cultural

traditions (traditional food knowledge – TFK). The Mediterranean region is well known for a

dietary tradition commonly called ‘Mediterranean diet(s)’, which is renowned for health bene-

fits based among others on widely consumed foods and beverages. While the focus of research

has mostly been on the more widely used elements of the Mediterranean diets (especially olive

oil and red wine), in this review the focus is on ‘local food’. These are ingredients, which are

gathered, grown or produced locally and prepared into dishes, which often represent local spe-

cialities. Such food is derived from animals, fungi and plants, but in this paper the main subject

is food of botanical origin. Particularly important among these local foods are vegetables and

salads derived from wild greens (gathered food plants – GFPs) and local cultivars of fruit trees

and shrubs. In this review we discuss the theoretical basis (including the concept of traditional

knowledge systems) and general approach of an EU-funded multidisciplinary ethnobotanical-

pharmacological project focusing on the use of such local resources in several regions of

the Mediterranean including the ethnobotanical documentation of food products of selected

communities in southern Italy, Spain, Greece (mostly Crete), the identification of extracts/pure

compounds (leads for new health food supplements) with potent activity on a series of in vitro

targets, especially ones relevant to assess for antioxidant activity, the more detailed in vivo study

of some lead extracts and lastly the dissemination of such TFK in local/national languages.

Copyright © 2006 S. Karger AG, Basel

Ethnobotany
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Introduction: The Changing Food Pattern

Food use is changing very fast on all continents. In industrialized countries

there is a dramatic rise in expenditure for convenience food (pre-prepared or

ready-made dishes) and at the same time nutraceuticals, functional foods and

other food products with some health claim are a rapidly growing segment of

the market. The latter is specifically in response to risk factors that impact on

the health of everyone. Specifically, a series of risks are highlighted in the

numerous studies focusing on diet and health, including:

• Overconsumption of energy (calories).

• High intake of glucose.

• Low intake of fruits and vegetables.

• Low intake of fiber.

• High intake of red meat.

• An imbalance in the ratio of �3:6 fatty acids.

Aside from dietary aspects, other problems, such as environmental factors

and lack of activity, have been implicated. This increases the risk of numerous

diseases including various forms of cancer [1], cardiovascular [e.g. 2] and

skeletomuscular diseases, but also numerous metabolic syndromes like dia-

betes. Taking diabetes as an example, it is now apparent that not only people in

many developed countries suffer from the various forms of diabetes and the ill-

nesses associated with it, but in the last decades the disease has also become a

serious health problem in indigenous and local communities all over the world,

including Mexico, the USA, Canada, Australia, but also in many regions of

Asia and Polynesia [3–8]. Clearly, there is a direct link between changes in

dietary traditions and the overall consumption of the various classes of foods on

the one hand and the increased prevalence of this syndrome on the other. According

to the World Health Organization [9], diabetes affects more than 176 million

people worldwide. The changes in diet are difficult to evaluate since in many

instances the ‘traditional’ or local forms of eating have disappeared and nor-

mally no quantitative data on food consumption in traditional societies is avail-

able. For many policymakers it seems such knowledge only becomes a topic of

research once it has disappeared and health and sociocultural problems develop.

This review offers a critical overview on one specific system of knowledge –

the Mediterranean region with a diverse and relatively well-known dietary tradi-

tion commonly called ‘Mediterranean diet’ [10] and specifically on local tradi-

tions which show a great degree of diversity. The nutritionist Ancel Keys found

that firemen in Naples and Madrid had a significantly lower blood cholesterol

level than Americans, and that this correlated with a lower percentage of certain

types of fat in their daily diets with a predominance of mono- and polyunsaturated

fatty acids (e.g. olive oil). Keys and collaborators [11, 12] also showed that
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major cultural differences exist in the distribution of risk characteristics and risk

behaviors, including diet, and in the geographic and time distribution of the

major causes of death. Keys demonstrated that traits, which previously had been

considered irrevocable and constitutional, such as body type, blood fat levels

(cholesterol), blood pressure, heart rate, and responses to stress, were, in fact,

largely modifiable by simple changes in the composition and quantity of diet and

physical activity and that ‘traditional Mediterranean diet’ helps to improve

health parameters. In the next chapter, the focus will be on a discussion of what

‘local knowledge’ and more specifically ‘local food knowledge’ is.

Local Food as an Element of Local Knowledge

Knowledge and bearers of knowledge stand at the center of knowledge sys-

tems, which can be defined as ‘the way people understand the world, and interpret

and apply meaning to their experiences’ [13]. Such knowledge is built through the

complex process of selecting, rejecting, creating, and transforming information,

and is inextricably linked to the social, environmental, economical and institutional

contexts in which it occurs [14]. Numerous terms have been used for it and in the

following we focus on two which are particularly relevant in the context of this vol-

ume: local knowledge and traditional (ecological) knowledge (TK or TEK).

The example chosen is the knowledge about food and how this knowledge

impacts on the utilization of botanical resources in some regions of the

Mediterranean. Even though the different social science disciplines have all

contributed to an understanding of the social aspects of food consumption,

hardly any discipline matches anthropology in contributing to our understand-

ing of food consumption, perhaps the most classical and cited example being

the culinary triangle of Lévi-Strauss [15].

Local traditions rely on information being passed on from one generation to

the next in one community or in a small region. Food may form a part of local

knowledge if its use is confined to a certain area for which it is a characteristic

cultural trait. Traditional food knowledge (TFK) as part of TK is strongly influ-

enced and determined by socioeconomic and cultural determinants, religion and

history. The concept of local knowledge has been essential in the field of anthro-

pology. Originally developed in the context of cultural anthropology in the USA,

it is now recognized as an important theoretical vision of how to interpret knowl-

edge systems, which often have not been recognized formally. Crucial have been

the contributions by Clifford Geertz [see 16]. His collection of essays ‘Local

Knowledge – Further Essays in Interpretative Anthropology’ clearly is a mile-

stone in the discussion about how people interact with each other and their envi-

ronment. C. Geertz is one of the co-founders of symbolic or interpretative
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anthropology, which developed in the late 1960s. Culture is – according to

Geertz – a complex system of symbols, which allows humans to give meaning to

the experiences they face and to communicate these experiences among each

other. This culture-specific system of symbols should be recorded as a ‘thick

description’, a term he had introduced into the field in 1973 (borrowing it from

the British philosopher G. Ryle). It is essential to understand these systems of

symbols and to properly describe them in detail. Thus a ‘thick description’ is one

based on the experience of a researcher who often comes from a foreign culture,

which simultaneously shows meaning systems which have not been visible to the

indigenous groups. The symbolic role of ‘local knowledge’ is essential to

Geertz’s thought and has had a strong impact on anthropological thought.

In first instance it is crucial to point out that ‘local knowledge’ is an all-

encompassing concept. As Geertz [16, p 167] has put it focusing on legal ques-

tions: ‘Like sailing, gardening, politics, and poetry, law and ethnography are

crafts of place: they work by the light of local knowledge’. Thus all aspects of

culture rely on a complex system of thought which in its totality forms local

knowledge. Therefore, local food knowledge or any other aspect of local knowl-

edge is just one part of this complex system, which has an important meaning to

the members of the culture. The challenge is to see ‘. . . the broad principles in

parochial facts. “Wisdom”, as an African proverb has it, “comes out of an ant

heap”. . .’ [16, p 167].

These concepts do provide a strong theoretical foundation for working

on the complex meaning systems of indigenous and ‘traditional’ societies.

However, they clearly lack a systematic and detailed discussion of applied
aspects of such knowledge systems. There is no input from applied researchers

or from anyone who is interested in preserving, disseminating or using this

information. Therefore, it is essential to highlight another stream of thought,

which does come specifically from such an angle – the concept of Traditional
Ecological Knowledge, which is also well known under its acronym TEK. This

has been defined as ‘a body of knowledge built up by a group of people through

generations of living in close contact with nature’ [17]. Another definition

describes TEK as a ‘cumulative body of knowledge, practice and belief evolving

by adaptive processes and handed down through generations by cultural trans-

mission, about the relationship of living beings (including humans) with one

another and with their environment’ [18]. Both definitions recognize that TEK

is an attribute of societies in general with historical continuity in resource use

practice. Interest in TEK has been growing in recent years, partly due to the

recognition that such knowledge can contribute to the conservation of biodiver-

sity [19], rare species, and to sustainable use in general [20].

It includes a system of classification, a set of empirical observations about

the local environment, a system of self-management that covers resource use.



Local Food-Nutraceuticals 5

The quantity and quality of TEK varies among community members, depend-

ing upon gender, age, social status, intellectual capability and profession (hunter,

spiritual leader, healer, etc.). With its roots firmly in the past, TEK is both

cumulative and dynamic, building upon the experience of earlier generations

and adapting to the new technological and socioeconomic changes of the pre-

sent [17]. Compared to Geertz’s emphasis, TEK highlights the applied role of

such knowledge system and is little interested in symbolic or other theoretical

aspects.

The concept is very popular with activists and applied researchers in all

fields, which involve the local and sustainable development of resources, the

critique of outside involvement in such developments and most notably the

implications of the Convention on Biological Diversity (CBD or Convention of

Rio de Janeiro, 1992) [21]. Despite its at first glance apparent limitations to

ecological knowledge it normally encompasses botanical, zoological, geologi-

cal, pharmaceutical and many other aspects of local knowledge. Many people

now recognize the enormous contribution that TEK systems have made and can

make in the future both to the conservation and the sustainable use of biological

diversity. Most indigenous and local communities live in regions where the vast

majority of the world’s plant genetic resources are found. Simultaneously these

activists and scholars argue for urgent action to safeguard such TEK and for a

broad view of how humans and the environment interact. Importantly, this dis-

cussion proceeded with a focus on non-European indigenous groups while far

less attention has been paid to the situation within Europe.

The origin of TEK are based on the knowledge that societies existed under

conditions of constant pressure on the resources upon which they depended,

and that a means had to be found to persuade communities and families to

economize with regard to their use of natural resources [22].

TEK is a constantly evolving way of thinking about the world. Although

views covered by TEK are described as ‘traditional’, this does not mean that they

do not change or that it would be desirable that they do not adapt to new needs.

Each generation makes their own observations, and compares their experiences

with what they have been taught [23]. The practice of TEK differs from that of

scientific ecological knowledge in that it is largely dependent on local social

mechanisms [18]. Social mechanisms often play a role in the integration of

ecological knowledge of different kinds. Mechanisms for the intergenerational

transmission of knowledge are embedded in social systems. Successful trans-

mission of agricultural skills and knowledge, for example, depends on the

amount of time families spend on the land because of apprenticeship-based

knowledge transmission, and the amount of time required for hands-on learning.

One of the important outcomes of the discussions on TEK systems has

been the broad recognition, that a new relationship between researchers and
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‘keepers of traditional knowledge’ is needed. Since it was agreed upon in 1992,

the CBD has been at the center of the discussions about equitable benefit

sharing between the ‘South’ and the ‘North’. Some activists group argue for a

complete ban on bio-prospecting or other research activities which have the

potential of resulting in new economically exploitable products, while others

argue for a novel relationship between keepers of TEK and (mostly ‘Western’)

researchers (see later section ‘Benefit Sharing’).

In this review we do not want to summarize this complex and fast-moving

discussion. However, the answers will depend on the region or country of origin

of such potential new products and especially with respect to Europe a renewed

interest in some aspects of TEK has resulted in local and regional economic

opportunities for (mostly rural) populations.

These are examples from a diversity of human activities as they relate to

human’s use of the environment. In the next section, we highlight this link

specifically as it relates to the use of local food in the Mediterranean basin.

Local Food – A Historical and Anthropological Perspective

Food is an example which exemplifies local knowledge or TEK. Plants,

fungi and animals that yield food are one of the most essential resources for all

humans and of course an everyday need. At the same time, in many regions food

is still produced or gathered in the immediate surroundings of the house or the

community. Food is a very basic need, but – unless people suffer from starvation –

also a pleasant experience. Food and dishes do always reflect a ‘vision of the

world’ and consequently peoples, ethnic groups and communities are proud of

their special dishes and the plants or breeds of animal they produce and use. Such

knowledge gives them a regional identity and of course is also the source of eth-

nic stereotypes. For example, the regular consumption of acorns as a source of

proteins and carbohydrates has given rise to a pejorative term used to refer to the

locals from the province of Badajoz in Spain (‘Belloteros’ � acorn eaters).

However, it is well beyond the scope of this short overview to discuss the concept

of ‘local food’ on a worldwide scale.

The Mediterranean TFK has sometimes been described as a diet mainly

composed of pasta (in southern Italy), olive oil, vegetables (leafy vegetables,

legumes and unprocessed cereals), fruits, red wine, seafoods and only few red

meats and was termed the ‘Mediterranean diet’. More precisely, Mediterranean

TFK should be referred to as ‘Mediterranean diets’ since the many different

cultures, religious beliefs, ecologic backgrounds and historic developments

around the Mediterranean basin resulted in many diets, which share a multitude

of elements, but also revolve around distinct local or regional traditions.
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From an anthropological point of view, food culture can be defined as a

culinary order whose traits are prevalent among a certain group of people [24].

The most basic distinction in the area of local nutrition is the categorization from

a social point of view of what is edible and what is not. However, other distinc-

tions such as criteria of (pleasant or unpleasant) taste, the relationship between

certain food items and certain sociocultural contexts (ways of consumption, tim-

ing of meals and eating situations), and the values attached to food also con-

tribute to the diversity of a food culture. The more specific term cuisine is often

used to denote special typical ingredients, combinations of ingredients and

preparation methods belonging to a certain ethnic group, region or country [25].

Clearly, local food plants have been an element of Mediterranean dietary

traditions from the beginning of human’s occupation of the region. This is beau-

tifully expressed and contextualized in Cervantes’ Don Quixote, written at the

beginning of the 17th century AD [26]. The meager diet of the knight – wild dry

fruits and meadow greens (thus gathered food plants – GFPs) – is presented as

a decadent prototype of the medieval chivalry and seen by his squire as not

substantial.

Chapter X: ‘Pardon me, your worship,’ said Sancho, ‘for, as I cannot read or write, as I

said just now, I neither know nor comprehend the rules of the profession of chivalry: hence-

forward I will stock the alforjas with every kind of dry fruit for your worship, as you are a

knight; and for myself, as I am not one, I will furnish them with poultry and other things

more substantial.’

‘I do not say, Sancho,’ replied Don Quixote, ‘that it is imperative on knights-errant not

to eat anything else but the fruits thou speakest of; only that their more usual diet must be

those, and certain herbs they found in the fields which they knew and I know too.’

Clearly, they were often seen as a diet, which offers few or no attractions.

Don Quixote himself found this diet so unpleasant that instead he preferred a

piece of bread.

Chapter XVIII: ‘In that case we have nothing to eat today,’ replied Don Quixote. ‘It

would be so,’ answered Sancho, ‘if there were none of the herbs your worship says you know

in these meadows, those with which knights-errant as unlucky as your worship are wont to

supply such-like shortcomings.’ ‘For all that,’ answered Don Quixote, ‘I would rather have

just now a quarter of bread, or a loaf and a couple of pilchards’ heads, than all the herbs

described by Dioscorides, even with Doctor Laguna’s notes.’

Even more so, very often they were and are seen as the diet of the poor,

the unrefined or ignorant. Don Quixote considered the regular consumption of

GFPs to be a sort of penitence or mortification.

Chapter XXV: ‘Let not that anxiety trouble thee,’ replied Don Quixote, ‘for even if I

had it I should not eat anything but the herbs and the fruits which this meadow and these trees

may yield me; the beauty of this business of mine lies in not eating, and in performing other

mortifications.’

In a way this is a classical example of contrasting concepts of the upper,

allegedly educated class (Don Quixote who behaves like a city-dweller or
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citoyen) and the lower, illiterate class (Sancho, who is a peasant). This conflict

between the class that derives products from the fields and the one that gets

it through trade is found in historical and modern examples. Moreover, this

reflects the false perception a city-dweller (Cervantes himself) had of the rural

life in a period of cosmopolitism and globalization when the Habsburg dynasty

ruled most of Europe. The above talks were supposed to be kept between two

‘manchegos’ (inhabitants of the province Castilla-La Mancha). Both are native

to a country where today over 60% of rural population knows and regularly

consumes GFPs or ‘meadow herbs’ like ‘collejas’ [Silene vulgaris (Moench)

Garcke] as substantial part of their diet [27, 28].

Of course and as exemplified in the above example, history shapes food

cultures [29]. Another core element is the availability: traditional cuisines are

obviously very dependent on the natural resources available in the area (see next

part ‘Gathered Food Plants and the Local Mediterranean Food’). Due to the

importance of local geographical conditions for the availability of food items,

regional patterns have traditionally been particularly relevant for food products.

Such regional patterns persist today even if modern distribution systems have

liberated local eating patterns from the constraints of climate. This is also exem-

plified in the slow changes of food habits in immigrant societies [29, cf. 30].

As a consequence one has to ask how does one define the concept of ‘local
food’? In a geographical approximation, this clearly relates to ingredients,

which are gathered, grown or produced locally and prepared into dishes, which

often represent a local speciality. Such food is derived from animals, fungi and

plants, but in the context of this discussion the focus is on food of botanical ori-

gin. Some of these local traditions have become worldwide phenomena (in a

way a ‘global food’) but this binary opposition does not really help in explain-

ing the differences between what is only known locally with more widespread

types of food. In its core all these local foods have their origin in small-scale

activities in a politically, culturally or socially well-defined region. If one were

to create a binary opposition, the alternative to local food would be food, which
is commercialized well beyond the region where it is produced and which is
derived from commercial large-scale production.

Globalization has resulted in an increasing availability of similar foods in

different cultures. Local food knowledge from Naples, Italy, was transformed

into a worldwide food, now often considered to be a typical American dish. The

pizza was brought over to the USA and on its onward journey back to many

European countries it became an element of American cultures (even though

without the discovery of the Americas the Aztecan ‘tomatl’ would not have found

its way onto the Napolitanean pizza) and is now a prime example of a conve-

nience food. This incorporation of new food species is, of course, not a new

phenomenon, Turkish corn (Fuchs’ Türkisch Korn) is included in many of the
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early European herbals like Fuchs, Brunswick and others. In fact, it refers to

Zea mays, which, of course, is of Mesoamerican origin. Similarly, sweet and hot

peppers (Capsicum annuum and C. frutescens) are now considered typical ele-

ments of the Hungarian and Balkan (as well as the Asian-Indian) cuisine, but

are again of American origin. A telling example comes from the Mediterranean.

In recent years, rocket salad (Eruca sativa, Brassicaceae) has become a new,

popular food in certain sectors of the European Community. Some health bene-

fits have been investigated scientifically [31]. The aerial parts were originally

well known only in the Central provinces of Italy (especially Umbria) and it was

an important food of the Ancient Romans, that later fell into disuse in most

regions. Remnants of this widespread reputation in ancient times are the per-

sisting local uses as flavoring agent in traditional dishes such as gazpacho of

North Murcia and East Albacete provinces in southern Spain. Its leaves have a

prominent, spicy taste and in recent years have become common ingredients of

many salads in North and Central European countries. Thus, rocket salad is a

prime example of the transformation of a local food into a commercial product.

Another example was highlighted in our research in southern Italy.

Horseradish (Armoracia rusticana) is commonly consumed as a condiment,

most notably during the carnival period in spring. Ground horseradish is used to

aromatize a sauce used with homemade noodles, or omelettes consumed during

Carnival. It is a fascinating semicultivated species in the community of

Castelmezzano [32]. Semicultivated or naturalized horseradish is very abun-

dant in the northern and Alpine areas of Italy but extremely rare in southern

Italy. In Castelmezzano, this local food is commonly ‘tolerated’ in home gar-

dens and local people insist that it has always been part of the local cuisine. It is

likely that horseradish came to Castelmezzano (and to a few other villages of

inland Lucania) via migrants from Swabia in the 13th century.

Thus as a theoretical summary, local food may well have its origin outside

of the regions of use and the crucial aspect of its definition is the local produc-

tion, gathering or harvesting and consumption.

Gathered Food Plants and the Local Mediterranean Food

So far the focus was on the local production, but ecological aspects form

an important basis for understanding it. Local food is based on plants grown

locally by individual peasants or gathered1, for example, by shepherds and

certain segments of the population or on local varieties of animals. Such food is

1From a nutritional perspective, edible fungi, while taxonomically different, are an essen-

tial element of these gathered foods.
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often only available seasonally and is consumed either fresh (e.g. spring salads

and vegetables, fruits in autumn) or in a conserved form (dried, fermented,

pickled). Local may be defined from a sociocultural perspective [33] or within

an ecological framework, discussing food production from the perspective

of a basic ecological unit defined by its climate, soil, watershed, species and

local agro-ecosystems. Two types are recognized on ecological and agronomic

grounds: GFPs (weedy, synanthropic and wild species) and local cultivars.

GFPs grow in primary or secondary habitats. Some are strictly endemics, others

are widespread species [34]. Sociocultural factors determine the roles of GFPs

and their importance is largely based on taste, palatability, toxicity, cultural

taboos and difficulties in production or collection.

Some less appreciated local food plants are consumed as seasonal hunger

food and as famine food. These have been used particularly in times of hunger

or during seasonal chronic shortages. They are not consumed regularly due to

factors such as accessibility, palatability or toxicity. Often these foods are cul-

turally associated with marginalized classes or peoples from culturally and

economically deprived areas. The ‘forgotten crops’ or ‘secondary food crops’

which were replaced with introduced species or cultivars considered to be more

interesting generally also fall into this low-profile category.

Some high-profile Mediterranean GFPs are highly sought, and have reached

a notable level of recognition in fine cuisine at local level. The reasons are not

always concurrent with biological characteristics. In general they are palatable,

low in toxicity, and accessibility is not a limiting factor in the appreciation of

these foods, at most it influences their market value. The genus Eruca, now sold

on a global level in large supermarkets (see above), and truffles, Tuber nigrum,

highly appreciated in the world of top cuisine, are examples of such high-profile

Mediterranean GFPs but very few others have become popular on a global scale.

The ‘Local Food-Nutraceuticals’ Project and Its Goals

Such local traditions were the focus of the project ‘Local Food-

Nutraceuticals’ (LFN), which is summarized in the following paragraphs and

which forms the basis for most of the chapters in this volume of Forum of
Nutrition. The LFN project includes specialists in many fields like ethnobotany,

pharmacognosy, pharmacology and nutritional studies, which come from the

UK, Germany, Poland, Spain, Italy, Switzerland and Greece. This project is

unique in the framework of the EU’s programmes in being the first with a very

strong focus on ethnobotanical questions and in being truly multidisciplinary
bridging the gap between sociocultural and natural sciences. As outlined

above, the interest in local foods stems only in part from its potential as a lead
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source for novel nutraceuticals. Such food is an important element of local

identity and a link of a community with its history.

Many local traditions are distributed over larger areas and exchange on a

regional level reinforces their usage. However, many of these local traditions

escaped the attention of a broader public in these regions or the political elite in

charge.

The Consortium includes researchers with expertise in a variety of fields

allowing a study of such diets from a multifaceted perspective:

• University of London, The School of Pharmacy, Centre for Pharmaco-

gnosy and Phytotherapy, London, UK.

• University of Murcia, Department of Plant Biology, Murcia, Spain.

• University of Frankfurt, Biocenter Niederursel, Frankfurt, Germany.

• Jagiellonian University, Institute for Molecular Biology and Biotechno-

logy, Krakow, Poland.

• University of Milan, Department of Pharmacological Sciences, Milan, Italy.

• Harokopio University, Department of Nutrition and Dietetics, Athens, Greece.

• DSM Nutritional Products, Basel, Switzerland.

The Consortium research will hopefully contribute to the development of

new nutraceuticals by identifying plants traditionally used in rural communities

of southern Italy, Greece and southern Spain with potential health beneficial

effects, but as importantly the project wants to give new values to local food

products which have been used for many generations and which now are at the

brink of becoming forgotten (see Introduction: The Changing Food Pattern).

Specific goals of the project include:

(1) Ethnobotanical documentation of food products of selected communities

in southern Italy, Spain, Greece, incl. Crete.

(2) Comprehensive understanding of the social, cultural, economical frame-

work of local food use.

(3) Identification of active extracts/pure compounds (leads for new health

food supplements).

(4) Biochemical/pharmacological in vitro mechanisms/in vivo effects of

selected species.

(5) Dissemination of ethnobotanical information in local/national languages.

Before discussing this approach in more detail, it is essential to discuss the

responsibilities of the researchers and their institutions involved in such projects.

Benefit Sharing

As is apparent from the above, there are two distinct but connected lines of

research activities in this project – the study of local food knowledge with the
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goal of making this of interest to future generations in the regions of origins and

thus to contribute to sustainable local use of resources, and the study of the

species’ wider potential as nutraceutical/health foods. These two lines are in no

way based on contradictory goals, but in fact interdependent aspects of one

common goal – the valorization of local knowledge. Importantly, valorization

has two aspects – an economic and a cultural one. Such knowledge will only be

‘preserved for posteriority’ if it is of interest and value to the community and if

it has the potential to contribute to local agriculture. Clearly the wider use

of one or a few of these food products would be an opportunity for such a

valorization.

In order to ascertain appropriate benefit sharing between the regions of

origin and the academic institutions involved in the project, the Consortium has

given itself a precise framework in the form of a Consortium agreement. The

overall vision is best summarized in the preamble of this agreement, which is

legally binding for all partners of the project:

‘It is the goal of this research project and the joint interest of all partners

to evaluate food plants locally used in member countries of the EU and neigh-

boring countries in nutrition which have recorded additional health benefits; to

characterize these plants with respect to their biological and pharmacological

effects; to study the pharmacological mechanism of action of selected plant

extracts in order to better understand the biochemical mechanism and thus to

evaluate these popularly used local food plants; to contribute to the dissemina-

tion of knowledge about locally used resources in the member countries of the

EU with the long-term goal of providing additional incomes to the regions of

origin.

It is the explicit principle that the botanical material provided by the part-

ners and the various external partners (subcontractors and any other providers)

should be provided under the principles as they are laid out in the ‘Convention

of Rio’ and subsequent international agreements. Specifically, plant samples

will only be included in the research project if the provider presents documen-

tary evidence that they have the permission from appropriate government

authorities to collect these plants.

It is understood by all parties signing this agreement, that information on

the bioactivity and chemical characterization of collected species will not be

used in conflict with the sustainable use of these resources and that endangered

and rare species are not to be overexploited, regardless of their potential as

patentable pharmaceutical agents with commercial value.

Specifically, mechanisms have to be set up for just compensation of

indigenous groups or other traditional or local keepers of knowledge, if the

plant samples provided by them yield economical benefits. It is recognized that

this compensation refers to all commercial products such as nutraceuticals or
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pharmaceuticals, whose discovery and development is based, either directly or

indirectly, on the TK of the respective groups.’

The most crucial aspect clearly relates to the potential of developing a

patentable product, which could generate significant income for one or several of

the partners involved. In such a case the Consortium ‘Local Food-Nutraceuticals’

will set up a Trust Fund, which will be in charge of the equitable sharing of the

financial benefits of the project: ‘In the event of payment to the Trust Fund a

Benefit Sharing Fund will make donations to return to the country or region

which supplied the botanical material to support conservation, health training

and education at the community level or regional level when the source mater-

ial originates from an uninhabited area’ (Consortium Agreement ‘Local Food-

Nutraceuticals’, § 10.5.5). Of the total revenues, 40% will be returned to the

regions of origin.

Currently (June 2006) no such product has been developed, but clearly the

agreements remain legally binding for the future activities of the partners on the

species included in this project.

The Consortium agreement has been phrased in a way to allow for its use

within the EU or beyond. We selected this model since the likelihood of devel-

oping promising new lead extracts or compounds is certainly higher than if

one would have used a random approach, but it is still rather low. Therefore,

such measures will only be implemented if needed. It has often been argued

that the communities in which such research is conducted should be reim-

bursed for providing the knowledge as such without waiting for potential but

highly uncertain future benefits. However, such funds were not made available

under the fifth framework programme of the EU and on an EU-wide level the

relevant policy issues on this local technological knowledge have not been

resolved.

The Nutritional-Pharmacological Angle

As part of the project the biological activities of the extracts were assessed

in twelve different assays covering a broad range of mechanisms considered

crucial in the pathology of chronic, aging-related diseases [for details, see 35].

In simple terms, a certain number of extracts are taken through a series of

in vitro tests with the ultimate goal to identify species which are of particular

potential for further development (fig. 1). Four antioxidant tests: DPPH scav-

enging, prevention of oxyhemoglobin bleaching, prevention of lipid peroxida-

tion (malondialdehyde formation), and protection from DNA damage (Comet

assay); three enzyme inhibition tests: inhibition of xanthine oxidase, inhibition

of myeloperoxidase-catalyzed guaiacol oxidation as well as the inhibition of
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acetylcholine esterase; one test investigating the inhibition of cytokine-induced

cell activation (including the extracts’ potential cytotoxicity); one assay measur-

ing the antiproliferation potential; one test assessing the antidiabetic activity

(PPAR�) as well as one assay investigating the extracts’ effect on mood disorder-

related biochemical parameters (hSERT). Furthermore, the polyphenol content

of all extracts was determined using the Folin-Ciocalteaus method. The assays

revealed diverse biological effects for the tested extracts ranging from no

activity to almost complete inhibition/activation. Moreover, the experimental

matrix led to the identification of a subset of extracts – i.e. Berberis vulgaris,
Reichardia picroides, Scandix australis, Satureja montana, Thymus piperella,
Lythrum salicaria, and Vitis vinifera – showing high activity in a broad number

of assays. In a nutshell, the modulations observed in vitro and effects exerted by

extracts derived from local food plants suggest that these plants may contribute

to the observed better aging of rural Mediterranean populations [35–37].

Local Dissemination of Knowledge

On important outcome of this project has been the public dissemination of

such knowledge. The project is not just one of academic scholarship or the

industrial development of novel products but aims at transmitting this knowl-

edge to future generations. Therefore a number of activities form part of the

project. The most important ones are the following:

• In Italian: ‘Ta chòrta – wild food plants of Gallicianò’ [30] summarizing the

information for the Greek-Italian community of Gallicianò and is, among

others, made available to members of the Magna-Graecian communities.

Ethnobotanical fieldwork
Greece, Italy and Spain

Selection of priority taxa

Primary screening

Detailed pharmacological
assays

Fig. 1. Overall strategy of the 

pharmacological-nutritional angle of the 

Consortium’s research.
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• In Spanish: Development of the Curricular Materials ‘La alimentación en

Castilla La Mancha. De la escasez al desperdicio (el valor de los alimentos

locales y su utilización sostenible)’. The materials received an award from

the Regional Education Authorities in 2004, and were published in digital

form [38], including open-source interactive puzzles with images of local

food types. These materials are available in all secondary education centers

in Castilla La Mancha (�400) with a potential public audience (school

children) of �100,000.

• In Spanish: A poster exhibition explaining basic data on GFPs and fungi.

This exhibition has been on loan to different local organisms for display

since November 2004. Over 20,000 people visited this exhibition at the

Food and Agriculture Fair in Albacete in December 2004.

• In Spanish: A book addressed to the general public in Spain: ‘Guía

etnobotánica de los alimentos locales recolectados en la provincia de

Albacete’ [27]. In this book local uses of approximately 150 GFPs and

fungi from the provinces of Albacete and Cuenca are recorded and

explained (with a repertory of 200 traditional recipes). It is richly illus-

trated, organized as a guide, with color photographs of the plants, the parts

used and of traditional dishes. This book includes a brief summary of the

most salient results prepared by the research groups involved in pharmaco-

logical research on the selected Spanish species.

These examples highlight approaches to disseminate such knowledge on a

local level, but numerous other ones ought to be explored, like local food and

medicinal plant gardens, didactic material for primary schools and collabora-

tions with local national parks or museums. Several examples of the develop-

ment of such locally useful outputs of projects have been published over the last

decades and it also will be essential to get the support from international (like

the EU-Framework programmes) and national funding agencies. So far this has

largely been a domain of based on individual or non-governmental initiatives

with funding by local authorities.

Conclusions

In this review we discussed theoretical concepts, which are crucial to

understand the role of gathered and locally cultivated food plants (includ-

ing fungi) in communities of the Mediterranean. These concepts form the basis

of a multidisciplinary research project which is summarized in several of the

following chapters. The idea that regional and local cultivars or dishes are

an important element of many cultures is, of course, not a new one. However,

the concept of ‘local food’ now offers a theoretical framework, which allows
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for the study and further development of these crucial elements of ‘local
knowledge’.

This framework resulted in one specific project, which is also summarized,

pointing to the potential of such a multidisciplinary approach. Specific out-

comes and limitations are discussed and reviewed in many of the subsequent

chapters of this volume.
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Abstract
The diversity of local Mediterranean food elements is not known in detail, but offers itself

to search for new vegetables, salads, fruits and spices which could be used in to enrich diets

outside their region of origin. Most amid those interesting local elements are edible wild plants

and weeds. Ethnobotanical research has identified ca. 2,300 different plant and fungi taxa,

which are gathered and consumed in the Mediterranean. Among these, �1,000 are only con-

sumed in one single zone, therefore are strictly local. The percentage of local gathered food

plant (GFP) taxa (present in �5 samples), is higher in the main centers of diversity at the

periphery of the Mediterranean (Sahara, Alps, Caucasus, Canary Islands, the Levant). Islands

(Sicily, Sardinia, Crete, Cyprus) also show a high proportion. Endemism of GFP taxa only

accounts for a limited number of these ‘ethnobotanical endemics’ (only ca. 350 are endemic/

endangered species). On the other hand, only a few taxa – 30 occurring in �20 samples – are

consumed in most of the Mediterranean. Most have been analyzed in the Local Food-

Nutraceuticals project. The ca. 800 GFP taxa that occur in more than the 5% of localities show

a geographical pattern that permits one to recognize seven geographical groups. These groups

show relationships with types of Mediterranean diet and could also be related with human

genetic polymorphism through long-term co-evolution in a geographical mosaic pattern.

Copyright © 2006 S. Karger AG, Basel

For many people the idea of a Mediterranean diet suggests the combination

of a diversity of vegetables, salads, fruits and spices, which are often derived

from local traditions, including some widely known basic ingredients (pasta,

olive oil, wine). However, the diversity of local food elements is in fact not
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known in detail, but offers itself to search for new vegetables, salads, fruits and

spices which could be used in to enrich diets outside their region of origin. Most

among those interesting local elements are edible wild plants and weeds.

There are several exhaustive global catalogues of edible plants of the

world, which include crops, wild plants and weeds [1–3]. Similar information is

available for individual countries around the Mediterranean [4–6]. Local and

regional floras have been published covering most Mediterranean countries.

Therefore by collating both sources we can easily obtain a list of local wild edi-

ble plants. Then what makes the difference of the ethnobotanical study of local

food in the Mediterranean area? Usually we discover a smaller repertory of

taxa. People do not eat all ‘edible’ plants available in their environments but

only a small part of this flora. What makes the difference is the cultural decision

that is behind each repertory of gathered food plants (GFPs).

Ethnobotany is the interdisciplinary study of plant-human relationships

embedded in a complex and dynamic system of natural and social components 

[7, 8]. Ethnobotanical approaches to the study of Mediterranean food plants offers

novel ways for analyzing and preserving traditional knowledge and agrobiodiver-

sity in the Mediterranean area. However, these food plants do no stand in isolation,

but in the complex interplay of plant diversity, human cultural and genetic diversity.

Ethnobotany can help to determine precisely which plants are currently

consumed by each ethnic group in a determined geographical and cultural con-

text. However, why is this relevant? The answer is that in simple terms an edible

plant is not necessarily eaten. There are many different factors that determine

the choice of a specific species as a food: abundance, availability, cultural pref-

erences, processing technologies, ability to collect it in the optimal period and,

last but not least, genetic features of the consumers (e.g. presence of detoxify-

ing enzymes) that allow the safe consumption of the plant. Therefore, most

‘edible’ plants are not actually consumed in localities where they are locally

abundant. Sometimes they are only used as fodder, or included in the restrictive

group of ‘famine food’, or simply neglected. Ethnobotany shows that this selec-

tive local profile of food is found at different scales (local to regional) and of

course it is part of individual traditional knowledge systems (TKS).

While cultivated plants come to mind first as elements of food plant diver-

sity, GFPs are crucial for understanding the health impact of these diets. Their

contribution to the traditional Mediterranean diet, although qualitatively impor-

tant, is yet almost unknown and offer a unique opportunity for discovering and

developing potential new products and thus crops [9–11].

Consequently, GFPs not only offer unique opportunities to develop new prod-

ucts and crops, but even more importantly the topic requires a thorough diachronic

scientific analysis and discussion from a multidisciplinary perspective:

• What species are still available and in which regions of the Mediterranean?
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• What is the current contribution of GFPs to Mediterranean diets at a local

level?

• What are the mechanisms that allow the conservation of and innovation in

local repertories of GFPs?

• How these are integrated into traditional local recipes and combined with

other ingredients?

• How do factors like season of gathering, initial processing, cooking and

combination in complex recipes influence the palatability, nutritional value

and health benefits of GFPs?

• How likely is it that much of this knowledge and diversity will to be trans-

mitted to future generations, and, hence, how much is likely to be lost?

Here we propose that an ethnobotanical framework offers some crucial

answers to these and related questions. This theoretical framework is, in part, based

on human cultural and genetic diversity and their interactions and before discussing

the interplay between the various factors, we summarize the relevant data briefly.

Cavalli-Sforza and Feldman [12] suggest that co-evolution of genes with

language and some slowly evolving cultural traits supports and supplements the

standard model of human genetic evolution. Advances in our understanding of the

evolutionary history of humans attest to the advantages of multidisciplinary

research. However, the role of plants in human evolution needs to be evaluated as

a co-evolutionary process. Co-evolution supposes mutual relationships – tolera-

nce, resistance and fitness – between species: predator/prey, herbivore/plant con-

sumed. Human consumption of plant food is a particular case of herbivory. It

opens a wide range of possibilities in terms of adaptive changes, both in plant and

human populations. Changes in plant species (genetic, morphological, physiolog-

ical) are associated to ‘domestication’. These are apparent if one compares culti-

vated plants with their wild relatives. Human selection acted in favor of tolerance,

viz. plants able to furnish a substantial crop (parts suitable for human consump-

tion) without negative fitness consequences. The intentional or unintentional

modification of their habitats led in different places and moments to the origins of

agriculture and forestry in form of geographical mosaics. The geographical-

mosaic pattern of co-evolutionary interactions appears to be ubiquitous in nature

[13]. Geographical mosaics are the output of human activities either as hunter-

gatherers or as agriculturalists, they are typical of the Mediterranean landscapes.

Much less explored aspects are the adaptive changes in human populations

as a consequence of continued consumption of a particular type of food. It is evi-

dent that food offers to the human beings the possibility of interacting with a wide

range of substances (not only nutrients). The interaction between these ingested

compounds and the expression of genes is extremely relevant in terms of the dif-

ference in fitness between the damaged and undamaged subjects. This led to a

differential concept of food (or a less safe food) in function of the genetic profile
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of the food consumer. Diet may be the most influential environmental factor mod-

ulating the phenotypes for both monogenic and multifactorial diseases.

There are many examples of genetic inadaptation of humans to nutrients

and other compounds in food. Some well-known ones are: phenylketonuria, clin-

ical galactosemia, lactose intolerance, celiac disease, familial hypercholesterolemia,

congenital hyperhomocystinemia, cystinuria, hyperuricemia, and hemochro-

matosis. The prevalence of these inadaptation syndromes shows significant dif-

ferences among ethnic groups and their fitness impact is mediated through diet.

However, some are seen on the contrary not as ‘inadaptation’ but as adaptive

success in ethnic groups long exposed to the substance. The genetic trait in

which intestinal lactase activity persists at childhood levels into adulthood,

varies in frequency in different human populations, being most frequent in

Northern Europeans (�85%) and certain African and Arabic nomadic tribes,

who have a history of drinking fresh milk. Selection is likely to have played an

important role in establishing these different frequencies since the development

of agricultural pastoralism ca. 9,000 years ago [14].

Celiac disease results from a permanent intolerance to ingested gluten and

related cereal prolamins in genetically predisposed individuals. The deleterious

proteins are gliadins (wheat), hordeins (barley), secalins (rye), and possibly

avidins (oats) [15]. As a heritable condition, familial aggregation is common,

and it is more prevalent in Caucasians. Have Caucasians supported a relative

low exposure to negative selection by rich gluten food in their history?

Adaptive features are also found in cultural patterns (as part of the TKS),

e.g. the detoxification practices (boiling, simmering, fermentation) for plant

food rich in alkaloids, steroids, sequiterpene lactones, etc. Also, precise distinc-

tion of the timing for collection helps to avoid toxic substances in excess; often

this is associated with dates of the religious calendar and festivals.

The integration of genetic and cultural diversity in terms of food and food

patterns is still a major endeavor. Ethnobotany is in many regions of the world

by necessity a diachronic discipline, but it needs to become more synchronic

and contribute to an understanding of the role of plants in human history and

even evolution [16, 17]. With this review we wish to contribute to understand

the deep meaning of the saying ‘You are what you eat’.

Human Genetic Diversity

The first aspect we need to focus on is the human genetic diversity of the

Mediterranean characterized by successive colonization episodes. These involve

the presence of scattered glacial refugia within the area. Colonization occurred

not only westwards (Paleolithic before last glacial maximum (LGM), Neolithic)
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Fig. 1. A A scheme of the main demographic processes documented in the archaeologi-

cal record of Europe. Numbers are approximate dates, in years before the present. Left-pointed

arrows, above, Palaeolithic colonization; up-pointed arrows, Mesolithic reexpansions (glacial

refugia are represented by circles); left-pointed arrows, below, Neolithic demic diffusion [38].

The suggested homeland for mitochondrial DNA haplogroup V is the population refugium in
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but also eastwards (Paleolithic after LGM, post-Neolithic) (fig. 1, table 1),

giving place to interactions with the different local floras and, most likely, to

pre-agricultural plant introductions both in the west and in the east of the

Mediterranean. The time and place of these episodes is best determined by ana-

lyzing human genetic polymorphism. The relative contribution of the different

colonization episodes to the present human genetic polymorphism is highly

controversial, especially those of the Pre-Neolithic hunter-gatherers: estimates

range from �30% [18] to �80% [19, 20] (table 1).

Neanderthals left no genetic imprint on modern humans and there is no

evidence of any Neanderthal/Modern human hybrids [21, 22]. These statements

have been challenged with (still unclear) hybrids of Portuguese Lagar Velho and

from Central Europe [23, 24].

The events leading to the emergence of modern humans in Middle

Pleistocene were not restricted to one region of the world alone. The last

50,000–150,000 years of human history have been characterized by rapid demo-

graphic expansions and the colonization of novel environments outside of sub-

Saharan Africa [24]. Genetic adaptation to local environmental conditions may

have been more prevalent in colonizing populations [25, using genome-wide

patterns of DNA polymorphism, 26]. The gradual loss of diversity in successive

colonization bottlenecks (periods of small population size) as our species grew

and spread from Africa is suggested by microsatellites showing a clear, almost

linear diversity gradient with a high rate in Africa and a decline outside [27].

Two major subsets of mitochondrial deoxyribonucleic acids (mtDNAs) were

identified in populations of Western Eurasia and Northern Africa. One is hap-

logroup V proper, and the other has been termed ‘pre V,’ since it predates V phylo-

genetically. The rather uncommon pre V tends to be scattered throughout Europe

(and northwestern Africa), whereas V attains two peaks of frequency: one situated

in southwestern Europe and one in the Saami of Northern Scandinavia. Geogra-

phical distributions (conspicuous, though scattered, occurrence of potential pre V

clades in the Mediterranean) and ages support that pre V originated (like its larger

sister haplogroup H), before the LGM (21,000– 28,000 BP), perhaps in Eastern

Europe, from where it spread along an east-west axis with gravettian contacts

(28,000–21,000 BP) [28]. The haplogroup V arose in a southwestern European

refugium soon after the LGM. The distribution of haplogroup V mtDNAs in

modern European populations would thus, at least in part, reflect the pattern

of postglacial human recolonization from that refugium. Except for rare, isolated

Iberia during the Last Glacial Maximum (LGM). It would be diffused with the dispersal of pop-

ulation over the period from 18,000 to 10,000 BP [22, 28, 141]. B Spatial frequency distribu-

tions of V mtDNAs, excluding possible outlier populations: (a) without Saami; (b) without

Saami and Croatians, and (c) without Saami, Croatians, and Basques [28].
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Table 1a. Main human co-evolutionary groups in function of linguistic, genetic, diet type and GFP type in the Mediterranean

Type Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8 Group 9 Group 10 Group 11 Group 12

Language Western Eastern Eastern Eastern Western Western Eastern Eastern Afro- Basque Altaic Altaic South and 

Indo- Indo- Indo- Indo- Afro- Afro- Afro- Asiatic or (Turkish) (Azeri) North 

European European European European Asiatic Asiatic Asiatic or Semitic Caucasian

(Romance) (Greek) (Slavic, (Armenian) (Berber) (Berber) Semitic (Arabic, 

Albanian) (Arabic, Hebrew)

Hebrew, 

Maltese)

Main Paleolithic Neolithic Neolithic Paleolithic? Neolithic Neolithic Neolithic Neolithic Near Paleolithic Post-Neolithic? Post- Paleolithic

Genetic Near Near Near Eastern Neolithic?

component Eastern Eastern Eastern

GFP type Western Eastern Alpine Alpine North Saharan North Levantine Western Eastern Alpine Alpine 

Mediterranean Mediterranean (Caucasian) African African Mediterranean Mediterranean (Caucasian) (Caucasian)

Diet type Western Eastern Adriatic Caucasian North North North Eastern Western Eastern Caucasian Caucasian

Mediterranean Mediterranean African African? African Mediterranean Mediterranean? Mediterranean

For explanation of main genetic components see table 1b, for GFP types see table 2a, and for diet types see table 6.
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occurrences, V is virtually absent in the Southern Balkans, Turkey, the Caucasus,

and the Near East. With regard to age and frequency, there is a clear cline from west

to east. The estimated age for V in the west (ca. 16,000 years) is almost twice that

in the east, indicating the direction of settlement (fig. 1). The older age reflects the

onset of the recolonization of Europe from western refugia. In contrast, the distrib-

ution of pre V suggests that these rather rare mtDNAs must have been present in

more than one refuge area [28]. Studies in haplogroup H support in part the expan-

sion from the Iberian Peninsula (Franco-Cantabrian Glacial Refuge). However,

estimated age for subhaplogroups and relative frequencies are somewhat contra-

dictory [29–31]. Figure 1B also highlights the simultaneous recolonization of

North Africa from the eastern littoral of Algeria. This was presumably occurring

after the end of the LGM, associated to the subsequent drastic reduction of the

Sahara desert extension during the Holocene Climatic Optimum. Analyses of

mtDNA sequence variation in European populations suggest that the gene pool has

80% Paleolithic and 20% Neolithic ancestry [20], but still requires the reconstruc-

tion and distinction of the gene pools in the various glacial refugia [28].

Richards et al. [32], applying the founder analysis of non-recombining

mtDNA sequence data, conclude that (i) there has been substantial back-migration

into the Near East; (ii) the majority of extant mtDNA lineages (haplogroups H,

pre V, and U5) either originated or have spread along the Mediterranean into

Europe in several waves during the Upper Paleolithic; (iii) there was a founder

effect or bottleneck associated with the LGM (21,000 BP), from which derives

the largest fraction of surviving lineages, and (iv) the immigrant Neolithic com-

ponent (haplogroups J, T1, and U3) is likely to comprise less than one-quarter of

Table 1b. Present human genetic polymorphism (mitochondrial DNA) represents a summary of the

three main waves of European colonization

Component Dates (BP) Main associated Contribution  Direction

clusters mtDNA to modern of wave

gene pool, %

A* B*

Neanderthal 300,000 Unclassified 0 0 E to W?

Early Upper Paleolithic 40,000–50,000 U5 10 10 E to W

Late Upper Paleolithic 11,000–18,000 H, V, I, W, T, K 70 20 W to N and E

Neolithic 8,500–10,000 J (� more of H, T, K?) 20 70 E to W

The letters refer to the classification of haplotypes. It should be noted that the Neolithic contribution is

estimated at ca. 20% of the total by most authors. 

*Sources: A: 19, 20, 22, 38, 139; B: 18, 140.
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the mtDNA pool of modern Europeans. The haplogroup (pre-HV)1, by contrast,

did spread along the Mediterranean either during the Neolithic period or in more

recent times or both [33].

Geographic distribution and age estimates of alleles in non-recombining 

Y-chromosome are compatible with two Paleolithic and one Neolithic migratory

episode that have contributed to the modern European gene pool. Scozzari et al.

[34] analyzed Y-chromosome variation in 1,127 males from the Western Mediter-

ranean area, northeastern Europe and the Middle East. The present distribution

of one of the 17 haplogroups identified suggests that the Neolithic gene pool had

I II III IV V VI VII VIII IX X

E3b (Eu4)

I (Eu7, Eu8))

J, G (Eu9, Eu10, Eu11)

F* (Eu10)

N3 (Eu13, Eu14)

R1* (Eu18)

R1a1 (Eu19)

Fig. 2. Maximum parsimony tree for the major Y-chromosome haplogroups and their

distribution in Europe [19]. The West Eurasian parts of the tree are highlighted and gray-scale/

-pattern-coded. The haplogroup nomenclature of Underhill et al. [142] is indicated beneath

the tree; that of the Y-Chromosome Consortium [264] is within the frame, and that of Semino

et al. [20] is in parentheses. An asterisk indicates a potentially paraphyletic lineage [264]. See

Semino et al. [20] and Richards [19] for further details.
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a major impact in the eastern and central part of the Mediterranean basin, but

very limited consequences in Iberia and northwestern Europe [35, 36] (fig. 2).

Two other haplogroups were found to have much more restricted geographic

distributions. One of them is common only in Sardinia, which confirms the

genetic peculiarity and isolation of the Sardinians.

Using the allelic variability at six Y-chromosome-specific polymorphisms in

333 males from 12 populations around the Mediterranean Sea a ‘core’ of popula-

tions directly facing the north and the east of the Mediterranean basin, from the

Middle East to the Italian Peninsula, was found to be genetically undifferentiated.

Through the analysis of microsatellite variation, the time to the most recent com-

mon ancestor has been estimated to be quite recent (7,000–11,000 BP) [37].

Some differences exist between the mtDNA and Y data pertaining to the

putative Paleolithic components. These discrepancies may be due in part to

the apparent more recent molecular age of Y-chromosomes relative to other loci.

Gender-based differential migratory demographic behaviors will also influence

the observed patterns of mtDNA and Y variation [20]. Both mtDNA and Y-

chromosome analyses have indicated a contribution of Neolithic Near Eastern

lineages to the gene pool of modern Europeans of around a quarter or less. This

suggests that dispersals bringing the Neolithic to Europe may have been demo-

graphically minor and that contact and assimilation had an important role [19].

In European populations specific mutations have a peculiar geographic

distribution, which suggests recent local origin of some alleles or input of genes

from sources other than the Levant, notably North Africa and Asia [38].

Genetic isolates in the area include islands and continental outliers. All of

them share most features of the less isolated Europeans. For instance the Sardinians

and Basques, outliers share basically the same Y binary components of the other

Europeans. Their peculiar position with respect to frequency is probably a conse-

quence of genetic drift and isolation. Cultural differences may not have led to

genetic differentiation [20, 39].

Human Cultural Diversity

Human population structure, inferred from the Y-chromosome, corre-

sponds broadly to language families, but there are examples in which the

genetic heterogeneity does not correlate with either linguistic diversity or geo-

graphic barriers [40, 41]. A time depth for the origins of language families

greater than the generally accepted date of ca. 6,000 years may in some cases be

appropriate, allowing for the correlation between language dispersals and

demographic processes following the end of the Pleistocene period. The effects

of these processes are still visible in the linguistic ‘spread zones’, considered
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by Renfrew [22] to be the result of farming dispersals, contrasting with the

linguistic ‘mosaic zones’ whose early origins may sometimes go back to initial

colonization episodes during the late Pleistocene period [39]. Nettle and Harris

[42] suggest for Eurasia and West Africa that linguistic and genetic phylogenies

will only be correlated where there have been large-scale demic diffusions in

the last few thousand years, and relative sedentism in the subsequent period.

The native languages around the Mediterranean belong to three major lan-

guage families: (1) Indo-European (Albanian, Armenian, Greek, Italic, and

Slavic subgroups); (2) Afro-Asiatic (Berber, Egyptian, and Semitic subgroups –

comprising the latter Arabic and Hebrew), and (3) Altaic (Turkic subgroup).

The outlier Basque language is spoken in parts of Spain and France. North

Caucasian and South Caucasian language families are present in parts of

Russia, Azerbaijan, Georgia, and Turkey in the boundaries of the Mediterranean

[43]. In total, 2,200 species have a record as a GFP in the Mediterranean. These

are both widespread and local, vascular plants and fungi (table 2). All of them

receive names at least in one of the above languages. Tables 3 and 4 present, for

selected GFPs, the repertory of names recorded in the different languages. These

names offer interesting examples of cognates (words that are related to each other

by descent from a common source [cf. 17]). Some of these cognates are found out-

side the limits of major language families.

There are three theories on the origins of Indo-Europeans: the Indo-

European Chalcolithic Invasion, Renfrew’s Neolithic Discontinuity and the

Paleolithic Continuity [44]. The Marija Gimbutas’ kurgan theory supports an

Indo-European invasion in the Copper Age (4th millennium BC), by horse-riding

pastoralists, according to which, the Proto-Indo-Europeans were those who

built the Kurgan culture 5th–3rd millennium BC, in the steppe area of Ukraine,

north of the Black Sea. From the steppe area, then, in the 3rd millennium BC

Indo-European languages were brought to regions all over Europe [45].

Renfrew’s theory of Indo-European Neolithic dispersal is based on the obser-

vation that the beginning of farming in 7th millennium BC is the only moment in

European prehistory that might coincide with the Indo-Europeanization of Europe.

Renfrew concluded that these early farmers were the Proto-Indo-Europeans. The

two earliest Neolithic cultures of Southern Europe, both dated to the 7th millen-

nium, namely the Balkan complex and the Impresso/Cardial Ware, would repre-

sent the first introduction of Indo-European cultures into Europe [46, 47].

However, the two Southern European areas where Neolithic cultures do show infil-

trations from the Middle East, are precisely the areas where non-Indo-European

linguistic traits are most evident and important: Italy and Greece [48].

The third theory associates the arrival of Indo-European people in Europe and

Asia with the colonization of Homo sapiens in Europe and Asia from Africa, and

not as an event of recent prehistory. The differentiation process of Indo-European
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Table 2. Major types of Mediterranean GFP taxa. The 62 zones analyzed (table 5) yielded a total of 2,300 vascular plant and mushroom

taxa. The ethnobotanical endemics are 1,050, each used in one single zone. The remaining taxa form 8 groups: 1 widespread and 7 regional

Type Zone Characteristic taxa Notes

Widespread Used in �33% Portulaca oleracea L., Foeniculum vulgare Mill., Sonchus Weedy species of crop

of the 62 zones, oleraceus L., Silene vulgaris (Moench) Garcke, Cichorium fields. Shrubs and small 

without special intybus L., Rorippa nasturtium aquaticum (L.) Hayeck, trees of machia

geographical Asparagus acutifolius L., Malva sylvestris L., Papaver rhoeas
pattern L., Rubus ulmifolius Schott., Allium ampeloprasum L., Arbutus 

unedo L., Crataegus monogyna Jacq., Scolymus hispanicus
L., Borago officinalis L., Chondrilla juncea L.

Alpine Alps, Pyrenees, Chenopodium bonus henricus L., Corylus avellana L., Wild greens of 

Cantabrian Fragaria vesca L., Oxalis acetosella L., Vaccinium myrtillus L., meadowlands, fresh

range and Malva moschata L., Polygonum bistorta L., Sempervivum fruits, nuts, mushrooms

Caucasus spp., Carum carvi L., Myrrhis odorata (L.) Scop., Epilobium and herbs

angustifolium L., Valerianella locusta (L.) Laterrade, Artemisia 
absinthium L., Verbena officinalis L., Amelanchier ovalis
Medik, Pastinaca sativa L., Abies alba Mill., Hippophae 
rhamnoides L., Allium schoenoprasum L., Gentiana lutea L., 

Juniperus communis L.

Caucasian-E Caucasus, Arum elongatum Steven., Cotoneaster nummularia Fisch. & Herbal cheeses, wild

Anatolian Turkey (E) Mey, Crataegus pontica C. Koch, Eremurus spectabilis Bieb., fruits, vegetables

Falcaria vulgaris Bernh., Malus orientalis Uglitzk., Papaver 
orientale L., Rheum ribes L., Zosima orientalis Hoffm.

Western France, Spain, Quercus ilex L., Malus sylvestris (L.) Mill., Crepis vesicaria L., Acorns. Sprouts of

Mediterranean Italy (W) Conopodium spp., Pinus pinea L., Bryonia dioica Jacq., Echium plants from the 

vulgare L., Montia fontana L., Reichardia picroides (L.) Roth., evergreen oak forests

Scorzonera laciniata L., Scandix australis L., Asparagus albus and machia

L., Chamaerops humilis L., Echium plantagineum L., 

Scorzonera angustifolia L., Diplotaxis tenuifolia (L.) DC., 

Cynara humilis L.
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Eastern Italy (E), Asphodeline lutea (L.) Reichenb., Eruca sativa L., Rubus Bulbs, mustard greens.

Mediterranean Greece, sanctus Schreb., Salvia fruticosa Mill., Echinophora tenuifolia Plants of the phrygana

Cyprus, Malta, L., Polygonum cognatum Meissn., Muscari comosum Mill., 

Turkey (W) Ornithogalum narbonense L., Cornus mas L., Carum 
ferulaefolium Desf., Tetragonolobus purpureus Moench., 

Sideritis libanotica Labill.

Levantine Turkey (S), Anethum graveolens L., Asphodelus microcarpus Salzm. & Herbs, condiments.

Syria, Lebanon, Biv., Rhus coriaria L., Prosopis farcta (Solander) Macbride, Cardoons. Shrubs of

Palestine, Gundelia tournefortii L., Ficus sycomorus L. riparian forests

Jordan, Israel

North African Morocco, Thymbra capitata (L.) Cav., Emex spinosa (L.) Camp., Urtica Herbs. Greens of 

Tunisia, Algeria pilulifera L., Diplotaxis harra (Forssk.) Boiss., Moricandia overgrazed areas. Tubers

arvensis (L.) DC., Artemisia arborescens L., Bunium 
incrassatum (Boiss.) Batt., Atractylis gummifera L., Ferula 
communis L.

Saharan Morocco, Messembryanthemum forskahlei Hochst., Rumex vesicarius Small grains, sweet 

Algeria, Libya, L., Tamarix aphylla (L.) Karsten., Alhagi maurorum DC., exudates. Underground 

Egypt, Saudi Phoenix dactylifera L., Atriplex halimus L., Tirmania nivea fungi

Arabia (Derf. ex Fr.) Trappe, Cynomorium coccineum L., Asphodelus 
tenuifolius Cav.

Table 2. (continued)

Type Zone Characteristic taxa Notes
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Table 3a. Widespread GFP taxa in the Mediterranean and their names in the languages of the Indo-European family [language names after

43]. References: Spanish: [4, 143, 144, 147, 148, 151, 155–158, 160, 161, 163]. Catalan-Valencian-Balear: [111, 145, 149, 150, 152, 154, 159, 162,

164–166]. Provençal and Occitan: [106, 108, 110], Reguis 1878. Corsican: Simonpoli 1993. Sicilian: [121, 122]. Sardinian: [124–126]. Italian:

[126, 146, 153, 167, 168]. Arbëreshë: [169]. Albanian: [170]. Greek: [77, 171–173]. Armenian: [5]. Serbian: [172] (cognates and adoptions marked

in shades of gray. See also equivalent rows in table 3b)

Language Romance languages (Latin branch) Hellenic Armenian Slavic Albanian 

branches (Thracian) (Illyric)

Taxon Spanish Catalan- Provençal Corsican Sicilian Sardinian Italian Greek Armenian Serbian Arbëreshë Albanian

Valencian- and

Balear Occitan

Allium Ajo All Porri fer – Agghiu Porretell Porraccio Agriopraso, – Praziluk Qepë Qepë

ampeloprasum porro porro porru agrioskordo salvaç veshtash

L.

Arbutus Madroños Arbosser Darbousié Albitru – Arboç Albatra Kumaria – Maginja – Mare

unedo L.

Asparagus Espárrago Esparrecs Asperjo Saparacu Sparacogna, Espàrec Sparaci, Agrelli, – Spargla Sparengjë Shpargull

acutifolius L. triguero sparagnella asparago aghrellia,

selvatico sparangi

Borago Borrajas Borratja Bourragi Frisgia, Vurrania Moc-moc Burraggine Armpeta, – Borazina Vërajnë Shajë

officinalis L. burrascia Burragtsa

Chondrilla Achicorias, Morret Cantalame, – Cudidda Cagliùca Erba Kolla Koshmoryk Gjumës Zegun

juncea L. ajonjera de bou lacholebré, pizzuta,

sautaovolame mastrice

Cichorium Achicoria, Cama-roja, Cicorèia, – – Cama Radicchio Agrioradiko Ejerdak Vodopija Çikour Çikore

intybus L. camarroja xicoira cicòri, roja, di campo

cicoureio xicòria

fero

Foeniculum Hinojo Fenoll Fenohl, Finochiu Finucchieddu Fenoll Finoccio Maratho, Jorom- Kmorac Fënoq Marajë

vulgare ssp. fenon, rizzu salvatge selvatico marathos samit salvaç

piperitum fenoun

(Ucria) 

Cout.

Rorippa Berros Créixens Creisson, Cruscione – Alxòni Crescione Kartamilla, Dzhirkotem Potocarka Shërpër Shelp

nasturtium- creissoun kardhamilles, ugaz

aquaticum (L.) nerokardamo

Hayek
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Table 3a. (continued)

Language Romance languages (Latin branch) Hellenic Armenian Slavic Albanian (Illyric)

branches (Thracian)

Taxon Spanish Catalan- Provençal Corsican Sicilian Sardinian Italian Greek Armenian Serbian Arbëreshë Albanian

Valencian- and

Balear Occitan

Papaver Ababoles, Rosella Rosèla, Rosula Paparina Papàriu Pavet, Koutsounada, Kakatch Mak Luljëkuq Lulkuqe

rhoeas L. babaoles roela, pupattole, petinos

ruelo rosolaccio

Portulaca Verdolaga Verdalaga, Bortolaiga, Erba Puccidana Porcellana Porcacchia Andraka, Dandyr Prkos Burdulak Burdullak

oleracea L. Pulsallana bortoulaigo fratesca- glistiria,

ghlistridh

Scolymus Cardillos, Cardo Pei de – Scoddi, Card Cardo Askolimbros, – Dragusica Kardunxheljë, Rrëkuall

hispanicus tagarninas de moro nouvé rattameli vaqueta? sumarino chrysangatho, rëkoljë

L. skolymos

Silene Collejas Conillets, Caurilh, Scrununietti Cannatedda Capriuleddu Trivoli, Strouthouthkia, – Pusina – Klokëz

vulgaris colitxos cresinèu, stride, tsakrithkia

(Moench) petarèla strisciola,

Garcke cucina

Sonchus Borrajas, Borratxa, Engraisso – Cardedda Card munjòni, Allattalepre, Çdjokhos, Ishamarol Gorcika – Rrëshyell

oleraceus L. cerrajas, llicsó por Bardu Sonco sonchos,

cerrajón minzone trakhouri

Urtica Ortigas Ortiques Ourtigano, Urticula Ardica Occiau, Ortica Tssouknitha Ajindsh Koprina – Hithër

dioica L. ourtigo Viltiga
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Table 3b. Widespread GFP taxa in the Mediterranean in the Afro-Asiatic, Altaic and Caucasian Families of languages. Names are represented

not only if the plant is used as food. References: Hebrew: [174–176]. Maltese: [177, 178]. Turkish: [79, 81, 179–183]. Arabic: [6, 84, 85, 115, 116,

184–196]. Berber: [115, 116, 185, 187]. Basque: [197–199, 236]. Azeri: [5]. Georgian: [5] (cognates and adoptions marked in shades of gray. See also

equivalent rows in table 3a)

Taxon Afro-Asiatic Altaic Caucasian Isolate

Hebrew Maltese Arabic Berber Turkish Azeri Georgian Basque

Allium Hazir Kurrat Bussîla, kurrat, Kâûl Kaya sarimsagi, – – Basa porrua

ampeloprasum L. salvagg tumet el Arab sirmo, sirik

Arbutus unedo L. – – Lenj, Metrun, Kocayemis – – Animania,

mothrounia sasnu, gurbitza

sisnou

Asparagus – – Halyûn Azzu, Yabani – – Basaesparrago

acutifolius L. tazzût kukonmaz

Borago – Fidloqqom Al-hurraycha, Bû-hamdûn Hodan – – Murriona

officinalis L. lessane-et-tour

Chondrilla – – – – Karaavlik, Dshingile Yledjela Basa-

juncea L. Çengel sakizi kardabera

Cichorium Merôrîm, Cikwejra ‘Elik, hindaba, Arhlilou, Çitlik Kasni Bardkatchatcha Osterchuriya

intybus L. les matsvooey seriss mersag

Foeniculum Shoomar Busbies Besbaça, Ouamsa, Rezene Raziana Dsheredsho Millua

vulgare ssp. bisbês, tamessaout,

piperitum shamra semsous

(Ucria) Cout.

Papaver – Peprina Bu gar’ûn, Ftûlû, Gülotu, Lale Katcho Lobelarra

rhoeas L. hamra kash-kash, talûdat gelincik

ouadjir
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Table 3b. (continued)

Taxon Afro-Asiatic Altaic Caucasian Isolate

Hebrew Maltese Arabic Berber Turkish Azeri Georgian Basque

Portulaca Rgelat Burdlieka Benderakech, Alora, Temizlik, Perpern Dandyri Ketozkia

oleracea L. hagenah blabicha, arrhilem, tokamkan,

redjila bouguel, parpar

tafrita

Rorippa Gargeeyr Krexxuni Guernounech – Aci tere, – – Berroa

nasturtium- hanoochalym, sija suteresi,

aquaticum merôrîm tere

(L.) Hayek

Scolymus Dardar, Xewk isfar Guernina, Izifore Altindikeni, – – Kardaberaiska

hispanicus L. khokha quernena, saridiken

sfaradee sernish, 

zirniz

Silene vulgaris – Quasqejza Kahali, nouar Talazazt Givisganotu, – – Galkidea

(Moench) Garcke ed dil tavsan ekmegi, 

siyavu

Sonchus Meror Tfiefa Difâf, Daouague, Sütlük – Gytcha Karduntxa

oleraceus L. hageegot Komuni tifaf wagerrin dikeni

Urtica dioica L. Kîmmosh – Horaig, Azekdouf, Isirgan, Gitchitkan Tchintchari Asuna, osina

hurrîqa rimezrit geznil
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Table 4a. Local GFP taxa in the Mediterranean and their names in the languages of the Indo-European family (language names after

Ethnologue 2005). References: Spanish: [4, 143, 144, 147, 148, 151, 155–158, 160, 161, 163]. Catalan-Valencian-Balear: [111, 145, 149, 150,

152, 154, 159, 162, 164–166]. Provençal and Occitan: [106, 108, 110], Reguis 1878. Corsican: Simonpoli 1993. Sicilian: [121, 122]. Sardinian:

[124–126]. Italian: [126, 146, 153, 167, 168]. Arbëreshë: [169]. Albanian: [170]. Greek: [77, 171–173]. Armenian: [5]. Serbian: [172] (cognates

and adoptions marked in shades of gray. See also equivalent rows in table 4b)

Language Romance languages (Latin branch) Hellenic Armenian Slavic Albanian (Illyric)

branches (Thracian)

Taxon Spanish Catalan- Provençal Corsican Sicilian Sardinian Italian Greek Armenian Serbian Arbëreshë Albanian

Valencian- and

Balear Occitan

Amaranthus Bledo, bleo Blets – – – Amarantu Amaranto Amarandon, Gavakatar – Nenë

graecizans L. dulce vliton

Anchusa italica Lenguazas Buglossa Bourrigas – – Llengua de Buglossa Budoglossos, Gavashynak Pazje – Gjuhëlope

Retz. (� A. bou oglossos gnezdo

azurea auct.)

Arctium minus Lampazo, Llepassa Erbo de la – Guddizzuni Cuscusone Lappola – Kratyk Cicak – Rrodhe

Bernh. gordolobo, borda jaunisso repuh

ceones

Beta maritima L. Acelga de Bleda Bledo Bietula Seccala Bleda Bietola Agrioteftlo, – Blitva – Panxhar

campo, borda salvatica salvatge selvatica agriolahano

blea

Eruca sativa L. Oruga Ruqueta Rouqueto – – Arrucas, Rucola Aromatoss, – – – –

Rucca euzomon to 

imero, roqqua

Eryngium Cardo Panical Panicau – – Cardu Bocca di Aggathia Eryndjak Vetrovalj – Gjembardhë

campestre L. setero anzoninu ciuco zrejnak

Lactuca Esperillas, Lletuguetes Lachugo – – Lletuga Erba Thridax – Salata – Marule, 

serriola L. lechuguillas bordes fero salvatge, bussola agria pëfshirë

lattia budra

Lactuca – – – Scursunara – Lattuga alata Agriomaruli – – – Marule

viminea
(L.) Presl.

Malus Maillo – – – – Melabrina? Melo silvatico Agriomelia – Sabuka Lemonxed Mollë

sylvestris
Miller
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Muscari – Caps de Cebouiado – Cipudazzu, Mascaró Lampascione, Agrioyakinthos, – Vilin luk Çëpuljin Pështrik 

comosum (L.) moro purrazzu cipollaccio askordoulokas cuflor

Miller �

Leopoldia 
comosa
(L.) Parl.

Myrtus Mirto Murta Nerto Morta – Murta Mirto Myrssini, myrtya – Mirta, mrca – Mërsinë

communis L.

Plantago Rampete Patetes de Bano de – – Erba stella Barba di Lithospasto – Bokvica – Gjethedell

coronopus L. pardalet cervi cappuccio

Reichardia Herba Tèrragrèpia, Lattarepulu Caccialebbra Lattaredda Caccialepre, Galatsida – – Buk, bukë ?

picroides (L.) dolça, costelina pane e cacie, ljepër

Roth cosconella sassello, 

Latticino

Rumex Acedera Agrella Eigreto – – Coraxedu Zazzaio, pan Oxalidi Avelyk, Stavelj – Lëpjetë

acetosa L. e vino Trtndshyk

Scandix Quijones Agulloles Agulhas – – Erba de Acicula – – – – Finraspor

australis L. agullas

Scorzonera Burumbaya, – Barbaboc, – – Crabiolina, Scorzonera Starida Aishasindz Zmijak – ?

laciniata L. verbaja, barbabou di pei de 

farfalla champ, caponi

escorzonera, 

galineta

Sonchus Lizones Lisones, Lachasson – Cardedda Alminzone, Crispigno, – – – – –

tenerrimus L. llicsó de arminzone cicerbita

perdiu

Tamus Támara – Tamisié Sparaci Sparacogni Tamarit Tamaro, Avronia, ovria Kyis armat Bljust Sparënx Pejzë

communis L. Tàfani, salvaç

dàfano

Table 4a. (continued)

Language Romance languages (Latin branch) Hellenic Armenian Slavic Albanian (Illyric)

branches (Thracian)

Taxon Spanish Catalan- Provençal Corsican Sicilian Sardinian Italian Greek Armenian Serbian Arbëreshë Albanian

Valencian- and

Balear Occitan
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Table 4b. Local GFP taxa in the Mediterranean in the Afro-Asiatic, Altaic and Caucasian Families of languages. Names are represented

not only if the plant is used as food. Hebrew: [174–176]. Maltese: [177, 178]. Turkish: [79, 81, 179–183]. Arabic: [6, 84, 85, 115, 116, 184–196].

Berber: [115, 116, 185, 187]. Basque: [197–199, 236]. Azeri: [5]. Georgian: [5] (cognates and adoptions marked in shades of gray. See also

equivalent rows in table 4a)

Taxon Afro-Asiatic Altaic Caucasian Isolate

Hebrew Maltese Arabic Berber Turkish Azeri Georgian Basque

Amaranthus Yirebavooz Cobbejra Fiss el kelb, Talenkhatait Ohrasan Gara tere Dzhidzhilaka –

graecizans L. yevanay hamra lisan ter

Anchusa italica Hallamut Lsien il- Bou-cassal, Foudelqqem, Sigirdili, güriz Siumiurgen – Belchoria, 

Retz. (� A. fart ikhal harcha tament idimia

azurea auct.

Arctium minus – – Lif el eulma – Uluavratotu Pitrag Orovandí Lapa-txikia, 

Bernh. Ooin, Orkatx

Beta Selek Selq Ders el kalb Zmamûr Yabani pankar – – –

maritima L. maavooy salvagg

Eruca sativa L. Orot Aruka Djergir, harra Aoluet, tanekfayt Roka – – Berarakia

Eryngium – – Bou-adjoul Oulouazene Bogadikeni Symbirtike Lyrdji nari Buruiska, 

campestre L. chillarra

Lactuca Khaset Hassa Necalen, Assafar n- Marul, tahliç, Siuddien – Asta uraza

serriola L. hameetspez, salvagga sacarole, sem yabani marul

merôrîm tal-pizzi sep-ghorab

Lactuca – – – – – – – –

viminea (L.) 

Presl.

Malus sylvestris – – – – Yabani elma – – Sagar gacia

Miller
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Table 4b. (continued)

Taxon Afro-Asiatic Altaic Caucasian Isolate

Hebrew Maltese Arabic Berber Turkish Azeri Georgian Basque

Muscari Mtseeloovot Basal il- Beçol ed dib – Sümbül, – – Frailes

comosum (L.) mtsooyatsot hniezer morbas

Miller �
Leopoldia
comosa (L.) 

Parl.

Myrtus Hadas Rihan Rihân Tarihant, Banar, mersin – – Arraiana

communis L. tchilmoun

Plantago Lechekh Salib Bugenáhh, – Kargaayagi – – Izar belarra

coronopus L. shasvoa l’asit rjel el-gorâb

Reichardia Tamrooeyr Kanklita Zid et moum Reghim – – – –

picroides (L.) maroqany

Roth (& R.
tingitana (L.)

Roth)

Rumex – – – – – Avelyk, Golo Gazigoxi, 

acetosa L. gyzygylati Miñeta

Scandix – – Mechitta Beghour, – – – Milluria

australis L. lebkour

Scorzonera – – Talma regiga – Karakök Teke – –

laciniata L. sajgali

Sonchus – Tfief Zeizet el – – – – Kardabera, 

tenerrimus L. Maza karduberacha

Tamus Tamoos – Bou Tsemimoune Aciot, – Dzaglis- Asta matsa

communis L. matsooey mimoune dövülmüsavratotu, satashyri

karaasma
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languages from the common Proto-Indo-European language must have taken a

long time, associated with the episodes of the original migration from Africa, fol-

lowed by massive extinctions of Indo-European languages and the expansions of a

few highly successful subgroups. The reconstructed Proto-Indo-European lexicon

has a strong bias toward domesticated animals rather than crops [44, 49].

Diamond and Bellwood [49] see the Fertile Crescent not only as an agri-

cultural homeland, but also as a zone that might have given rise to Indo-

European, Elamite, Afro-Asiatic and Caucasian language families radiating

from it. But it is unlikely that these expanded simultaneously to Neolithic agri-

cultural diffusion. The homeland for Afro-Asiatic languages is also controver-

sially placed either in the Levant during the late Natufian culture 9500 BC or in

northeastern Africa.

Although there is debate on the origins of North and South Caucasian lan-

guage families and as to whether they do or do not form a genetic unit, overall,

the analysis of classical genetic markers is in agreement with a single ancient

origin of Caucasian populations, followed by subdivision along geographical

and linguistic lines [50].

It seems likely that the basic human genetic and cultural substrate of most

of the Mediterranean Europe and North Africa was established in the region

prior to the origins of yearly crop agriculture (cereals and pulses) and long

before the end of the LGM. This allowed long term co-evolution – involving

tolerance, resistance, domestication – between a wide repertoire of local food

plant taxa and the existing human populations in the various glacial refugia.

Accordingly the different composition of the GFP lists and their local

names (tables 2–4) could represent cultural differences between Eastern and

Western Mediterranean human populations. Are these differences adaptive?

Are these, not only cultural but also genetic, related with human genetic poly-

morphism, in function of types of food consumed? Differences in milk con-

sumption and prevalence of lactase persistence in adults are the best known

example but not the only one.

Plant Diversity

The largest of the world’s five Mediterranean-climate regions, the Medite-

rranean basin stretches west to east from Portugal to Jordan and north to south

from Northern Italy to Morocco. Around this sea is one of the most diverse

world’s biodiversity hotspots. Surrounding the Mediterranean Sea, the hotspot’s

2,085,292 km2 include parts of Spain, France, Italy, the Balkan states, Greece,

Cyprus, Turkey, Syria, Lebanon, Israel, Egypt, Libya, Tunisia, Morocco and

Algeria, as well as around 5,000 islands scattered around the Mediterranean Sea.
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Of the 22,500 species of vascular plants in this hotspot, approximately 11,700

(52%) are found nowhere else in the world. The endemics are mainly concen-

trated on islands, peninsulas, rocky cliffs, and mountain peaks. Endemism at the

higher level is highly limited. The Mediterranean only harbors two endemic fam-

ilies (Aphyllanthaceae and Drosophyllaceae), both represented by single species,

Aphyllanthes monspeliensis L. (consumed as food in Spain) and Drosophyllum
lusitanicum Link. On the other hand, the Mediterranean region is well known for

its tree richness and a high degree of arboreal endemism (290 indigenous tree

species with 201 endemics) [51].

The boundaries of Mediterranean are somewhat diffuse. The Alps to the

North and the Caucasus harbor many Mediterranean species. The Sahara and

the Irano-Turanian steppes merge with the driest Mediterranean areas.

The principal foci in the Mediterranean biodiversity are 14 regional mini-

hotspots (fig. 3), characterized by areas of high plant richness and narrow

endemism of �10%: (1) the Atlas Mountains in North Africa; (2a) the Baetic

and Sub-Baetic range in Southern Spain; (2b) the Rif (two coastal strips of
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Fig. 3. Synthetic map of the 14 first micro hotspots of plant biodiversity in the

Mediterranean basin: (1) the Atlas Mountains, (2a) the Baetic and Sub-Baetic range in

Southern Spain, (2b) the Rif, (2c) massifs of Gudar, Javalambre and Serranía de Cuenca, (3)

Pyrenees and neighboring ranges, (4) maritime and Ligurian Alps of the French-Italian bor-

der, (5) Tyrrhenian Islands, (6) Southern Appenins of Italy, (7) Dalmatian coast, (8) Mount

Olympus, (9) mountains of Southern and Central Greece, (10) Crete, (11a) southwest

Anatolia, (11b) Isaurian, Lycaonian and Cilician Taurus, (11c) Levantine uplands (Turkey,

Syria, Israel, Jordan and Lebanon), (12) Troodos mountains in Cyprus, (13) Cyrenaica in

Libya, and (14) the Canary/Madeira Islands (out of the range of the map) [Sources: 51, 52].
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Morocco and Algeria); (2c) massifs of Gudar, Javalambre and Serranía de

Cuenca; (3) Pyrenees and neighboring ranges; (4) maritime and Ligurian Alps of

the French-Italian border; (5) Tyrrhenian Islands; (6) Southern Apennines of

Italy; (7) Dalmatian coast; (8) Mount Olympus; (9) mountains of Southern and

Central Greece; (10) Crete; (11a) southwest Anatolia; (11b) Isaurian, Lycaonian

and Cilician Taurus; (11c) Levantine Uplands (Turkey, Syria, Israel, Jordan and

Lebanon); (12) Troodos Mountains in Cyprus; (13) Cyrenaica in Libya, and (14)

the Canary/Madeira Islands. These 14 areas cover about 22% of the basin’s total

area, yet account for almost 5,500 endemic plants, i.e., about 47% of total

Mediterranean endemics [51, 52].

Plant biodiversity includes also cultivated plants. With respect to crop

plants, the concept of ethnovariety is very useful to tie regional agrobiodiversity

to the general concept of local food. The idea takes cultural concepts about

infraspecific diversity into account and an ethnovariety can best be defined as a

useful taxon (mostly used for food) as it is understood and managed by local

farmers, pastoralists or other users. Of course this includes most of the diversity

of typical Mediterranean crops and fruits such as olive, grapevine, fig, broad

beans, wheat, chards, cabbage as well as wheat, barley, chickpea, peas, oats and

many others.

Importantly, the concept of agrobiodiversity includes not only the presently

widely grown species but also, and especially, ones which have been almost

abandoned and only remain as relict in some rural areas.

Cereal domestication first emerges in the Levantine corridor during the Pre-

pottery Neolithic A period (ca. 10,700–9,300 BP) of the early 10th millennium BC

and is then restricted to a few sites in the Southern and Central Levant for the next

400–500 years. Domestic cereals appear about 8700 BC, in southeastern Anatolia

and on Cyprus in Early pre-pottery Neolithic B (ca. 9,000–8,500 BP) contexts.

Cyprus is notable for representing the first definite evidence of a targeted migra-

tion by farming communities. Two or three centuries later, around 8500 BC,

Central Anatolia was first settled by agricultural colonists. Finally, at the end of the

8th millennium, agricultural colonists arrived at approximately the same time in

Southern Greece and Crete. A marked feature is the decreasing diversity, including

weedy taxa, as crop packages moved from their areas of origin [53]. This is rele-

vant because nearly 50% GFPs are weedy and were distributed together with the

crop packages. GFPs richness at local level depends mainly on the plant diversity

of an area. This led us to distinguish cryptocrops from weeds. Both are not culti-

vated plants living in crop fields and competing with the main crop. The funda-

mental distinction is the intensity of gathering by man. Cryptocrops are gathered
and used by local farmers in such way that they become a resource for them and a
part of the local environmental management system. They are part of the TKS not
only as a crude material but also as a tool for the complex management of
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secondary habitats. The distinction is not taxonomic but ethnobotanical. One sin-

gle taxon is a weed or a cryptocrop depending on the way it is managed. Many

weeds were first used as a cryptocrop and then became a weed.

It is interesting to note that some weedy GFPs did not move beyond the Near

East, such as Gundelia tournefortii L. (Compositae, Turkish Kenger, Arabic

Akkub, Armenian Kantchar), Bongardia rauwolfii C. A. Mey. (� B. chrysogonum
Boiss.) (Berberidaceae), or Onopordum spp. Others such as Oenanthe pimpinel-
loides L. (Umbelliferae, Greek Sgarantsi, Armenian Dshenshajik) are a more

popular food in the Eastern Mediterranean. The presence in the area of GFP taxa

since the Paleolithic period has been documented through archaeobotanical stud-

ies (fruits, pollen), for genera such as Arctium, Centaurea, Crepis, Picris or

Sonchus [54].

The limits between wild and cultivated Mediterranean food plant species are

often obscure. Hiort [55], Burg [56], Jerlin [57], Salberg [58], under the direction of

Linnaeus, collected examples of, today often forgotten, cultivated taxa used as food

plants from such diverse genera like Campanula, Atriplex, Chenopodium, Rumex,
Urtica, Borago, Sanguisorba, Sorbus, Bunium, Lathyrus, Smilax, Tamus, Arctium,
Portulaca, Carlina, Onopordon, Reichardia, Scorzonera and Tragopogon.

The Mediterranean Diets and GFP Consumption

The term ‘Mediterranean diet’ was coined in the book written by Ancel

and Margaret Keys [59]. Later on, Keys demonstrated that traits, heretofore

considered irrevocable and constitutional, such as body type, blood fat levels

(cholesterol), blood pressure, heart rate, and responses to stress, were, in fact,

largely modifiable by simple changes in the composition and quantity of diet

and physical activity and that traditional Mediterranean diet helps to improve

health parameters [60–62].

Naska [63] (modifying 64) defined nine components of Mediterranean

diet: high consumption of olive oil and low consumption of lipids of animal ori-

gin – expressed in terms of a high ratio of monounsaturated to saturated fat;

high consumption of vegetables; high consumption of legumes; high consump-

tion of cereals (including bread); high consumption of fruit; moderate to high

consumption of fish; low to moderate consumption of milk and dairy products;

low consumption of meat and meat products; moderate wine (alcohol) con-

sumption. One group ignored both by Naska [63] and Trichopoulou et al. [64]

are local food plants, especially GFPs. The different local traditional Medite-

rranean diets include local food plants (especially GFPs) and in many cases

little or nothing is known about their role in these diets and their health-beneficial

effects [65–67].
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Noah and Truswell [65] distinguished various groups of diets in Mediterranean

countries (tables 1a, 7):

(i) Western: Spain, France, Italy and Malta. Consume bread, rice, pasta and

potatoes as staple food, with vegetables and legumes. Cheeses are the most

important item among dairy products. Olive oil is consumed mainly in

Italy and Spain. Pork is the most important meat.

(ii) Adriatic: Croatia, Bosnia and Albania. Has a high consumption of white

wheat flour as bread, also pitta. Dairy product consumption is high (butter,

buttermilk, ricotta, cheese, sour cream, etc.). Olive oil consumption is low

to moderate. Beef is the most important meat.

(iii) Eastern: Greece, Lebanon, Cyprus, Turkey and Egypt. All consume white

flour products. Different sorts of cheese play an important role. Okra

dishes are substantial in summer. Dill, parsley and oregano are essential

herbs. Olive oil consumption is very high in Greece and negligible in

Egypt. Chicken is important in this group.

(iv) North African: Libya, Algeria, Morocco and Tunisia. Eat bread made from

whole meal flour and barley flour. Couscous is eaten more than rice.

Potato, pumpkin and chickpeas are major foods. Dates and date molasses

are essential for this group’s diet. Olive oil consumption ranges from high

to low. Lamb is the most used meat.

Bordering the Mediterranean are the Alps, Caucasus and Sahara. Alpine

diet shows close resemblance with the Adriatic group (table 7) with a high con-

sumption of white flour and dairy products. Low consumption of olive oil is a

rule in the Alps. Beef is the most important meat although pork is also common.

The Caucasus’ diet, far from the typical Mediterranean, included yogurt

and garlic on a daily basis – they chop garlic and add it to yogurt in a dish called

‘Sarimsagli gatig’, used as a condiment. Meat was eaten only in the winter

while green vegetables were primarily eaten in summer. Also consumed are

fruits, including local apples. ‘Bahmaz’ (a concentrate made from white mul-

berries) was widely used [68, 69]. Traditional Caucasian diet (while being

slightly variable it was shared by most ethnic groups of the region) is rich in

milk and dairy products (matsoni – fermented milk, sour milk, butter, butter oil,

cream, sour cream) compared with a standard Mediterranean diet. Other special

features are high level of consumption of saffron, narsharab – boiled pome-

granate juice, and cherry plums (fresh, dried or in form of dried thin sheets

called lavashana) or doshab – boiled grape juice with added clay. It includes

also GFPs, especially greens (tables 8, 9). GFPs are popular items in traditional

recipes of Azerbaijan cuisine [70].

GFPs are present in many traditional dishes, table 6b records a repertory of

traditional dishes with GFPs – some with ritual and religious meaning – in coun-

tries around the Mediterranean. Examples of the general use of GFPs are the
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Table 5. Comparison of GFP diversity in 64 samples from Mediterranean countries and their boundaries. Differences in the area and the

intensity/strategy of research determine significantly the numbers below. Ethnobotanical and ethnopharmacological studies are the basic

sources. CI (% of taxa present in �20 samples/% of taxa in �5 samples*100)

Zones Countries GFPs and % exclusive % (�5 % widespread CI Area References

mushrooms (1 sample) samples) (�20 samples) (1,000 km2)

Lepushe Alps Albania 32 3 6 31 516.7 0.6 [238]

Armenia Armenia 332 0* 43 10 23.3 29 [5, 200, 258]

Alps Austria, France, 358 24 52 10 19.2 290 [87–92, 120,

Germany, 146, 214–218]

Italy, Slovenia,

Switzerland

Azerbaijan Azerbaijan 227 0* 39 12 30.8 86 [5, 243]

Istro-Romanians Croatia 14 0 0 42 – 1 [239]

of Zejane

Cyprus Cyprus 129 13 34 17 50.0 9.2 [77, 171, 212]

Egypt Egypt 60 27 67 3 4.5 997 [202–205]

Corsica France 75 11 29 29 100.0 8.6 [123–223]

Provence France 126 6 23 24 104.4 50 [91, 110, 214]

Savoie France 142 20 50 8 16.0 3 [106]

Georgia Georgia 272 0* 39 11 28.2 69 [5]

Caucasus Georgia, 565 16 59 7 11.9 200 [5, 200]

Armenia, 

Azerbaijan, 

Russia

Crete Greece 200 18 46 15 32.6 8.2 [78, 200, 220, 

256, 257]

Z. Kypriotakis 

[pers. commun.]
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Greece Greece 168 10 32 20 62.5 132 [245–248, 254]

Iraq & Kurdistan Iraq, Kuwait, 88 22 55 7 12.7 450 [189, 190, 196, 200]

Iran

Palestine & Israel Israel, 114 25 55 13 23.6 190 [84, 253]

Palestine

Arbëreshë Vulture Italy 68 4 10 46 460.0 1 [169]

Castelmezzano Italy 63 5 16 38 237.5 1 [230]

Central Italy Italy 111 3 17 27 158.8 3 [153]

Friuli Italy 59 22 36 17 47.2 1 [221]

Galliciano Italy 38 0 8 45 562.5 0.2 [231]

Sardinia Italy 257 14 35 17 48.6 24 [124]

Serchio River Italy 130 3 18 24 133.3 0.5 [235]

(Carfagnana)

Sicily Italy 71 14 34 23 67.6 25 [120–122]

Upper Lucca Italy 68 0 9 38 422.2 0.4 [237]

Jordan Jordan 195 27 59 10 16.9 89 [242, 250, 

251, 261, 262]

Sahara Libya, Algeria, 158 49 87 1 1.1 9,000 [6, 115, 116,

Morocco, 184, 186, 200]

Tunisia,

Mali, Niger

Morocco Morocco 225 28 56 11 19.6 450 [6, 115, 192, 200]

Portugal Portugal 114 1 12 26 216.7 92 [4, 241, 252]

Arabia, UAE Saudi Arabia, 110 65 85 4 4.7 2,300 [188, 191, 200]

& Oman Oman, UAE

Albaida & Spain 96 2 16 29 181.2 1 [229]

Quatretonda

Alcaraz Segura Spain 164 4 34 18 52.9 3 [72, 222]
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Almería Spain 48 0** 40 29 72.5 8.8 [158]

Balearic Spain 38 11 21 26 123.8 5 [153, 165, 224]

Basque country Spain 111 5 14 27 192.9 7 [232–234, 236]

Cabañeros Spain 61 2 14 30 214.3 1.5 [222]

Extremadura (East) Spain 52 8 25 27 108.0 1 [147]

Huerta Murcia Spain 63 8 30 27 90.0 0.4 [144, 163]

Madrid Spain 117 5 22 30 136.4 8 [143, 161, 228]

Mágina Spain 87 8 23 26 113.0 0.4 [160]

Marina Alta Spain 43 5 19 35 184.2 0.4 [152]

Marina Baixa Spain 33 9 21 33 157.5 0.5 [259]

Montseny Spain 78 4 8 35 437.5 0.2 [111]

Navarra Spain 104 0 13 25 192.3 10 [198]

Picos de Europa Spain 134 11 28 22 78.6 4 [156]

Rest of Albacete Spain 97 0 22 25 113.6 11 [9, 72, 222]

Rest of Cuenca Spain 62 0 15 24 160.0 12 [9, 72, 222]

Segovia Spain 64 3 20 31 155.0 6.9 [148]

Serranía Cuenca Spain 147 1 18 22 122.2 5 [9, 72, 222]

Spain Spain 562 12 44 8 18.2 504 [4, 240]

Valencia Spain 120 10 23 25 108.7 25 [166, 226, 227, 260]

Vega Baja Spain 30 7 23 40 173.9 0.8 [157]

Pyrenees Spain, France, 199 6 25 19 76.0 40 [91, 145, 149, 

Andorra 151, 162, 225]

Canary & Madeira Spain, 166 48 62 10 16.1 8 [206–211]

Portugal

Syria Syria 173 6 43 16 37.2 184 [85, 249]

Table 5. (continued)

Zones Countries GFPs and % exclusive % (�5 % widespread CI Area References

mushrooms (1 sample) samples) (�20 samples) (1,000 km2)
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Tunisia Tunisia 125 14 50 14 28.0 160 [6, 200]

Ankara Turkey 50 16 46 24 52.2 10 [182]

Eastern Anatolia Turkey 177 29 58 11 19 200 [181]

Ilica, Erzurum Turkey 42 26 43 17 39.5 1 [180]

Kizilkaya Aksaray Turkey 94 24 49 19 38.8 3 [79]

Mugla Turkey 142 16 46 16 34.8 1 [81]

Turkey Turkey 407 18 54 9 16.7 780 [200, 213, 219, 244]

Western & Turkey 136 10 40 18 45.0 15 [82, 183, 200]

Central Anatolia

Western Sahara Western 38 16 79 0 0 97 [201]

Sahara, 

Morocco

*All taxa from Armenia, Azerbaijan and Georgia are included in Caucasus. 

**Id. Almeria in Spain.
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Table 6. Examples of Mediterranean endemic GFPs – those extending over different contiguous areas are cited in their main area (refer-

ences as in table 5)

Zone Greens, flowers, bulbs and tubers Fruits and grains Spices, herbs and drinks Total 

Spain Andryala integrifolia L., Berberis hispanica Boiss. & Satureja intricata 50

Aphyllanthes monspeliensis L., Reut., Corylus hispanica Miller, Lange, S. obovata 
Asparagus albus L., Asparagus Crataegus orientalis M.Bieb., Lag., Thymus 
acutifolius L., Brassica Malus segurensis Rivera et al., hyemalis Lge., T. 
cossoniana Boiss. & Reuter, Pinus pinea L., Pyrus piperella L., T. zygis 
Bunium macuca Boiss., bourgaeana Decne., P. cordata L., Ziziphora 
Carduncellus dianius Webb, Desv., Quercus ilex ssp. ballota aragonensis Pau, Z. 

Carduus bourgaeanus Boiss., (Desf.) Samp. hispanica L.

Carthamus lanatus L. ssp. 
baeticus (Boiss. & Reuter) N. Br.,

Centaurea diluta Aiton,

Conopodium bourgaei Coss.,

Crocus carpetanus Boiss. & 

Reuter, C. nevadensis Amo,

Cynara baetica (Sprengel) Pau, 

Diplotaxis crassifolia (Raf.) DC.,

Fumaria agraria Lag., Lactuca 
tenerrima Pourr., Leontodon 
taraxacoides Pau ssp. longirostris 
Finch & P.D.Sell, Linaria hirta 
Moench, Mantisalca salmantica 
Briq. & Cavill., Merendera 
pyrenaica (Pourr.) P. Fourn., 

Onopordon uniflorum Cav., O. 
nervosum Boiss., Reichardia 
tingitana (L.) Roth., Salvia 
argentea L., Scorzonera 
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angustifolia L., S. crispatula 
Boiss. ex Willk., Sedum sediforme 
(Jacq.) Pau subsp. dianium 
O.Bolòs., Silene latifolia Poiret, 

Sisymbrium crassifolium Cav., S. 
erysimoides Desf., Sonchus 
crassifolius Pourret ex Willd.,

Stipa tenacissima L., Trachelium 
caeruleum L.

South France Bellevalia romana Sweet, Crocus Quercus cerris L., Quercus Origanum 15

and Italy neapolitanus Mord. et Lois., virgiliana Tenore heracleoticum L.,

Gentiana kochiana Perr. et Thymus pulegioides 
Songeon, Ornithogalum L.

pyramidale L.

Western Allium commutatum Guss., Crataegus azarolus L., Pyrus Crocus longiflorus 30

Mediterranean Asphodeline lutea (L.) Reichnb., amygdaliformis Vill., Ribes Raf., Mentha 
Islands Borago pygmaea (DC.) Chatter & sandalioticum (Arrigoni) Arrigoni requienii Bentham, 

Greuter, Brassica fruticulosa Cyr., Ruta corsica DC., 

Capparis orientalis Veill., Carlina Teucrium marum L., 

hispanica Lam., Chamaerops Thymus 
humilis L., Crepis bursifolia L., herbabarona Lois.

Crocus minimus DC., Cuscuta 
epithymum ssp. corsicana
(Yuncker) Lambinon, Hyoseris 
radiata L., Hypochoeris 
neapolitana DC., Lactuca 
longidentata Moris, Leontodon 
tuberosus L., Linaria reflexa (L.) 

Desf., Morisia monanthos (Viv.) 

Asch., Scolymus grandiflorus 
Desf., Scrophularia trifoliolata L., 

Tolpis quadriaristata Biv., Vinca 
sardoa (Stearn) Pignatti
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Balkans and Allium bourgeaui Rech. f., Allium Arbutus andrachne L., Prunus Origanum dubium 60

Eastern Med. neapolitanum Cyr., Anthemis cocomilia Ten., Pyrus syriaca Boiss., O. onites L.,

Islands melanolepis Boiss., Brassica Boiss., Quercus macrolepis Salvia fruticosa Mill., 
cretica Lam., Bunium ferulaceum Kotschy Sideritis perfoliata L.

Sibth. & Smith, Campanula 
pelviformis Lam., Centaurea 
idaea Boiss. & Heldr., C. 
raphanina Sibth. & Sm., C. 
spruneri Boiss. & Heldr. ssp. 

minoa (Heldr.ex Boiss.) Dostál, 

Cichorium spinosum L., Conringia 
persica Boiss., Cynara cornigera 
Lindley, Echinops spinosissimus 
Turra, Hypochaeris cretensis 
Benth. & Hook.f., Muscari 
spreizenhoferi (Heldr.ex Osterm.) 

Wehrh., Onopordum cyprium Eig, 

Ornithogalum creticum
C.A.Zahariadi, O. nutans L., 

Petromarula pinnata (L.) A. DC., 

Pimpinella peregrina L., Rumex 
thyrsiflorus Fingerh., Scaligeria 
napiformis Grande, Scariola 
acanthifolia (Willd.) Soják, 

Scorzonera cretica Willd., 

Smyrnium creticum Mill., 

Steptorhamphus tuberosus (L.) 

Grossh., Symphytum bulbosum
Schur., Taraxacum aleppicum
Dahlst., T. bithynicum DC., T. 
hellenicum Dahlst., T. 
megalorrhizon Hand.-Mazz.

Table 6. (continued)

Zone Greens, flowers, bulbs and tubers Fruits and grains Spices, herbs and drinks Total 
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Turkey and Allium atroviolaceum Boiss., Amygdalus orientalis Miller, Salvia hypargeia 80

the Levant Atriplex nitens Schkuhr., Arum Berberis crataegina DC, Corylus Fisch. Et Mey.,

conophalloides Schott., A. spp., Crataegus aronia (L.) DC., Satureja thymbra L.,

elongatum Steven., Asparagus C. meyeri Poyark., C. pontica C. Thymus fallax Fisch. 

palaestinus Baker, Beta Koch, Pistacia atlantica Desf., & Mey., T. 
lomatogona Fisch. & Mey., B. Prosopis farcta (Banks & Sol.) longicaulis C. Presl.,

macrorhiza Stev., B. trigyna JF Machr., Prunus divaricata T. sipyleus Boiss.,

Waldst. & Kit., Bongardia Ledeb., P. ursina Kotschy, Ziziphora 
chrysogonum (L.) Spach, Quercus infectoria Olivier, Q. clinopodioides Lam.

Caralluma aaronis (Hart.) NE. ithaburiensis Decne., Q. 
Brown, Centaurea depressa Bieb., pubescens Willd., Q. trojana 
Crocus ancyrensis (Herbert) P.B. Webb. Ziziphus spina-
Maw., C. hyemalis Boiss., Cynara christi (L.) Desf.

syriaca Boiss., Echinophora 
orientalis Hedge & Lamond,

Echinops pungens Trautv., 

Eremurus spectabilis Bieb., 

Gladiolus atroviolaceus Boiss., Iris 
galatica Siehe, Jurinea pontica 
Hausskn., Leontice leontopetalum 
L., Merendera kurdica Bornm., 

Orchis simia Lam., Rheum ribes 
L., Salvia candidissima Vahl., S. 
hyerosolimintana Boiss., 

Scorzonera cana (C.A. Meyer) 

Hoffm., Sempervivum armenum 
Boiss. et Huet, Tragopogon 
buphtalmoides (DC.) Boiss.
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Caucasus Biebersteinia multifida DC., Lilium Corylus spp., Diospyros lotus L., Dryas caucasica 80

spp., Michauxia laevigata Vent., Fagus orientalis Lipsky, Malus Juz., Quercus 
Papaver orientale L., Spinacia orientalis Uglizk., Pyrus spp., iberica Bieb., 

tetrandra Stev. Prunus spp. Vitis vinifera L. ssp. Satureja macrantha 
caucasica Vav. C. A. Mey, S. 

mutica Fisch. & 

Mey., Staphylea 
pinnata L., S. 
colchica Stev., 

Ziziphora tenuior L.

North Africa Aizoon canariense L., Anchusa Acacia albida Del., Aristida Ammodaucus 60

and Sahara aegyptiaca DC., Arum adscensionis L., A. pungens leucotrichus (Coss. 

hygrophyllum Boiss., Asphodelus Desf., Asphodelus refractus & Dur.) Coss., 

tenuifolius Cav., Atriplex halimus L., Boiss., Astragalus lanigerus Desf., Cymbopogon 
Brassica tournefortii Gouan, A. vogelii (Webb) Hutch., schoenanthus 
Caralluma europaea ssp. Dactylotenium aegyptiacum Willd., (L.) Spreng., 

gussoneana (Mik.) Maire, Lolium multiflorum ssp. gaudini Phlomis 
Cymbopogon schoenanthus (L.) Schinz & Keller, Nitraria retusa floccosa D. 

Spreng., Cynara baetica (Sprengel) Pau (Forssk.) Asch. Panicum Don, Salvia 
ssp. maroccana Vicklund, Diplotaxis turgidum Forsk., Pennisetum aegyptiaca L.

douveyreana Coss., D. harra (Forssk.) dichotomum Forssk., Pistacia 
Boiss., Erodium guttatum (Desf.) Willd., E. atlantica Desf., Plantago 
glaucophyllum (L.) L’Hér., E. hirtum ciliata Desf., Pyrus 
(Forssk.) Willd., Euphorbia granulata Forssk., mamorensis Trab., 

Hedysarum carnosum Desf., Launaea Ranunculus macrophyllus 
nudicaulis (L.) Hook., Matthiola livida (L.) Desf., Rhus tripartitum 
D.C., Myrtus nivellei Batt. & Trab., Rumex (Ucria) DC., Tamarix 
tingitanus L., R. thyrsoides Desf., R. aphylla (L.) Karst., 

vesicarius L., Salvadora persica L., Schouwia Ziziphus lotus (L.) Lam., 

purpurea (Forsk.) Schweinf., Silybum Z. saharae (Batt.) Maire

eburneum Cosson et Durieu

Table 6. (continued)

Zone Greens, flowers, bulbs and tubers Fruits and grains Spices, herbs and drinks Total 
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Table 7. Food patterns of Mediterranean countries. Data for Italy, Morocco, Lebanon, Turkey in percentage servings/head/week, Nicotera

in % of g/head/day, Oldways’ in % of total area of the Harvard’s model of a ‘Mediterranean’ diet pyramid [adapted from 65]. Data for Alps [93]

and Azerbaijan (Caucasus) [70] where frequencies are percentage of citation in the recipes for each ingredient. In bold those parameters that are

significantly high

Food types Western Western North Eastern Eastern Adriatic Alpine Caucasian Oldways’

African diet

Area Italy Italy Morocco Lebanon Turkey Croatia & Italy (Trentino Caucasus Nowhere

(Nicotera) Slovenia and Dolomites) (Azerbaijan)

Bread, burghul & pasta 11.16 35.82 14.38 10.17 10.54 9.84 16.60 13.50 26.83
Vegetables 13.30 25.74 9.82 14.05 14.56 17.62 9.98 19.02 20.33
Fruits 19 7.47 21.23 15.71 17.24 11.89 7.98 13.50 13.01

Legumes 10.93 3.69 10.96 15.53 13.60 2.46 0.74 0.61 13.82
Milk, cheese & 5.70 4.14 7.31 8.87 8.62 16.39 24.26 13.50 7.32

dairy products

Alcoholic beverages 3.09 10.71 0 1.48 1.53 1.23 5.57 4.91 0

Meat 11.88 3.06 6.16 4.99 4.60 16.39 9.56 11.66 0.81

Nuts 4.04 0 4.79 8.69 9 1.23 2.63 0 2.44

Sweets 2.61 1.98 3.20 3.51 3.64 8.61 5.04 12.88 0.81

Olive oil 3.09 3.42 0.68 1.48 1.53 1.23 1.68 0 8.13
Fish & fish products 1.90 2.88 2.97 1.48 0.57 1.23 1.58 0 4.07
Eggs 1.90 1.08 1.83 2.40 2.49 0 8.61 9.20 2.44

Coffee 3.09 0 2.97 2.40 2.49 5.33 0 0 0

Suet 1.90 0 2.97 2.40 2.49 1.23 2.10 0 0

Tea 1.90 0 2.97 1.48 1.53 5.33 0 0 0

Honey 1.90 0 2.97 2.40 2.49 0 0.32 0 0

Potatoes 1.90 0 2.97 1.48 1.53 0 2.63 1.23 0

Other vegetable oil 0.71 0 1.83 1.48 1.53 0 0.74 0 0



R
iv

e
ra

/O
b
ó
n
/H

e
in

ric
h
/In

o
c
e
n
c
io

/V
e
rd

e
/F

a
ja

rd
o

5
4

Table 8. Selected examples of traditional local dishes with GFPs in the Mediterranean and surrounding areas (sources as in table 5)

Dishes Country Comments

Turlu? (guevej) Armenia Mixed vegetable dish with baked lamb (a baked stew) (cooked)

Ganancheghen Armenia Green vegetables (cooked)

Kutaby from Azerbaijan Wild greens (cheese-flower, shepherd’s purse, ziziphora, white dead nettle, 

wild-growing plants chickweed, etc.) used as filling of a local type of ‘calzone’

Salada France Non-cultivated edible greens. Cichorium intybus, Lactuca perennis, Campanula 
Campanèla (Province) rapunculus, Plantago coronopus, Valerianella sp., Crepis bursifolia, Urospermum 

dalechampii (cooked or raw)

Romiciata France (Corsica) Pastry filled with Rumex spp.

Suppa d’erbiglie France Soup made with a complex mixture of GFPs: Allium ampeloprasum, Foeniculum 
(Corsica) vulgare, Reichardia picroides, Silene vulgaris, Sonchus spp., and others altogether 

with carrots, onions, potatoes, beans. Is often prepared with rice or with bread crumbs

Xorta, xortopita Greece Autumn horta with edible Chrysanthemum, vinegar and olive oil

Pea shoots, Greece Pea shoots (Lathyrus ochrus), tendrils and buds with tomato and onion

papoules

Melagria Israel Edible roots (Asphodelus microcarpus) the Christian Anchorites used to dig up in the 

Judaean Desert

Merorim Israel Bitter herbs and unleavened bread are served with the roasted lamb in the Passover. 

What kind of salad is intended by the word merorim, which literally signifies, ‘bitters’ is 

not well known. The Jews think: Dandelion Taraxacum spp., chicory Cichorium spp., 

lettuce Lactuca spp., watercress Rorippa spp., sorrel Rumex spp., arugula Eruca
spp., akravnin Scorpiurus spp. The bitter herbs represent the bitterness of life under slavery

Broa Italy Mixed bitter vegetable dish with Papaver seeds and Brassica rapa
(Trentino, Alps)

Pistic Italy A collection of 56 GFPs, which are boiled and then sauted together on occasion of a 

(Western Friuli) spring festival
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Minestra delle Italy Mixed vegetable dish with Borago officinalis, Silene vulgaris, Beta maritima, Carduus 
18 erbe (Barbagia, pycnocephalus, Sonchus arvensis, Diplotaxis muralis, Lathyrus pratensis, Papaver 
selvatiche Sardinia) rhoeas, Rumex conglomerates, R. scutatus and up to 18 different GFP taxa

Arugula Italy Arugula-smothered bean salad with prosciuto

Turione crudo Italy Raw Crepis vesicaria sprouts with Reichardia picroides and Rumex scutatus salad

(Sardinia)

Idam Libya Fat sauce with Rumex vesicarius and Launaea glomerata
(Fezzan)

Bqûla (edible Morocco Malva spp., Silene vulgaris, Portulaca oleracea, Papaver spp. Non-cultivated greens 

wild greens) parboiled and fried, served with preserved lemons and olives

Îggdîwen Morocco Urtica spp., Silene vulgaris, Rumex spp., Papaver spp. Non-cultivated greens 

(edible wild greens) parboiled and fried

Msâhen Sahara Complex seasonign mixture of wild hot herbs and spices gathered in the Sahara 

(Androcymbium gramineum, Acacia raddiana, Centaurea pungens, 
Marrubium desertii, Eremophyton chevallieri, Limoniastrum guyonianum)

Râs el-hanût Sahara Mixture of perfumed spices and wild greens of the Sahara used for seasoning a 

wide range of dishes

Ensalada del campo Spain Wild greens (Sonchus spp., Papaver sp., Cichorium spp., Crepis vesicaria, 

Urospermum picroides, etc.) salad dressed with vinegar and extra virgin olive oil

Cocas and Mintxos Spain Local type in Valencia and Alicante of the Italian calzone and pizza, filled 

with fish and wild greens (Sonchus spp., Reichardia spp., Beta maritima L., etc.)

Chekchoua Tunisia Dish with red peppers, beans and wild greens

Mhammes Tunisia Boiled greens: Urtica pilulifera L.

Mallow leaves Tunisia Mallow leaves with Tunisian spices

Mustard greens Turkey Mustard greens with black-eyed peas and rice
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Table 9. Comparison of ingredient frequencies in traditional recipes from: Mediterranean [71], Trentino

and Dolomites (Italian Alps) [93], Azerbaijan (Caucasus) [70], Castilla-La Mancha (Spain) (only those with

GFPs) [72]. Values in percentage of recipes in which each ingredient is used. Years of co-evolution estimated from

[73, 74]. (AMH � anatomically modern humans). In bold those parameters that are significantly high

Name Years of Relative Relative Relative Relative 

co-evolution with frequency frequency in frequency in frequency 

Mediterranean Mediterranean Trentino and Azerbaijan in Castilla-La

AMH cookbook Dolomites Mancha

Vinegar 4,000 7.38 6.29 20 12.5

(grapes or 

pomegranates)

Wine 5,000 8.81 17.71 0 0

Bread 2,000 7.86 74.29 0 9.17

Rice 2,000 5.48 2.29 25 5

Wheat flour 8,000 7.14 54.86 50 5.83

Cheese 8,000 14.76 25.71 0 0

Eggs 50,000 7.62 46.86 37.5 31.67
Fish 50,000 12.62 8.57 0 2.5

Silene vulgaris 6,000 0 0 0 14.17
Wild fruits 50,000 0 7.43 7.5 6.67
Wild greens 50,000 0 1.14 20 55.83
Wild mushrooms 50,000 0.71 5.14 0 32.5
Beans 500 4.76 4 2.5 11.67
Chick peas 8,000 3.1 0 0 10
Chicken 2,500 8.57 0 5 2.5

Mutton and lamb 8,000 2.62 0.57 42.5 1.67

Pork 8,000 1.9 35.43 0 18.33
Butter 8,000 3.57 73.71 55 0

Extra virgin olive oil 6,000 51.9 9.14 0 89.17
Coriander 4,000 1.19 0 32.5 0.83

Flat leaf parsley 3,000 22.14 20.57 10 3.33

Garlic cloves 4,000 33.1 19.43 10 38.33
Ground black pepper 2,000 38.81 40 55 0

Hot red chili 500 7.86 0 0 0

Lemons 3,000 22.86 15.43 20 0.83

Sea salt 50,000 94.05 76 67.5 88.33
Sweet paprika 500 3.33 2.86 0 13.33
Sugar 1,200 8.81 27.43 52.5 2.5

Onions 3,000 30.71 34.29 57.5 15.83

Potatoes 500 7.62 14.29 5 26.67
Tomatoes 500 22.62 4 15 22.5
Water 50,000 20 20 62.5 41.67
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Ganancheghen (Armenia), Kutaby (Azerbaijan), Salada Campanèla (Provence,

France), Romiciata (Corsica, France), Xorta, xortopita (Greece), Merorim (Israel),

Broa (Trentino Alps, Italy), Minestra delle 18 erbe selvatiche (Sardinia, Italy),

Idam (Fezzan, Libya), Bqûla (Morocco), Msâhen (Sahara), Ensalada del campo

(Spain).

There is relatively abundant information on GFP taxa consumed in the

Mediterranean countries (table 2a). However, data on recipes and frequency of use

are scarce. Table 9 presents a comparison of ingredient frequencies in a standard

reference Mediterranean cook book [71], in a Caucasian (Azerbaijan) collection of

30 traditional recipes [70] and in the repertory of 200 traditional recipes with GFP

species [72] in Castilla-La Mancha (Spain) with the purpose of analyzing the GFP

consumption and its correlation with other foods and ingredients.

A high proportion of eggs and a low proportion of fish, milk and dairy

products are found in the GFP recipes of Castilla-La Mancha. Fish is not easily

available in the inland mountain areas of Castilla-La Mancha and this could

explain its low prevalence, similar to the Azerbaijan’s recipes. High egg fre-

quency in the GFP recipes can be alternatively interpreted either as a cheap and

accessible source of animal fat and proteins or as the use, more interesting, as

traditional detoxifying agent by supplying the organism with cystine (two cys-

teines linked by a disulfide bond). Cysteine is a precursor of glutathione. The

sulfhydryl group of cysteine is responsible for the chemical properties of the

whole glutathione molecule (L-�-glutamyl-L-cysteinylglycine). Hen ovalbumin

contains one cystine disulfide and four cysteine sulfhydryl groups in a single

polypeptide chain of 385 amino acid residues. Are omelettes and scrambled

eggs a way of preventing harmful effects of toxic factors in foods making safer

the consumption of GFPs?

Another interesting point is the use of water for cooking in much higher

proportion (41% instead of 20%) in the GFP recipes.

Another relevant aspect is the high prevalence of ancient food types (esti-

mated interaction time with Mediterranean anatomically modern humans ca.

35,000 years1) in the GFP recipes compared with the standard collection of

recipes by Harmon in 1994 [71]. The standard recipes include in higher propor-

tion post-Neolithic food types. However, and surprisingly, American food

plants (potatoes, tomato, peppers) are much more frequent in the GFP recipes.

Is this reflecting the adaptive value of the local traditional knowledge?

GFP groups seem still difficult to define but some major notes are found

(table 2a). The ‘meadow greens’ that are basic ingredients of ‘Salada campanela’

1Estimated interaction time with Mediterranean anatomically modern humans in years

is based for each food type on different sources Olver [73] and Kiple and Ornelas [74].
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and similar recipes in Romance-speaking countries of the Western Mediterranean

characterize this western type. Although North Africa is not well defined by the

lack of studies it seems that small wild grains (achenes, caryopses, etc.) altogether

with underground parts (bulbs, rhizomes, corms) and ground-level buds and

sprouts (e.g. Phragmites) are much more relevant than in the north. The eastern

type is rich in tender cardoons (that indeed are also consumed in the west). The

Caucasus is again rich in ‘meadow greens’, but the available information does not

provide a clear picture of the Caucasian type.

Comparing Local Cultural, Genetic and 
Ethnobotanical Data

The Eastern Mediterranean
Theophrastus (4th century BC) described results of observation on wild-cul-

tivated plant relationship in Greece. Concerning GFPs he stated: ‘In some cases

however the wild kinds are not in the least like the cultivated in taste and proper-

ties . . . ’ He recognized their suitability for food whether raw or cooked [75].

No single plant family can be named as providing the staple food of classi-

cal Greece. Some of the poorest of country-dwellers may have relied regularly

on acorns – as in many other areas around the Mediterranean Sea. Some pulses

and cereals had a place in the diet that is now difficult to define for lack of evi-

dence. Wild and cultivated vegetables were normally served in classical Greece

as appetizers, side dishes and potherbs, even though those who always went for

fish and meat despised them. Certain vegetables, the sources suggest, were food

only for the poor. Examples include asphodel, wild chervil, chervil, a type of

goosefoot, rocket, nightshade, sow thistle, etc. [76].

Savvides [77] published a selection of 66 taxa of GFPs based ‘on the exist-

ing tradition of Cypriot countrymen, who have been used for thousands of years

as a source of food’ but also on the bibliography and on the author’s personal

life experience on this subject. This list of Cyprian GFPs contains mainly

founder species of the complex of early domesticates.

Kypriotakis [pers. commun.] recorded ca. 150 different GFP taxa in Crete.

Popular accounts of local food plants and recipes from Crete and other

Mediterranean islands are growing in number steadily. Lambraki [78] recorded

100 more or less traditional recipes and 30 beverages in Crete (Greece), based

in personal experience and bibliographic study.

Although Central Anatolia (Turkey) is at the periphery of the Mediterranean

area, the ethnobotanical study carried out by Ertug [79] furnishes an interesting

and detailed recording in some representative small Turkish villages among

the non-Indo-European language-speaking population – with low Central-Asian
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genetic background [41]. The list includes 133 species of GFPs belonging to 31

plant families. Fungi are poorly represented (only 7 species). Further information

is recorded for Samsun [80] and Bodrum areas [81]. Dogan et al. [82] studied 121

wild edible plants, used as food, boiled, fried in fat, and eaten raw or as rolled veg-

etables, in Eastern Anatolia. They are also consumed as pickles, fruits, sweets and

spices, and drunk as cold and hot drinks. Emphazis is given to condiments (fla-

voring ingredients): 30 Labiatae species, 15 Compositae, 13 Rosaceae, 8

Cruciferae, 6 Orchidaceae and 5 Umbelliferae.

The Levant
In the Medieval Islamic Mediterranean cultures the borderline between

food and medicine appears extremely diffuse. Huici [83] recorded many recipes

of ‘functional foods’, viz. dishes especially recommended for pregnant women,

persons with liver complaints, etc. Still in the 20th century complex mixtures of

herbs and spices were used in Palestine and Syria that were consumed as a tea

or beverage for improving health [84, 85].

Content to survive solely on wild flowers and plants, such Anchorites (an

early monastic movement of the pre-Byzantine period) are known in Greek lit-

erary sources as Boskos. The term has a dual meaning: it is the word for shep-

herd, but it can also be employed for describing one whose sole source of

nourishment are wild plants (grazers). The Syrian term raaia has a similar dual

meaning when used in reference to anchorite monks. In the Judaean desert

many Laurite monks, during periods of wanderings, they lived as boskoi, and

their sole source of food were the plants growing wild in the desert (such as

Melagria, Asphodelus microcarpus) [255].

In Jordan [86], 56 wild edible plants are used in local meals either eaten

raw, cooked by boiling in water, fried in fat or baked and the GFPs are then

served as dishes such as stews, turnovers, stuffed and rolled vegetable foods or

as cold or hot drinks for certain occasions and seasons.

The Alps
The Alps extend southwest to east from France, through Switzerland, Italy,

Germany, Austria, Slovenia to Hungary. They are an important refuge for cul-

tural and biological diversity. Linguistic isolates are frequent especially in the

valleys facing south (Ladin speakers in the Dolomites, French, Romanche and

Walser speakers in Val d’Aosta, South Bavarian, German and Cimbrian speak-

ers in Trentino and South Tyrol). GFPs have been recorded in different areas:

Tyroler Alps [87, 88], Aosta [89], Dolomiti [90], Dauphiné’s Alps [91, 92]. The

high wild mushroom consumption and diversity is a typical Alpine feature.

Nearly 250 different taxa of fungi are sold in the market held from June until

November in Trento (Italy) [93]. Nuts, fresh fruits and meadow greens define
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the Alpine GFP type. It is also found in the Pyrenees, Cantabrian range and the

Caucasus (table 2a).

The Caucasus
Recent ethnobotanical studies in the Caucasus are lacking but Grossheim

[5] recorded an exhaustive catalogue of the plant resources (wild and cultivated,

food and non-food). GFPs account over 500 for the whole Caucasus (table 5)

and its regular consumption has been invoked as a reason for centenarians liv-

ing in Georgia and Azerbaijan. Claims – with no reliable documentation [94] –

that some of the oldest people on the earth live in the foothill regions of

Caucasus exist.

The Caucasus exhibits a high degree of linguistic diversity, with four linguis-

tic families (North Caucasian, South Caucasian, Indo-European, and Altaic)

spoken by ca. 50 autochthonous groups. Neither geographic nor linguistic rela-

tionships appear to explain the genetic relationships of Caucasus populations.

Instead, it appears as if they have been small and relatively isolated, and

hence genetic drift has been the dominant influence on the genetic structure of

Caucasus populations [95]. Here Indo-European-speaking Armenians and

Turkic-speaking Azerbaijani are genetically most closely related (for both

mtDNA and the Y-chromosome) to other Caucasus groups and not to other

Indo-European or Turkic-speaking groups. North and South Ossetians that

speak an Indo-European language have a common origin from Iran [96, 97].

Discordance between languages and genes may arise when an expanding lan-

guage is imposed on or adopted by a peripheral population, with only a minor

contribution of expanding genes. A possible historical example is the imposi-

tion of the Turkish language on medieval Anatolians (and Caucasians), whose

genes today are estimated to be derived only 30% from their conquerors’ genes

[49].

Overall, the Caucasus groups showed greater similarity with West Asian

than with European groups, although this similarity was much more pro-

nounced for the Y-chromosome than for mtDNA [98]. To explain why mtDNA

places the Caucasus in an intermediate position between Europe and West Asia,

Nasidze et al. [98] suggest that this reflects a common ancestry of Caucasus and

European populations dated back to the pre-Neolithic times [99].

The Western Mediterranean Europe
The Roman naturalist, Pliny, in his Natural History (1st century AD),

refers to many local Mediterranean food plants either as local ethnovarieties of

cultivated plants or GFPs. Many are interesting examples of shared Mediterranean

local foods. The Greek myrtle (Myrtus communis L.) widely grown and consu-

med in Rome. The grapevine local cultivars in different areas of the Mediterranean
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suggest the setting of a geographical mosaic for Mediterranean agrobiodiver-

sity in Pliny’s time. The acorns, consumed as food and in the Spanish provinces

finding a place in the second course at table, point to the prevalence of food

types now almost abandoned. The truffles, whose African variety is the most

highly spoken of, introduces us to a highly selective gastronomy. The wild and

cultivated bulbs are thoroughly discussed in the Pliny’s work. Thistles are cited

as a most profitable article of trade at Carthage and Cordova (Scolymus and

Cynara GFPs). The excellent qualities of wild sorrel or the chicory or Egyptian

wild endive are described [100–102]. A careful analysis of Pliny’s Natural

History would give us a novel perspective for present-day ethnobotanical data.

However, the exact botanical identity of the plants he cites remains a serious

problem. Österman [103], under the auspices of Linnaeus, provided an interest-

ing analysis of the foods, particularly plants, consumed by the Roman and

Greeks: with GFPs such as acorns, mallows, amaranths, borage, orach, aspara-

gus, arugula, and others.

Ignacio Jordán de Asso [104] recorded in his synopsis some GFPs collected

in Aragon (Spain) (table 10). He also refers for uses and names to a previous man-

uscript by Cienfuegos (17th century) [105]. Chabert [106] comments on the prob-

lems experienced by the French botanist Villars relating to his ‘Catalogue of Food

Plants’ [107]. The reputed scientist compiled an exhaustive list of wild food plants

(including famine food) of French Dauphiné, whose publication was badly

received and led him to resign his chair as professor of botany in Grenoble. Under

the French Revolution, famine threatened France but people at the major cities

disliked the consumption of wild vegetables as an alternative for food and espe-

cially bread shortage. Notwithstanding, the diversity of local food plants was high

in the times of Villars and still in those of Chaubert [106]. Gaut [108] described a

Provençal country salad comprising a high number of species: Rumex spp.,

Apium graveolens, Tragopogon pratense, Silene vulgaris, Portulaca oleracea,
Urospermum picroides, Centaurea cyanus, Scorzonera laciniata, Sanguisorba
minor and many others. This is reported by Réguis [109] under the names of

‘Salado campanello’ or ‘Saoutourno’. Chauvet et al. [110] focused again on over

50 species of greens traditionally consumed in Occitan areas (southeastern

France) under the name of ‘Ensalada campanèla’ or field salad. This idea of a

wide diversity of salad plants collected from the fields but including exclusively

non-cultivated plants (wild and weeds) is found repeatedly in the Western

Mediterranean. Thus in Murcia (Spain) we found again under ‘Ensalada del

campo’ and ‘Ensalada de la huerta’ an extraordinary compendium of GFPs similar

to those recorded in Languedoc and Provence and in Valencia as ‘Camarotges’.

Bonet and Vallès [111] in an ethnobotanical survey carried out in the mas-

sif of Montseny (Catalonia, Spain), recorded the different ways of preparation,

preservation and consumption of 132 GFP taxa.
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Table 10. Local GFPs in Aragon (Spain) recorded by Asso [104]

Plants and fungi Local name Data on uses Family

Chenopodium bonus-henricus L. Serrones Plant consumed Chenopodiaceae

Eryngium campestre L. Cardo corredor Roots sweet, eaten Umbelliferae

Bunium bulbocastanum L. Bulbocastaña Roots edible Umbelliferae

Rumex scutatus L. Acedera Tender leaves consumed, and sold in the Polygonaceae

market of Zaragoza

Rumex acetosa L., R. acetosella L. – Tender leaves edible Polygonaceae

Arbutus unedo L. Madroño Fruits edible Ericaceae

Portulaca oleracea L. Verdolaga Consumed in salads Portulacaceae

Lepidium sativum L. Mastuerzo Consumed in salads Cruciferae

Scorzonera laciniata L. Farfallas Leaves edible Compositae

Chondrilla juncea L. Achicorias dulces Consumed in salads in Spain Compositae

Cichorium intybus L. Achicorias amargas After boiling leaves consumed in salads Compositae

Scolymus hispanicus L. Cardillos It is eaten in Spain, boiled with meat Compositae

(the leaf rachis?)

Sanguisorba minor Scop. Pimpinela Consumed in salads called ‘Ensalada Italiana’ Rosaceae

Bryonia cretica L. ssp. dioica (Jacq.) Tutin Nueza blanca Sprouts consumed in omelets Cucurbitaceae

Celtis australis L. Almez, lodoño Children eat the fruits Ulmaceae

Carlina acanthifolia All. Cardo aljonjero Receptacle consumed Compositae

Calocybe gambosa (Fr.) Donk Cagarrias Edible, delicious Agaricaceae

Terfezia claveryi Chatin Criadillas de tierra, The largest in Spain come from Murcia but those Terfeziaceae

turmas smaller are also delicious 



Gathered Mediterranean Food Plants 63

In Western Europe during the LGM, the Iberian Peninsula was a refuge for

plants and humans. Here demographic factors associated with contraction, isola-

tion, subsequent expansion and gene flow episodes have contributed complexity

to its population history of a limited heterogeneity in the region. These results

indicate that neither old or recent Levantine expansions nor North African con-

tacts have influenced the current Iberian Y-chromosome diversity. Since the col-

onization of the Iberian Peninsula by modern humans (13,000–25,000 BC) the

evolution of the Cantabrian area, in particular Galician and Basque country pop-

ulations, seems to be genetically very homogeneous [112].

Mitochondrial DNA analysis of Atlantic European samples detected sig-

nificant latitudinal clines for several clusters. An important gene flow from

Africa was detected in Atlantic part of the Iberian Peninsula. Specific sub-

Saharan lineages appeared mainly restricted to Southern Portugal, and could be

attributed to historic Black slave trade in the area and to a probable Saharan

Neolithic influence. Haplotypes of specific North African origin have only

been detected in the Iberian Peninsula northwards from Central Portugal.

González et al. [113] reject the proposal that only historic events such as the

Moslem occupation are the main cause of this gene flow, and instead proposed

a pre-Neolithic origin for it. However, Comas et al. [114] (analyzing insertion

polymorphisms in several northwestern African and Iberian populations) show

a clear differentiation of northwestern African and Iberian groups of samples,

suggesting a strong genetic barrier matching the geographical Mediterranean

Sea barrier. Some degree of gene flow from sub-Saharan Africa can be detected

in the southern part of North Africa and in Saharawi and southeastern Moroccans,

as a result of a continuous gene flow across the Sahara desert.

North Africa and the Sahara
Bellakhdar [115] includes an exhaustive analysis of GFPs in Morocco

within his monograph on medicinal plants. He included not only medicinal

GFPs but also those consumed as food without any known medicinal use. Gast

[116] exhaustively reported on 80 species of wild vegetables and grains (ca.

20% of the vascular flora) of famine food plants of the Central Sahara in the

Ahaggar region occupied by Berber groups. Seasonal food shortage leads to a

famine period from December to March. North African and Saharan types of

GFPs coincide in the Maghreb countries but are markedly distinct. The Saharan

type markedly excludes most of the commonest GFP taxa that occur in the

Mediterranean. Those present in �33% of samples in table 5 are not consumed

in the Sahara.

Nebel et al. [117] show closest relationships between northwestern Africa,

the Southern Levant and Yemen studying the frequencies of Y-chromosome

Eu10 haplotypes. Mitochondrial DNA transit between West Asia and North
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Africa has been inferred from U6 haplotype phylogeography. It spread to North

Africa from the Near East around 30,000 BP [118].

In general the refugia during the LGM acted here not only for humans but

also for GFP species that in warmer periods spread northwards to areas that

became free of ice and southwards in the areas left by the recession of the

Sahara desert. This suggests a Western Mediterranean and North African refuge

area for wild greens and fruits in a similar way as for humans. This included

species such as Scorzonera hispanica L., Papaver setigerum DC, Pinus pinea
L., Quercus ilex L., and others.

Mediterranean Isolates: Outliers and Islands
Giuseppe Pitre in his Sicilian Folk Medicine noted that in Sicily the people

eat just enough to enable them to work and to live, their food being basically

vegetables (wild and cultivated) with low consumption of meat [119]. Presently,

consumption of GFPs is particularly common, in particular near the Etna, in

Catania [120–122].

The soup of wild herbs [123] is a typical Corsican dish with variable

recipes, comprising a wide repertory of weeds and meadow greens: especially

Reichardia picroides Roth but also Silene vulgaris, Allium triquetrum L.,

Borago officinalis L., and Rumex acetosella L., etc. Furthermore, other local

plant foods are described.

Sardinia has the highest proportion of GFPs (257 taxa for ca. 2,100 in the

vascular plant flora) in all the areas analyzed (table 5) [124]. The repertory of

GFP recipes and local names is extremely diverse here, including the complex

‘minestra delle 18 erbe selvatiche’ at Barbagia [124–126]. Liquors are here tra-

ditionally made with white and blue fruits of Myrtus communis [S. Ríos, pers.

commun.].

The prevalence of extreme longevity (on the island of Sardinia) or the

healthy ageing (Crete) among the islanders of the Mediterranean resulted in

considerable research interest in their genetic traits but also on their lifestyle

and local food. An epidemiological study in all 233 centenarians living in

Sardinia [127] showed that the prevalence of centenarians was 13.56 per

100,000, and the female/male ratio was approximately 2, instead of 5 found in

other countries with reliable data [128, 129]. Passarino et al. [130] analyzed a

sample of 40 centenarians and 116 young controls from Sardinia, using a set of

new Y-chromosome binary markers. The results indicate that none of the seven

lineages that account for �97% of the Y-chromosome diversity in Sardinia pro-

vide an advantage with respect to the extreme longevity. Therefore, the authors

conclude that there is no evidence for a genetic origin of longevity. Their results

also indicate that the Sardinian population had two main founder populations

that have evolved in isolation for at least the last 5,000 years.
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The three main Mediterranean islands (Corsica, Sicily and Sardinia) show

evidence for different patterns of human peopling, with Corsica and Sicily

closely associated with neighboring continental populations, while Sardinia

shows a marked feature of isolation, with some possible ancient contact with

the Iberian Peninsula. Approximately 60% of the Sicilian haplotypes are also

prevalent in Southern Italy and Greece. Conversely, the Corsican sample had

elevated levels of alternative haplotypes common in Northern Italy. Sardinia

showed a haplotype ratio similar to that observed in Corsica, but with a remark-

able difference in the presence of a lineage defined by marker M26, which

approaches 35% in Sardinia but seems absent in Corsica. Although geographi-

cally adjacent, the data suggest different colonization histories and a minimal

amount of recent gene flow between them. The results identify possible ances-

tral continental sources of the various island populations and underscore the

influence of founder effect and genetic drift [131].

Conclusions

Ethnobotanical research has identified ca. 2,300 different plant and fungi

taxa, which are gathered and consumed in the Mediterranean. Among these over

1,000 are only consumed in one single zone, therefore are strictly local. The per-

centage of local GFP taxa (present in �5 samples, table 5) is higher in the main

centers of diversity at the periphery of the Mediterranean (Sahara, Alps,

Caucasus, Canary Islands, the Levant). Islands (Sicily, Sardinia, Crete, Cyprus)

also show a high proportion. Endemism of GFP taxa only accounts for a limited

number of these ‘ethnobotanical endemics’ (only ca. 350 are endemic/endan-

gered species). Are thus biological endemics of minimal medico-ethnobotanical

importance? (See Moerman [263] for North America.) On the other hand, only a

few taxa – 30 occurring in �20 samples – are consumed in most of the Medite-

rranean countries. Most have been analyzed in the Local Food-Nutraceuticals

project [10]. These are missing in the Sahara and in low proportion in the

Eastern Mediterranean samples. The ca. 800 GFP taxa that occur in more than

the 5% of localities show a geographical pattern that permits one to recognize

seven geographical groups. These groups show relationships with types of

Mediterranean diet and could also be related with human genetic polymorphism

through long-term co-evolution in a geographical mosaic pattern. Modulating

this co-evolution are nutrients and secondary metabolites present in the GFPs.

The analysis by Simopoulos [132] of �-tocopherol, total phenols, antioxi-

dant activity and antiradical power of Cretan GFPs which were studied as part

of the Local Food-Nutraceuticals project, focus on the promising features as

food of these scarcely known species. Wild edible plants contain altogether
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nutritional (vitamins, fatty acids, etc.), medicinal substances and toxic factors

(oxalic acid, nitrate, erucic acid) [133–135]. Tumino et al. [136] have found the

GFPs traditionally eaten in Ragusa Province (Italy) to be an important source of

dietary antioxidants, as did Pieroni et al. [137] with those consumed by ethnic

Albanians in Southern Italy.

The results of the Local Food project [10] are an excellent example of the

complex interactions between GFPs and human metabolism.

The integration of genetic and cultural diversity in terms of food and food

patterns is still a major endeavor. As pointed out many times, there is an inex-
tricable link between cultural and biological diversity. This principle was first

formulated at the 1st International Congress on Ethnobiology in Belem in the

year 1988 (138: 208 and passim). Here we show the complexity of these links,

which are crucial for understanding the interaction between humans and their

environment and will require an integration specifically of genetic, ethnobio-

logical and epidemiological research. More specifically, determining in detail

the relationships between cultural and genetic features of the different ethnic

groups around the Mediterranean and their food preferences can help to assess

more clearly potential health benefits of the Mediterranean diets.
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Abstract
Ethnobotanical approaches to the study of Mediterranean food plants offer novel ways for

analyzing and preserving traditional knowledge and agrobiodiversity in the Mediterranean area.

This article highlights our strategy to increase the awareness within traditional knowledge sys-

tems and encourage the continuous evolution of it, avoiding the loss of substantial parts of the

local cultural and biological diversity. The strategy is part of a broader stream of thought, which

does attempt to disseminate information locally in a multitude of ways, e.g. through a range of

publications in rural or urban zones, to people with or without formal education, to children or

the elderly. This article is a very personal account of the experience of the authors, but there is

an urgent need to assess the impact of such activities on a broader level, and, also, to reassess the

impact researchers have on the communities. Our clear impression in all field sites has been that

the simple fact that such traditional knowledge systems are the focus of scientific investigation

are an essential element of giving renewed sociocultural value to such knowledge and that activ-

ities like the ones described here are of great interest to the communities we worked in.

Copyright © 2006 S. Karger AG, Basel

Knowledge emerges out of a complex process involving social, situational,

cultural and institutional factors. The process takes place on the basis of exist-

ing conceptual frameworks and procedures and is affected by skills, orienta-

tions, experiences, interests, resources and patterns of social interaction. Moreover,

knowledge is constructive in the sense that it is the result of a great number of

decisions and selective incorporations of previous ideas, beliefs and images, but

at the same time destructive of other possible frames of conceptualization and

understanding [1].
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Local knowledge – knowledge that is unique to a given culture or society –

seemingly contrasts with the scientific and technical international knowledge

system generated by universities, research institutions and private firms. Local

knowledge is the basis for local-level decision-making in agriculture, health

care, food preparation, education, natural-resource management, and a host of

other activities in rural communities [2]. In real life though, the difference

between traditional and scientific knowledge is not that great. Freeman [3]

argues that both types of knowledge rest on the systematic gathering of empiri-

cal observations. The main difference lies in the methods used for collection

and analysis of data. Scientific knowledge needs a wide range of methodical

observations to establish a model of a situation, for instance to estimate the

development of a certain stock of animals within an ecosystem. Before a biolo-

gist can come to a conclusion about the development of the stock, he must col-

lect great amounts of quantitative data over some time. A local fisherman, who

is familiar with the area, will react spontaneously to observations that deviate

from the usual pattern. He will be observant to qualitative changes, signs that

indicate that something unusual is happening. He will interpret such signs

within the context of his experience and traditional knowledge (TK), and

discuss his interpretations with fellow fishermen and neighbors.

There is consensus amongst scientists using various terms that local knowl-

edge: (i) is linked to a specific place, culture or society; (ii) is dynamic in nature;

(iii) belongs to groups of people who live in close contact with natural systems,

and (iv) contrasts with ‘modern’ or ‘Western formal scientific knowledge’ [1].

Most traditional knowledge systems (TKS) are oral-based, often revealed through

stories and legends.

For these reasons, it is often difficult to transmit ideas and concepts to

those who do not share the language tradition and cultural experience. When

language is threatened or diminished the cultural transmission of TK is jeopar-

dized. Local food plants and particularly gathered food plants (GFPs) [4] con-

stitute a good practical example of TK. People do not eat all ‘edible’ plants

available in their environments but only a small part of this flora. What makes

the difference is the cultural decision that is behind each repertory of GFPs.

There are many different factors that determine the choice of a precise

plant as a food: abundance, availability, cultural preferences, processing tech-

nologies, ability to collect in the optimal period and, last but not least, genetic

features of the consumers (e.g. presence of detoxifying enzymes) that allow the

safe consumption of the plant.

Therefore, in every society, people select a few or some species from the

many potentially ‘edible’ ones. While abundance may be one of the reasons for

selecting a plant as a local food, it is not sufficient and in fact in many regions,

local selection has decided against specific abundant species. Sometimes they
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are only used as fodder, or included in the restrictive group of ‘famine food’, or

simply neglected. Ethnobotany has demonstrated that this selective local profile

of food is found at different scales (local to regional) being part of TKS [5].

There have been many attempts to disseminate results of research or local

development projects, which were headed by academics, church workers, mem-

bers of NGOs and in some countries by state officials (e.g. by institutes involved

in indigenous affairs). Such approaches take a variety of forms and include for

example:

• Books or booklets in the local language written specifically for the com-

munities [e.g. 6–8].

• Electronic media.

• Exhibitions and activities in (local) museums.

• The creation of small community botanical gardens.

• Creating rural dispensaries of herbal products or small-scale industries

producing such products.

While this list is not comprehensive, it highlights the diversity of approaches

used and also that so far this approach has not been critically reviewed and

assessed from an ethnobotanical or ethnopharmaceutical perspective. While in

the following we do not attempt such a comprehensive review, we highlight

the possibilities of disseminating local knowledge using one example – an

European Union-funded project on ‘Local Food-Nutraceuticals’.

The first prerequisite for disseminating knowledge is a substantial body of

knowledge, based on both scientific and local traditional data that ought to be

disseminated. It is fundamental to distinguish the activities within the local TKS

and those outside of it. Ethnobotanical approaches to the study of Mediterranean

food plants offer novel ways for analyzing and preserving TK and agrobiodiver-

sity in the Mediterranean area. Ethnobotany can help to determine precisely

what plants are actually eaten by each ethnic group in a determined geographical

and cultural context, and is therefore a basic tool for a consistent dissemination

of knowledge within the different frameworks of local TKS.

This was the purpose of the Local Mediterranean Food Plants Project

(2001–2004) with the financial support of the European Union (QLK1-2001-

00173). Nearly 150 GFP taxa from Greece, Italy and Spain were investigated in

order to assess their ethnobotanical features as well as their biological activities

[4, 9].

Dissemination Framework

Dissemination activities have been (and will continue to be in the future)

an essential element of this project, which has been described in more detail in
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other contributions to this volume (see Heinrich et al., this volume) and such

activities have been addressed to a variety of groups:

• Inhabitants of rural areas especially in the regions where field studies have

been conducted. These were always in collaboration with local associa-

tions of housewives, ecologists or others. Such specific courses in ethnob-

otany have to be eminently practical, where they are carried out by several

visits to the field with the participants (all of them experts of the place and

therefore potential informants).

• Exhibitions addressed to a wider audience in the cities and networks of

urban communities of the region focusing on various ethnobotanical and

ethnomycological topics. These were carried out in collaboration with the

Spanish (Albacete) Open University (Universidad Popular de Albacete),

the Institute of Estudios Albacetenses, Caja Murcia, the City Council of

Murcia or the Mycological Society of Albacete. A remarkable example is

the community fair of Albacete (September 2000), visited by more than

200,000 people. Associated to these exhibitions are books on plants and

folk medicine [10], aromatic plants [11] and ethnobotany of Albacete [12].

• Workshops with the so-called Third Age, in collaboration with cent-

ers of Attention to the Third Age, of the city councils or the provinces

(Diputaciones).

• Talks addressed to a wide public audience on specific topics of ethnob-

otany or brief courses of medicinal plants or general ethnobotany.

• Pupils and students currently undertaking formal education at primary and

secondary level. With these groups we put into practice many elements of

the ethnobotanical knowledge we had recorded. Specifically the goal was

to promote the transmission of TK within the families, through activities

that require the participation of the elder members in each family.

Overall, these activities are also important to get new contacts, for example

to people with a minimum interest in the topic but usually predisposed to col-

laborate. On occasion, we have met with the contradiction of giving a ‘counter-

information’ when using names of plants or uses, unknown or different to those

that were part of the TK in the locality. This occurs often because substantial

differences are found at very short distance – a few kilometers. However, eth-

nobotanical research is always a two-way process and it would be impossible

and not desirable to avoid it.

Examples of Dissemination Activities in Southeastern Spain

All of the authors who also are members of the educational community,

work in the dissemination of ethnobotanical and related knowledge each one in



Disseminating Knowledge about ‘Local Food Plants’ and ‘Local Plant Foods’ 79

different settings. In the field of the non-formal education, the open universities

(Universidades Populares) offer interesting possibilities to disseminate local

knowledge. Particularly in case of the Popular University of Albacete, introduc-

tory courses offer unique opportunities for interactive exchanges of TK. In case

of vernacular names of plants, those collected in the area were disseminated,

avoiding the bibliographical ones. Part of the programme is a 2-year course on

‘Folk Botany’ introducing the different aspects of the ethnobotany of Albacete,

and it also includes practical activities and trips as well as other elements of

applied botany. The sequence of classes is based on the calendar of the nature,

taking advantage of the best moments for each topic. The different didactic

units are conducted at the time points when these activities take or took place

traditionally. Women are in the majority (ca. 80%), this proportion is inversed in

the courses on ‘Fungi’. Participants are usually people with considerable formal

education, with a keen interest in cultural matters and considerable free time.

The average age is around 45 years. In general, they are very actively involved

in the dynamics of the classroom.

Within the program ‘University of the Experience’, dedicated to retired

people, an optional course on ‘Useful Plants’ is offered. The course, with 30

sessions, covers different traditional uses of plants. Here potential informants

(representative of local TKS) usually also participate. The average age is about

70 (65–88) years. The profile is distributed equally between both sexes, with a

particular interest from teachers and retired professors.

In different other short courses, we also use our field and TK data:

• ‘Mushrooms’ focusing on all aspects of mushroom biology and use,

including local names and local uses.

• ‘Uses of the Aromatic Plants’ including practical activities related with tra-

ditional remedies.

• ‘Flora of Albacete’ focusing on relevant plant species in the TKS around

the city of Albacete.

Sánchez et al. [13] provide an excellent and quite early example of the

results of enhancing the communication about TK within the family. Verde and

Fajardo [7, 14, 15] and Verde et al. [16] adapted TK to the curriculum needs and the

educational plans in subjects such as Nature, Physics & Chemistry, and Social

Sciences. Specifically these are now being used as part of the curriculum of

secondary education in the Community of Castilla-La Mancha.

The popularization of printed works and multimedia took us, on the part of

different Center of Professors and Resources of Castilla-La Mancha and Murcia,

to impart formation courses relating to this topic (TKS and Ethnobotany).

Since 1986 a course in Ethnobotany for undergraduate students of Biology

and Environmental Sciences has been offered at Murcia University. Some 1,000

students attended this course in the ca. 20 years it is running. A similar course
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for students of Agronomy has been given in the University Miguel Hernandez

(Orihuela) since 1998. Specific materials were published by Rivera and Obón

[17]. The target of both courses is to introduce students to the basic methodol-

ogy and concepts of Ethnobotany and to promote the transmission of TK. The

practicals include a research project in rural communities that led the students

to discover for themselves the richness of TKS in the different zones. Students

worked mainly in the area of southeastern Spain (Murcia, Almería, Alicante,

Albacete) but also developed projects in other areas of Spain (Cáceres,

Guipuzcoa, Ibiza, Guadalajara, Castellón, Lugo, etc.). Special attention was

recently paid to the ethnobotanical study of immigrants from Ecuador, Morocco

and Algeria, that now account for over 20% of population in many towns of

Murcia and Alicante.

In the dissemination of knowledge, different technical resources have been

used: multimedia, printed, electronic, etc. The approach depended on the cir-

cumstances, resource availability and targeted public:

• Multimedia: water resources [18], plants [19], sustainable agriculture [20].

• Educational material [7, 14–16, 21].

• Booklets [7].

• Books in Spanish: [10–12, 22, 23].

The Dissemination Activities Associated with the 
Local Food-Nutraceuticals Project

As part of the project ‘Local Food-Nutraceuticals’, the dissemination of

local food knowledge in the region of origin has been a crucial part of the pro-

ject and was addressed in a variety of ways (see Heinrich et al., this volume).

The activities are largely based on the knowledge gained during the project

[24]. We developed a strategy of dissemination at different levels including

printed materials, multimedia curriculum materials and exhibitions.

Specifically, part of the project [16] developed curriculum materials for

secondary education entitled ‘La alimentación en Castilla-La Mancha: de la

escasez al desperdicio (el valor de los alimentos locales y su utilización sostenible)’

(fig. 1). This work targets a population of ca. 250,000 children and was

presented to the Certamen de Materiales Curriculares de la Comunidad
Autónoma de Castilla-La Mancha in September 2004 and it received the sec-

ond prize. This book was published as a CD-ROM in 2004 (600 copies). It

includes puzzles with pictures of local foods and local food plants with intro-

ductory texts. The CD is accompanied by an 8-page booklet introducing the

book and the project ‘Local Food-Nutraceuticals’. The distribution to all sec-

ondary education centers in Castilla-La Mancha has been agreed with the
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Regional Minister of Education and its public presentation in Toledo, the capi-

tal city of Castilla-La Mancha. The book contains five didactic units:

• ‘Evolución histórica de los alimentos’ (Historical development of food).

• ‘La alimentación tradicional Castellano-Manchega. La dieta mediterránea’

(The traditional food in Castilla-La Mancha. The Mediterranean diet).

• ‘De la escasez al desperdicio’ (From scarcity to excess).

• ‘Alimentación, nutrición y salud’ (Food, nutrition and health).

• ‘Procesado, conservación y etiquetado de los alimentos’ (Processing, con-

servation and labeling of food).

Each unit includes objectives, contents, activity cards, and a bibliography.

Another book – largely in Spanish but also bilingual (Spanish-English) in

certain parts such as Recipes and Pharmacology – entitled: ‘Guía etnobotánica

de los alimentos locales recolectados en la provincia de Albacete’, is addressed

to the general public [25]. The contributors to the book are members of the

MATERIALES CURRICULARES
“La alimentación en Castilla-La Mancha: de la

escasez al desperdicio. 
(EI valor de los alimentos locales y su utilización

sostenible)”

Autores: A. Verde, J. Fajardo, D. Rivera, C. Obón, C. Inocencio y
M. Heinrich

Dibujos: M. Cifuentes, J. M. Obón
Aplicaciones informáticas: P. Martínez

2� PREMIO (V Certamen de Materiales Curriculares de Castilla-La Mancha)

Fig. 1. Cover page of the multimedia curricular materials developed specifically for

secondary education, as part of the project.
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different partner of the consortium ‘Local Food-Nutraceuticals’. The book con-

sists of two main parts: (1) Ethnobotany, with an introduction, methodology, col-

lection and conservation, guide to plant taxa (145 species), local traditional

recipes (ca. 200 recipes and variants) (bilingual in English/Spanish, translation),

and (2) Phytochemical and Pharmacological Aspects (contributions in English

by different authors from the groups involved) coordinated by M. Leonti and 

M. Heinrich. With Spanish translation by C. Inocencio and D. Rivera.

Other dissemination activities included:

• Participation in the regional activities focusing on the popularization of

science (European Science and Technology Week – Semana de la Ciencia

y la Tecnología 2003 and 2004, Murcia, Spain, November 2003 and 2004).

Posters, multimedia presentations and an open code computer program

(Linux operative system) were used to address primary and secondary

school children. These included puzzles about locally GFPs and local

dishes studied in project ‘Local Food-Nutraceuticals’. The puzzles were

also included in the Murcia University distribution called Caldum 2004.

Some 400 CDs were distributed to the people attending the Fair.

• Participation in the Ninth Mycological Week of Albacete (‘IX Semana

Micologica’, November 8–11, 2004, with seven posters explaining the pro-

ject and the main results focusing on mushrooms as local foods (fig. 2).

• Participation in the Ninth Nutrition and Food Fair in Albacete (‘IX Feria

de Alimentación y Gastronomia’ ‘ALIMENTA’, November 19–21, 2004)

attended by over 20,000 persons with a series of posters.

Fig. 2. Posters exhibited in the Ninth Mycological Week of Albacete (‘IX Semana

Micologica’, November 8–11, 2004) explaining the Local Food Project and the main results,

focusing on mushrooms as local foods.
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• Cooperation with the ‘¿Quieres recuperar los sabores de antaño’, a campaign

organized by the NGO Asociación de Naturalistas del Sureste and Consejería

de Medio Ambiente y Ordenación del Territorio of Murcia focusing on the

local plant food cultivars and the interest of conserving this diversity.

Similarly, a book Ta chòrta on results in a ‘Graecanic’ (Greek)-speaking

community in Italy was published by Sabine Nebel [26], which highlights the

use of food plants in a small community in Reggio di Calabria undergoing rapid

cultural change. Again the specific goal was to disseminate the outcomes of the

research in this region. Ta chòrta roughly corresponds to what the modern

nutritional science nowadays calls green leafy vegetables. During the 8th cen-

tury BC, parts of Southern Italy, as we know it today, were under Greek influ-

ence, and known as Magna Graecia [27]. The Greek influence continued over

centuries until the end of the Byzantine Empire in 1453 AC, also called the

Eastern Roman Empire. During the fieldwork, 48 different wild gathered food

species were identified. Most of the recorded plant species are commonly in use

in Southern Italy and the Mediterranean region. The book is currently (late

2005) distributed in the community and neighboring regions.

Conclusions

This article highlights our strategy to increase the awareness within TKS and

encourage the continuous evolution of it, avoiding the loss of substantial parts of

the local cultural and biological diversity. The strategy is part of a broader stream

of thought which does attempt to disseminate information locally in a multitude

of ways. Naturally, books like Milliken et al. [28], Rivera and Obón [e.g. 22 and

other works by the same group] and Vandebroek et al. [8] are the most widely

accessible works, but multiple examples using diverse media are now available.

Recently, the lack of projects which address the general public especially as

it relates to the dissemination of scientific knowledge gathered about local and

traditional medicinal plants (i.e. in the context of ethnopharmacology) has been

criticized [29]. This is a continuing debate which has raged over many years, but

we argue that in recent years considerable progress has been made and that some

examples of how to achieve this are now available. The goal is to disseminate

knowledge as widely as possible through a range of publications in rural or urban

zones, to people with or without formal education, to children or the elderly. This

article is a very personal account of how to achieve this and the authors’ experi-

ences, but there is an urgent need to assess the impact of such activities on a

broader level, and, also to reassess the impact researchers have on the communi-

ties [cf. 30]. Of course, it is not possible to assess the impact quantitatively, but

our clear impression in all field sites has been that the simple fact that such TKS
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are the focus of scientific investigation and are an essential element of giving

renewed sociocultural value to such knowledge and that activities like the ones

described here are of great interest to the communities we worked in.
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Abstract
In the 21st century, human aging will be one of the biggest challenges for most soci-

eties throughout the world. The decline in human fitness is a typical hallmark of the aging

process. Aside from the cardiovascular system, the brain most often suffers significantly

from the life-long impact of stressors, such as reactive oxygen and nitrogen species.

Oxytosis, i.e. oxidative stress-induced cell death, has been identified to play a major role in

the development and onset of chronic diseases. Foods, especially of plant origin, are rich in

antioxidants and numerous in vivo data suggest that a diet rich in fruits and vegetables sup-

ports the maintenance of animal and human health. These beneficial effects also extend to

the central nervous system, which, due to the presence of the blood-brain barrier, tightly con-

trols the influx of metabolites and nutrients. In earlier studies the impact of antioxidant vita-

mins, such as �-tocopherol and ascorbic acid, on brain health has been of interest. Recently,

the focus moved to assessing the potential of unsaturated fatty acids and secondary plant

metabolites, particularly of polyphenols, to act as neuroprotectants. Considerable experimen-

tal evidence suggests that polyphenols and other plant-derived bioactivities affect animal and

human brain function not only by directly lowering oxidative stress load but also by modu-

lating various signal transduction pathways.

Copyright © 2006 S. Karger AG, Basel

The phenomenon of aging is distinct from most other health alterations as

it affects all members of a species. The aging process is irreversible and

increases the vulnerability to certain diseases. A multitude of aging theories

have been proposed based on either evolutionary, molecular, cellular and

system-based considerations, and although the ultimate causes of aging remain

unknown, recent evidence suggests that aging is presumably triggered by an

interplay of intrinsic (genetic), extrinsic (environmental) and stochastic (ran-

dom damage) parameters [1].

Biological Activities of  ‘Local Foods’
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This chapter reviews possible pharmacological effects of nutrition-based

interventions on one of the most ambitious goals in aging research, i.e. to facil-

itate healthy aging, particularly of the brain. Whereas the in vitro bioactivity of

nutrients (e.g. unsaturated fatty acids, vitamins) and secondary plant metabo-

lites (e.g. polyphenols, carotenoids) associated with healthy aging has been

extensively reviewed in the past [2, 3], deficient knowledge still exists regard-

ing the actual potential of these substances to alleviate aging-linked adverse

health effects in animal and human brain.

Oxidative Stress Theory of Aging

The healthy human body tightly controls a cellular equilibrium between

oxidizing and reducing equivalents. Oxidants consist of reactive oxygen and

nitrogen species (ROS and RNS) either of free radical (e.g. 
�

OH, 
�

OOH, O2
� –)

or non-radical (e.g. ONOO–, H2O2, 
–OCl) nature. The occurrence of these reac-

tive molecules is an attribute of normal aerobic life and some act as important

messengers, such as NO, a potent vasorelaxant [4, 5]. An imbalance in the for-

mation and removal of ROS and RNS, however, promotes the induction of

oxidative stress (fig. 1), an event frequently implicated with the aging process
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Fig. 1. An imbalance in the formation of reactive oxygen and nitrogen species (ROS

and RNS) promotes the induction of oxidative stress. Mitochondria �1 are both the major

source of oxidants and at the same time key target or their deleterious effects. ROS and RNS

are also generated during normal metabolic processes �2 in the cytosol and other cell

organelles. Furthermore, free radicals of exogenous sources �3 , such as HOCl-producing

immune cells, can damage cellular biomolecules, most notably fatty acids, proteins and DNA.
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itself as well as aging-related diseases. Biomarkers of ROS and RNS attack,

such as lipid peroxides, protein carbonyls and damaged DNA molecules, are

hallmark of cardiovascular disease (CVD), cancer, inflammation, dementia and

various other chronic diseases, thus supporting the oxidative stress theory of

aging and its associated morbidities [6].

Among all cellular organelles, mitochondria play the most prominent role

in aging. Mitochondria are both a major source of oxidants and at the same time

key targets for their deleterious effects [7]. Superoxide (O2
�–), for example, is

formed when oxygen directly picks up electrons from complex III and complex

I of the respiratory chain [8]. Thus, a mitochondrium produces about 107 highly

reactive metabolites per day [9]. The loss of mitochondrial function, due to

ROS- and RNS-mediated mtDNA, protein and lipid damage, has been repeat-

edly shown not only in apparently healthy aged animals and humans [10–12]

but also in the onset of common diseases, especially CVD and neurodegenera-

tion [8, 13]. Mitochondrial dysfunction is further characterized by a loss in

mitochondrial membrane potential, an event subsequently leading to a reduc-

tion in cellular energy supply, and a drop in reduced glutathione (GSH), the most

important endogenous house-keeping non-protein thiol antioxidant. Changes in

the mitochondrial membrane potential in turn cause the augmented release of

ROS and RNS, thus kicking off a vicious cycle of oxidative stress and tissue

damage. It is now generally accepted that mitochondria not only take part in the

genesis of cellular damage but also play a pivotal role in the complex pathway

of apoptosis. Mitochondria embody both apoptotic cascade inhibitors (e.g. Bcl-xL,

Bcl-2) and activators (e.g. Bax, cytochrome c). Recent data from animal studies

suggest an age effect on mitochondrial gene expression linked to apoptosis in

mice brain. Numata et al. [14], for example, found in brain of 3- and 12-month-old

SAMP10 mice elevated amounts of cytochrome c whereas the protein mass of

Bcl-2 was reduced compared to control animals. Similarly, Manczak et al. [15]

observed increased cytochrome c levels and DNA damage in 12- and 18-month-old

C57BL6 mice compared to 2-month-old animals.

Although all members of a species age, gender differences have been pro-

posed. Premenopausal women, for example, are at decreased risk for CVD than

males of similar age. High estrogen levels have been suggested to account for

this observation, as estrogen participates in the modulation of mtDNA transcrip-

tion, energy production and mitochondrial antioxidant status. The beneficial

effect of estrogen, however, is lost after menopause resulting in a convergence of

the risk for men and women to develop aging-related diseases [16].

Furthermore, increasing evidence indicates that not only gender differences

but also early events in utero (termed ‘fetal programming’) have profound effects

on aging and long-term health [17, 18]. Maternal hypercholesterolemia has par-

ticularly been associated with accelerated progression of arteriosclerosis in their
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offspring [19]. Recent data clearly suggest that core pathological mechanisms,

especially the inflammatory components, promoting arteriosclerosis are also

involved in the course of brain aging and severe neurodegenerative events, such as

Alzheimer’s disease (AD). This raises the question of whether certain environmen-

tal exposures (e.g. maternal nutrition) during the time in utero pose other possible

risk factors for neurodegenerative events in normal brain aging and beyond [20].

Brain Aging

Human brain aging is typically accompanied by various histological modi-

fications, such as shrinkage of the brain’s gray and white matter volume, as well

as biochemical and molecular alterations [21]. A recent DNA microarray study

of human cortex and cerebellum revealed age-dependent changes in gene

expression for both brain tissues. However, not only did many more genes

undergo expression changes in the cortex than the cerebellum, the gene expres-

sion profiles also differed significantly from those obtained from aged chim-

panzee brain, suggesting distinct species differences [22]. Furthermore, already

early in the aging process, Ca2� homeostasis in the brain begins to be dysregu-

lated. Changes in cellular Ca2� pools in turn affect the activity of mitochondria

and subsequently ROS and RNS formation [23, 24]. The brain is considered to

be especially prone to oxidative stress due to its high oxygen consumption.

Whereas adult human brain accounts for less than 2% of the body weight, it

processes about 20% of basal oxygen consumption, mainly to produce energy

(ATP) via mitochondria. The high number of mitochondria per neuronal cell as

well as the high amount of polyunsaturated fatty acids (PUFAs), which are

prone to undergo oxidative modifications, furthermore contribute to the

increased vulnerability of the brain to oxidative stress [25, 26].

Although the brain contains about 1011–1012 neurons and approximately

twice as many glia cells, neuronal cell death is particularly troublesome as de

novo formation of neurons only proceeds at marginal levels [9, 27]. Therefore, a

wide spectrum of memory and cognitive loss occurs from normal brain aging to

mild impairment, to severe maladies such as Parkinson’s disease and AD [28].

Aside from alterations in cognition, neurological aging often also impairs motor

skills, thus hampering an individual’s ability for a self-determined life (fig. 2).

In order to prevent oxidative damage, the cell has evolved a number of syn-

ergistic defense mechanisms to deal with oxidative stress and oxidative dam-

age. The antioxidant enzymes – superoxide dismutase (SOD), catalase (CAT),

glutathione peroxidase (GPx) and glutathione reductase (GR) – form the first

line of defense. The enzymes act in concert to remove ROS and RNS. Whereas

superoxide dismutases (SOD-1, SOD-2) convert O2
� – to H2O2, GPx and CAT
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are responsible for the removal of H2O2. Although the detoxifying activity of

CAT increases in the presence of high H2O2 concentrations, GPx seems to be

more important for the protection of tissues, especially in the brain where CAT

activity is comparatively low [29, 30].

Further antioxidant support comes from endogenous (e.g. GSH, uric acid)

and exogenous (e.g. vitamin C, secondary plant metabolites) low molecular

weight ROS and RNS scavengers. These molecules are unevenly localized in

vivo. Whereas hydrophobic antioxidants are present in the lipophilic phase of

biological membranes, hydrophilic ones accumulate in the cytosol and extracel-

lular fluids [6, 31, 32]. Albeit not clear whether oxidative stress is cause or con-

sequence of neurodegeneration, the insufficient removal of ROS and RNS

significantly triggers a set of deleterious downstream events: (i) mitochondrial

dysfunction; (ii) glial cell activation; (iii) proteasomal malfunction, and subse-

quently (iv) apoptosis (programmed cell death).

Data from various studies assessing ROS- and RNS-dependent biomarkers

(e.g. nitrotyrosine, NT; malondialdehyde, MDA) indicate that there is an

increase in oxidative stress vulnerability as a function of age. In several brain

regions of adult (4- to 6-month-old) rats, for example, no NT-immunoreactive

cells were found whereas NT immunoreactivity was significantly elevated in

the brain of aged (24- to 29-month-old) rats [33]. Furthermore, Leutner et al.
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Fig. 2. Causes and consequences of aging on cognitive performance and motor

performance.



Plant Foods and Brain Aging 91

[34] detected in young, adult, and aged mice steadily increasing amounts of

MDA, suggesting an age effect on lipid peroxidation. Decreasing MDA levels

with age, however, have recently been reported by our group using another non-

transgenic mouse strain, again pointing to species differences in aging-related

biomarkers [35]. Changes in the efficiency of the endogenous antioxidant net-

work, i.e. modifications in the activity of SOD, GPx, and GR as well as the

amount of direct scavengers, such as GSH, have been detected in aging sub-

jects, too [34, 36, 37]. Comparable modifications in the antioxidant network

and the load of oxidative stress-related biomarkers have been reported for

human and other primate brain samples, particularly when severe neurodegen-

eration occurs [38–41].

As previously stated, cognitive function shows many alternative outcomes

during aging. It is now widely accepted that food and nutrition, in addition to an

individual’s genetic setting, significantly affect the status of brain health.

Impact of Nutrition on Aging-Related Adverse Health Effects

Increasing evidence from epidemiological studies show that a regularly

high dietary intake of fruits and vegetables is associated with reduced burden of

disease [42, 43]. In the Mediterranean basin, particularly in rural areas, wide

parts of populations consume a daily diet rich in foods of plant origin [44–46].

The health-beneficial effects of such a dietary habit were first recognized in the

1950s by the epidemiologist Ancel Keys (1904–2004), who later coined the con-

cept of the Mediterranean diet as a nutrition-based approach for maintaining

human well-being. Keys was the first to link the vast differences in CVD mortal-

ity between American and certain European populations to major dietary differ-

ences. Consequently, Keys and co-workers initiated the so-called 7-Countries-

Study, a longitudinal assessment of anthropometrical, nutritional and disease

parameters in 16 male cohorts originating from 5 European countries, the USA

and Japan [47]. The primary outcome of this research, i.e. the link between low

dietary intake of saturated fatty acids as well as high ingestion of flavonoids and

reduced mortality caused by cardiovascular events [48], provoked subsequent

intervention studies in the past decades. Exchanging the usual Finnish diet for a

Mediterranean type of diet, for example, led to a 20% decrease in LDL choles-

terol in middle-aged men and women [49]. Additionally, the Lyon Diet Heart

Study revealed that consuming a modified diet of Crete significantly contributed

to secondary prevention of CVD in patients with previous myocardial infarction

[50]. In a recent intervention trial, Ambring et al. [51] found positive effects of

a Mediterranean-inspired diet on blood lipids (i.e. triglycerides, cholesterol

and LDL) of healthy subjects whereas vascular function and oxidative stress
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parameters remained unchanged. The latter observations might be due to the

rather young age of subjects (average 43 years) as well as their overall low-risk

profile for CVD. Further proof for a health-beneficial impact of a fruit- and

vegetable-rich diet derives from the EPIC trial, a multicenter, prospective cohort

study in nine European countries, including almost 75,000 men and women aged

60 or more [52]. The authors showed for the first time a significant reduction in

overall death rate resulting from a diet relying on plant foods and unsaturated

fatty acids.

Fatty Acids in Brain Health and Aging

Epidemiological and clinical secondary prevention trials suggest that the

omega–3 polyunsaturated fatty acids (n–3 PUFAs) in Mediterranean diets may

play a significant role in the prevention of CVD [53, 54]. In contrast, informa-

tion on the effects of Mediterranean diet and especially of PUFAs on neuronal

function is still incomplete. However, a recent review emphasized that specific

macronutrients of the Mediterranean diet may act synergistically with other

protective factors, reaching to new therapeutic interventions for cognitive

decline [55, 56]. Monounsaturated fatty acids (MUFAs) and PUFAs represent

macronutrients of the Mediterranean diet that have been studied for central ner-

vous system (CNS) function and neuropsychiatric diseases [57].

PUFAs provided the first coherent experimental demonstration of the

effect of diet (i.e. nutrients) on the structure and function of the brain. It has

been shown that PUFAs could prevent some aspects of CVD. PUFAs also seem

to be involved in some neuropsychiatric disorders, particularly depression, as

well as in brain aging, dementia and AD. The brain, after adipose tissue, is the

organ richest in lipids [58]. Its dry weight consists of approximately 50% of

lipids, 35% of which are PUFAs. Arachidonic acid (AA) and docosahexaenoic

acid (DHA) represent the dominant fatty acid species [59]. PUFAs cannot be

synthesized de novo but can be formed from linoleic acid (LA) and �-linolenic

acid (ALA) (fig. 3). Primrose, sunflower, corn or safflower oil are rich in LA,

while hemp, flax or fish oil, as well as nuts and green leafy vegetables, such as

purslane, are main sources of ALA [59–61]. The estimated daily intake of n–3

PUFAs in Western countries varies largely, but is often below the recommended

dietary allowance. Mean DHA intake, for example, mainly depends on fish

consumption, which differs greatly between countries [57].

By utilizing the two essential unsaturated fatty acids LA and ALA, the

microsomal enzyme systems of mammalian cells desaturate and lengthen the

molecules progressively to form highly unsaturated, long-chained fatty acids

(fig. 3) [59]. However, in contrast to other cell types, neurons appear to be
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unable to carry out fatty acid desaturation and thus depend on preformed long-

chain PUFA supply [62, 63]. Intracellular concentrations of non-esterified fatty

acids and fatty acid acyl-CoA are below 10 �M, a major fraction of which is

bound to specific proteins, i.e. fatty acid-binding proteins. Furthermore, fatty-

acid-CoAs are substrates for neutral lipids, such as cholesterol esters and

triglycerides, and polar lipids, such as phospholipids [64]. The various meta-

bolic products of dietary fatty acids are essential for physiological functions in

the body, especially the central and peripheral nervous system [59]. Moreover,

PUFAs have been shown to participate in the formation of the blood-brain bar-

rier by inducing the assembly of tight junctions that create a rate-limiting bar-

rier to the diffusion of solutes between vertebrate epithelial cells [65]. Like

cholesterol, PUFAs modulate many of the signal transduction mechanisms by

changing the physicochemical properties of neuronal cell membranes: PUFAs

decrease the rigidity and thereby increase the fluidity of biological membranes

[59, 66]. Normal physiological functions of neurons include the transmission of

axonal information, regulation of membrane-bound enzymes and control of

ion channels and various receptors all of which are highly dependent on mem-

brane fluidity [67]. Major biochemical changes in the brain affect neuronal

membranes and influence essential brain functions, such as long-term potentia-

tion, learning and memory, sleep, pain threshold and thermoregulation [56].
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Fig. 3. Metabolism of omega–3 and –6 polyunsaturated fatty acids [59, 148, 149].
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Various neurotransmitters, such as serotonin, acetylcholine or the catechol-

amines, interact with members of a heptahelical transmembrane receptor family

that are G-protein-coupled [59]. Transport proteins can also be modulated

by PUFAs. DHA, for example, inhibits Ca2�-ATPase in neuronal membranes

[59]. A decrease in the ALA series in membranes results in a 40% reduction in

the Na�, K�-ATPase activity of nerve terminals and a 20% reduction in 5�-
nucleotidase activity. However, not all enzymatic activities are affected by altered

membrane fluidity [68]. Small changes in the composition of dietary fat intake

can modify the composition of brain membranes during development [69] and

during the aging process [70]. Table 1 summarizes recently published PUFA

effects on brain function in animal models. Aside from their impact on physic-

ochemical properties of biological membranes, PUFAs also influence brain gene

expression. Two studies by Kitajka et al. [71, 72] demonstrated membrane-

independent effects of PUFAs on brain gene expression in aged rats. Using a

mouse model, Puskas et al. [73] showed that a diet enriched in cholesterol and

DHA induces gene expression changes in encoding of transcription factors and

regulators, fatty acid-binding proteins as well as inflammatory proteins.

Whereas promising data exist with respect to constitutional effects of

PUFAs on behavior, learning and cognition in pups, toddlers and children

[74–78], their impact on human brain function during aging is less clear. Still,

epidemiological and small-scale intervention studies on the association between

diet and cognitive capacity suggest a possible role of PUFAs in maintaining

adequate cognitive function and possibly in preventing or delaying the onset of

cognitive decline [79, 80].

Classical Health Modulators: Vitamin E and Vitamin C

About 30 years after the discovery of the importance of vitamin E (toco-

pherols and tocotrienols) on reproduction in 1922, research shifted the focus on

the free radical scavenging and chain-breaking activity of this lipophilic nutri-

ent [81]. Recently, the role of vitamin E as a signal transduction molecule, par-

ticularly in the brain, has been reported [82, 83].

Based on several epidemiological studies, the health benefits of vitamin E

in humans have been proposed [84–86]. Consequently, animal studies have

been carried out to elucidate the underlying mechanism responsible for pre-

sumed effects on human well-being (table 1).

In the past decades, several groups investigated the impact of vitamin E on

human health using intervention trials. In contrast to the animal studies men-

tioned in table 1, vitamin E supplementation in humans showed no or marginal

positive effects not only on CVD [87, 88] but also on cognitive performance and
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Table 1. In vivo effects of single food constituents on antioxidant and non-antioxidant parameters in animal brain

Reference Intervention Species Dosage Effect on

oxidative other health motor & cognitive behavior1

stress parameters

biomarker

Polyphenols
[150] Apigenin-7 Mouse Apigenin:  N/A N/A Dose-dependent reversal of 

-glucoside & 5–20 mg/kg age- and LPS-induced retention

Quercetin bw, Quercetin: deficits (passive avoidance 

25–100 mg/mg bw & elevated plus maze test) found for

(i.p.; daily; 7 days) both flavonoids

[151] Curcumin Rat 300 mg/kg bw  Brain: lipid Brain: infarct N/A

(i.p.; 30 min after peroxidation ↓, volume ↓,

MCAO) GPx ↑, cerebral edema ↓
proxynitrite ↓

[152] Epigallocatechin Gerbil 2 � 50 mg/kg bw Postischemic Postischemic N/A

gallate (EGCG) (i.p.; 30 min before brain: MDA ↓ brain: edema &

& immediately infarct volume ↓
after ischemia)

[153] Epigallocatechin Rat 50 mg/kg bw Postischemic Postischemic Neurological

gallate (EGCG) (i.p.; after ischemia) brain: MDA ↓, brain: infarct deficit score: �

GSSG to volume ↓
GSH ratio: ↓

[154] Naringenin Mouse 4.5 mg/kg diet N/A N/A Latency time (passive avoidance 

(adult) (oral; daily; test) �; alternation behavior 

3 weeks prior to (y maze) �

scopolamine-

induced amnesia)
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[155] Quercetin Rat 200 mg/kg bw Brain: MDA ↓, N/A N/A

(oral; 2 h prior to nitrite/nitrate ↓,

LPS treatment) phospholipids ↑
Plasma: 

sulfhydryl groups ↑
[156] Resveratrol Rat 30 mg/kg bw N/A Brain: KA-induced N/A

(oral; daily; neuronal

5 days) (hippocampus) 

damage ↓; astrocyte 

& microglia 

activation ↓
[157] Resveratrol Rat 10–20 mg/kg bw Brain: MDA ↓, N/A Retention latency (passive avoidance

(i.p.; daily; 21 GSH ↑ test): �; Transfer latency (elevated

days; days 1 and plus maze test): �

3: STZ injection)

[158] Rutin Rat 40 mg/kg bw TEAC after N/A N/A

(oral; daily; smoke exposure:

2 weeks � plasma ↑,

3 weeks of brain ↓
exposure)

[159] Wogonin Rat 20 mg/kg bw (i.p.; Brain: infarct N/A Neurological score (degree and

30 min before area & volume ↓ duration of forelimb flexion

& 4 h after � forepaw outstretching) �

MCAO)

Table 1. (continued)

Reference Intervention Species Dosage Effect on

oxidative other health motor & cognitive behavior1

stress parameters

biomarker
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Vitamins
[160] Ascorbic Mouse 60 mg/kg bw N/A N/A Transfer latency (elevated plus 

acid (adult) (i.p; daily; maze test): � ; Step-down latency 

3 days) (passive-avoidance apparatus): �

[161] Ascorbic Mouse 266 mg/kg bw Brain: TBARS ↑ N/A N/A

acid (i.p.; daily; 

7 days)

[162] Ascorbic Rat 15 mg/kg bw Brain: SOD ↑, N/A N/A

acid (adult) (30 min prior CAT ↑, GST ↑,

to or post 6 h GSH ↑, MDA ↓
immobilization)

[163] Ascorbic Monkey 500 mg/kg bw N/A Brain: infarct N/A

acid (adult) (5–10 min prior size ↓
to 4 h occlusion 

of major cerebral 

blood vessel and 

subsequent 

reperfusion)

[162] Vitamin E Rat 15 mg/kg bw Brain: SOD ↑, N/A N/A

(�-tocopheryl (adult) (30 min prior to CAT ↑, GST ↑,

acetate) and post 6 h GSH ↑, MDA ↓
immobilization)

[164] Vitamin E Rat No conc. Brain: GPx ↑, N/A N/A

(aged) specified SOD ↑, CAT ↓,

(oral; daily; MDA ↑,

from 4th lipofuscin ↓
month onwards)

[165] Vitamin E Rat 500 IU/kg bw Brain: protein Brain: BDNF Escape latency (Morris water

(adult) (oral; daily; carbonyl ↓ expression ↑; maze) �; Memory retention

2 months) CREB (spatial probe test): �

expression ↑
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Unsaturated fatty acids
[166] n–3 fatty Rat 400 mg/kg bw Brain: MDA ↓, N/A N/A

acids (adult) (oral; daily; GPx ↑, SOD ↑,

(Marincarp 14 days prior to number of

capsule©) formaldehyde BAX-stained

exposure) cells ↓
[167] DHA (� Mice DHA: 2% of diet N/A Brain: Latency (maze test): �

palm oil) (oral; daily; from DHA ↑,

3rd week of age AA ↓
onwards for 

7 months)

[168] n–3-rich Rat Fish oil: 14% Brain (after Brain: infarct N/A

fish oil of diet (oral; ischemia): volume ↓
daily; from TBARS ↑, CAT ↑,

4th week of age SOD ↑
onwards for 

6 weeks prior 

to ischemia)

AA 	 Arachidonic acid; bw 	 body weight; CAT 	 catalase; DHA 	 docosahexaenoic acid; GPx 	 glutathione peroxidase; GSH 	
glutathione; GSSG 	 gluthadione disulfide; GST 	 gluthadione-S-transferase; KA 	 kainic acid; LPS 	 lipopolysaccharide; MCAO 	 middle

cerebral artery occlusion; MDA 	 malondialdehyde; N/A 	 not applicable; SOD 	 superoxide dismutase; STZ 	 streptozotocin;  TBARS 	
thiobarbituric acid reactive substances; TEAC 	 trolox equivalent antioxidant capacity.

1Improvement 	 �; impairment 	 �.

Table 1. (continued)

Reference Intervention Species Dosage Effect on

oxidative other health motor & cognitive behavior1

stress parameters

biomarker
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memory. Whereas modest benefits from vitamin E supplementation have been

reported by Sano et al. [89], Petersen et al. [90] found no benefit of 3-year sup-

plementation with 2,000 IU vitamin E daily in patients with mild cognitive

impairment. The outcome of a recent mice feeding trial, however, supports the

potential of vitamin E as a neuroprotectant and memory enhancer during aging.

Aged male mice receiving vitamin E from 28 weeks of age showed not only a

significantly increased lifespan but also better performance in neuromuscular

function (i.e. tightrope) and exploratory activity (i.e. T-maze) tests. Concomi-

tantly, vitamin E supplementation partially ameliorated brain mitochondrial dys-

function as well as loss in antioxidant enzyme activity [91]. This and other

studies also indicate that the duration of vitamin E supplementation affects study

outcome: short-term supply of elevated vitamin E doses failed to improve cogni-

tive or psychomotor performance of aged mice [92]. Furthermore, the apparent

lack of impact of vitamin E intake on health has been attributed by some

researches to the fact that most studies to date have been assessing the effects of

�-tocopherol. Although �-tocopherol possesses the highest biological activity

and, due to the presence of a specific binding protein, is the predominant form of

all vitamin E derivatives in plasma and certain body tissues, �-tocopherol repre-

sents the most abundant tocopherol in human diets and exerts unique biological

effects, such as inhibition of cyclooxygenase [93, 94]. Moreover, some studies

revealed an inverse link between �-tocopherol and the incidence of chronic

diseases [95]. Data from Vatassery et al. [96] indicate that �-tocopherol can

enter the brain. Also, �-tocopherol and other tocopherol forms rather than 

�-tocopherol alone may be implicated in vitamin E’s protective association with

AD [97]. Besides �-tocopherol, the tocotrienols have also been suggested as

potential neuroprotectants [98, 99].

The impact of vitamin C on health parameters has been extensively stud-

ied, as well, due to its excellent in vitro antioxidant activity and ubiquitous nat-

ural occurrence in plants. Vitamin C acts as a strong hydrophilic antioxidant

because of its reducing properties and affects cell physiology by modulating

signal transduction pathways as well as neurotransmitter synthesis [100]. As

part of the antioxidant network, vitamin C scavenges a broad spectrum of reac-

tive metabolites and regenerates other antioxidants such as vitamin E or 

�-carotene [101]. Based on data from animal and human studies, there appears

to be a higher requirement for vitamin C during aging due to a decline in

the capacity of cells to absorb this antioxidant [102, 103] and its increased

consumption [104]. Vitamin C, entering the brain in its oxidized form, i.e.

dehydroascorbic acid, via facilitated transport [105], reaches neuronal concen-

trations of up to 10 mM [106]. Neuroprotection by vitamin C has been demon-

strated in several recent animal studies (table 1) [101, 107]. As with vitamin E,

while there are only few investigations that have shown a positive link between
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vitamin C intake and cognitive performance [108, 109], there are other publi-

shed data that contradict such beneficial effects [110, 111]. Hence, the apparent

inconsistencies regarding the effect of isolated vitamin C and E supplementa-

tion on brain aging are far from being resolved. Encouraging news come from

recent studies investigating the combined effect of vitamin C and E on cognitive

decline. Data from the Nurses’ Health Study, the Honolulu-Asia Aging Study as

well as the prospective, 5-year Canadian Study of Health and Aging indicate

better cognitive performance in women and men and a reduced risk to experi-

ence cognitive decline, respectively, in humans with a combined use of vitamins

C and E [108, 110, 112].

Putative Novel Neuroprotectants: Polyphenols

The partly disappointing results obtained in intervention studies using

antioxidant vitamins as well as the so-called ‘French paradox’, i.e. the apparent

compatibility of a high-fat diet with a low incidence of CVD [113], directed the

interest to a further class of potentially health-beneficial plant constituents: the

polyphenols (PPs). Widely distributed in the leaves, seeds, bark, and flowers of

plants, several thousand PPs (e.g. flavonoids, coumarins, stilbene) have been

identified to date [114]. Over the past decades, PPs have been shown in vitro to

act as efficient antioxidants, to affect the activity of various enzymes, to pos-

sess hormonal-like activity, to modulate gene expression and to interact with

several cellular receptors, thus indicating potential as anticarcinogenic, anti-

inflammatory, and antineurodegenerative substances [115]. Moreover, PPs are

capable of increasing vitamin E concentrations in vivo [116]. While PPs have

been shown to reach low to medium micromolar concentrations in the circula-

tory system of humans and animals after oral intake [117–122], only a small

number of studies have investigated the actual penetration of PPs into the brain

of supplemented subjects (table 2). No complete picture of the in vivo bioactiv-

ity of PPs has been drawn, but more and more promising data emerge indicating

that PPs might indeed not only influence the aging of the body periphery [123]

but also of the brain. As summarized in table 1, a substantial number of animal

studies showed that PPs have the potential to alleviate the levels of oxidative

stress-related biomarkers, an effect that possibly contributes to the concomi-

tantly observed improvement in cognitive performance. Interestingly, the latter

effects have not only been detected in adult and hence rather healthy, but also in

aged laboratory animals. In contrast, no data exist regarding the effect of PP

supplementation on brain function in humans. Observational studies, however,

suggest a link between dietary flavonoid intake and a reduced risk for the devel-

opment of dementia [124].
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In vivo Effect of Dietary Plant Foods on Brain Aging

Risk factors for cognitive decline, a common occurrence in old age, are

multivariate, hence the potential of several possible prevention strategies,

including the use of antioxidant-rich foods or food supplements, are currently

being tested. A plant-based diet is thought to have played a significant role in

human evolution [125] and the consumption of whole plant foods (fruits, veg-

etables, legumes and nuts) or their extracts (e.g. tea or grape seed extract) has

been repeatedly associated with a decreased risk for aging-related diseases. The

impact of dietary intervention with green leafy vegetables (i.e. spinach), fruits

(i.e. blueberry and strawberry), spices (i.e. garlic), tea, or grape (including red

wine) on biochemical markers and cognitive parameters in animals is summa-

rized in table 3. Moreover, secondary plant metabolite-rich extracts prepared

from non-nutritional plants have also been found to prevent aging-related

increase in oxidative stress and to improve the cognitive performance in aged

animals [126, 127]. Furthermore, in women aged 60 years and above, Lee et al.

[128] observed that subjects of poor cognitive performance in the Mini-Mental

State Examination had significantly lower intakes of vegetables, fruits and

spices that those of the normal score group. Based on data from the Nurses’

Health Study, more than 15,000 women were recruited by Kang et al. [129] for

a prospective assessment of fruit and vegetable intake in relation to cognitive

function. In contrast to fruit intake, total vegetable consumption was signifi-

cantly associated with less cognitive decline. The strongest association was

found with greater intake of green leafy vegetables (e.g. spinach and romaine

lettuce) and cruciferous vegetables (e.g. broccoli and cauliflower).

Mediterranean diets, especially the one traditionally practiced in Crete,

are characterized by a very high alimentary intake of greens [130]. Here, a

Table 2. Presence of polyphenols in animal brain

Reference Species Dosage Outcome

[169] Rat 15 g blackberry extract/kg diet Total anthocyanins:

(oral; daily; 15 days) 0.25 
 0.05 nmol/g tissue

[170] Rat Quercetin: 1% of diet Quercetin and its metabolites:

(oral; daily; 11 weeks) 0.68 nmol/g tissue

[170] Pig Quercetin: 500 mg/kg bw Quercetin and its metabolites:

(oral; daily; 3 days) 0.22 nmol/g tissue

[171] Rat 2% blueberry Several anthocyanins detected in 

(oral; daily; 8–10 weeks) brain tissue
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Table 3. In vivo antioxidant and non-antioxidant effects of fruits and vegetables and/or their derived beverages or extracts on animal brain

Reference Intervention Species Dosage Effect on

oxidative other disease motor & cognitive behavior1

stress parameters

biomarker

[172] Berries Rat 2% of diet (oral; Brain: cell Brain: infarct Post-stroke locomotor activity: �

(blueberry) (adult) daily; 4 weeks prior death ↓ volume ↓
to ischemia)

[173] Berries Rat Extract: 18.6 g/kg Brain: ROS N/A Working memory (Morris water 

(blueberry) (aged) diet (oral; daily; level ↓ maze): �; Psychomotor coordination 

8 weeks) (rod walking and rotarod): �

[174] Berries Rat Extract: 18.6 g/kg Brain: GSH ↑ Brain: �-adrenergic N/A

(blueberry) (aged) diet (oral; daily; receptor function ↑
8 weeks)

[174] Berries Rat Extract: 14.8 g/kg Brain: GSH ↑ Brain: �-adrenergic N/A

(strawberry) (aged) diet (oral; daily; receptor function ↑
8 weeks)

[175] Garlic Mouse Extract: 2% of N/A Longevity Passive avoidance: � (SAMP 8);

(SAMPs) diet (oral; daily; (SAMP 8): ↑, conditioned avoidance: �

8–9 months) brain atrophy: ↓ (SAMP 8); escape latency 

(SAMP 10) (water maze): � (SAMP 8)

[176] Grape Gerbil Extract: 5 g/kg Brain: cell N/A N/A

(seed) (adult) diet (oral; daily; death ↓, 

2 months) microglia 

activation: ↓, 

DNA damage: ↓
[177] Grape Rat Extract: 100 mg/kg Brain: ROS ↓, N/A Memory (T maze): �

(seed) (aged) bw (oral; daily; protein carbonyl: ↓,

30 days prior to thiols: ↑
ischemia)
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[178] Grape Rat Extract: 100 mg/kg Brain: MDA ↓, N/A N/A

(seed) (aged) bw (oral; daily; SOD ↑, CAT ↑,

30 days prior to GPx ↑, GSH ↑,

ischemia) vitamin C ↑, 

vitamin E ↑
[172] Spinach Rat 2% of diet Brain: caspase-3 Brain: infarct Post-stroke locomotor activity: �

(adult) (oral; daily; activity ↓, volume ↓
4 weeks prior cell death ↓
to ischemia)

[174] Spinach Rat Extract: 9.1 g/kg Brain: GSH ø Brain: �-adrenergic Learning (rod-running motor task): �

(aged) diet (oral; daily; receptor function ↑
8 weeks)

[179] Tea Mouse Catechins: 0.02% DNA damage in Cerebral atrophy: Learning: � (11 months of age); 

(green) (SAMP 10) in drinking water rhinencephalon: ↓ ↓ (12 months of age) memory retention: �

(ad libitum; (6 months of age), (12 months of age)

11 months) ø (12 months of age)

[180] Tea Gerbil Extract: 2% in Brain: hydrogen Brain: infarct N/A

(green) drinking water peroxide ↓, volume ↓
(ad libitum; MDA�HNE ↓,

3 weeks prior to DNA damage ↓,

ischemia) cell death ↓
[181] Tea  Mouse 0.2% of diet N/A Brain: AChE Latency time (passive avoidance test)

(unspecified (7 weeks prior to activity ↓ �; alternation behavior (Y maze): �

polyphenols) scopolamine- 

induced retention 

deficit)

AChE 	 Acetycholine esterase; CAT 	 catalase; GPx 	 glutathione peroxidase; GSH 	 glutathione; HNE 	 hydroxynonenal;

MDA 	 malondialdehyde; N/A 	 not applicable; ROS 	 reactive oxygen species; SOD 	 superoxide dismutase.
1Improvement 	 �; impairment 	 � ; no change versus control 	 ø.
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considerable part of the ingested vegetables originates from semicultivated or wild

sources. Interestingly, these plants often show a very high antioxidant activity, an

effect that has been partly attributed to their particularly high polyphenol content

[131, 132]. The EU-funded project ‘Local Food-Nutraceuticals’ aimed to further

elucidate potentially health-beneficial effects of locally grown food plants of the

Mediterranean basin [46]. A subset of a total of 127 plant extracts, i.e. Berberis
vulgaris, Lythrum salicaria, Reichardia picroides, Scandix australis, Satureja
montana, Thymus piperella and Vitis vinifera, showed promising activity profiles

in diverse activities such as free radical scavenging, enzyme inhibition or preven-

tion of angiogenesis (table 4). The identification of several plant extracts signifi-

cantly preventing the occurrence of lipid peroxidation and ROS levels in mouse

brain homogenate is of particular interest in face of potential neuroprotection [133,

134]. Table 5 summarizes in vitro and in vivo (mice feeding trial) effects of

Reichardia picroides extract on brain aging-related parameters. As previously

mentioned, epidemiological data suggest an inverse correlation of plant food

intake and healthy brain aging, an effect that has been linked to both the consump-

tion of fruits and vegetables in general as well as biological effects of certain plant

constituents, such as flavonoids [124, 129]. However, although flavonoids react

rapidly with ROS and RNS in test tube and cell culture models, it is questionable

whether the levels of PPs obtained in human tissue are high enough to significantly

enhance the antioxidant status of the body periphery let alone the brain [135].

Hence, the observed effects of fruits and vegetables on brain function remain unac-

counted for. A series of recent reviews, however, indicate that PPs are more than

Table 4. Activity (selection) of promising extracts prepared from local Mediterranean

plant foods in a free radical scavenging assay (DPPH), a hypochlorous acid-induced oxyhemo-

globin bleaching assay (OxyHb), a xanthine oxidase assay (XO), a myeloperoxidase-catalyzed

guaiacol oxidation assay (G-OH), an antiproliferation assays (BrdU) and an antidiabetic assay

(PPAR�) [for more details, see 133]

Plant food Activity, %

DPPH OxyHb XO G-OH BrdU PPAR�

Berberis vulgaris �50 50–25 �20 �75 30 �75

Lythrum salicaria 30–39 �50 10 �75 n.d. �75

Reichardia picroides 30 �50 �20 �75 �50 �75

Scandix australis 30 50–25 �20 �75 30–50 �75

Satureja montana 30 50–25 �20 �75 n.d. 30

Thymus piperella 30–39 �50 �20 �75 30–50 30

Vitis vinifera �50 50–25 �20 �75 n.d. 30

n.d. 	 Not determined.
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pure antioxidants. Mandel et al. [136], for example, developed a model to illustrate

the neuroprotective activity of catechins based on their modulation of signal trans-

duction pathways (e.g. PKC, PKA, MAPKs), the amount of protective/deleterious

proteins (e.g. Bcl-2, BAX, APP) and mitochondrial activity. Similar properties

have been described for resveratrol and flavonoid-rich extracts such as Ginkgo
biloba [137, 138]. In addition, interaction of flavonoids with receptors regulated by

neurotransmitters might explain some of the effects observed in vitro and in vivo

[139, 140]. Other features of Mediterranean diets, such as the high intake of

PUFAs, are also attracting more and more scientific interest. Wild purslane

(Portulaca oleracea), an excellent source of ALA and antioxidants, is widely used

not only in the Mediterranean basin but also the Asian tropics, Africa and various

other countries. Extracts from purslane possess neuropharmacological effects,

some of which have been suggested to be due to the presence of ALA [141, 142].

A recent review by Yehuda [56] provides an excellent overview on promising

brain-related functions of PUFAs in animals and humans.

Finally, brain aging should not be looked at as an isolated case as mounting

data indicate a strong interplay of the integrity of the body periphery with the CNS.

CVD, for example, appears to contribute to cognitive decline [143, 144].

Consequently, lowering the burden of pathological events contributing to arte-

riosclerosis and other CVD-linked parameters could help maintain a functioning

brain in old age. Several extracts derived from local Mediterranean plant foods

have been found to prevent HOCl-induced, atherogenic modifications of LDL in

vitro. Furthermore, the formation of 3-nitrotyrosine, a biomarker for MPO-medi-

ated NO2
– oxidation, has been reduced in the presence of plant extracts prepared

from Cynara cardunculus and Thymus pulegioides [145]. Also, in elderly but

otherwise healthy women, consumption of spinach, strawberries or alcohol-free

red wine was shown to increase serum antioxidant capacity (SAC). Interestingly,

vitamin C originating from the ingested plant sources as well as changes in urate

status could only partly explain the improved SAC, suggesting that other plant food

Table 5. Effects of an extract prepared from the local Mediterranean plant food Reichardia picroides
on brain aging-related parameters assessed in vitro (mouse brain homogenate) and aged NMRI mice 

(1brain, 2plasma, ex vivo) after a 3-month feeding trial with 100 mg extract/kg bw [S. Schmitt-Schillig,

unpubl. observation]

In vitro Ex vivo

ROS lipid ROS Mitochondrial membrane DNA TEAC2 hydro-peroxides2

level peroxidation level1 potential1 damage1

↓ ↓↓ ↓ ↑ ↓ ↑ ↓
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constituents may contribute to the observed SAC elevation [146]. A recent review

of numerous human experimental studies highlights the positive effect of fruit and

vegetable interventions on various disease-linked biological markers, such as

immune cell activation, platelet aggregation, cholesterol levels and blood pressure

[147]. Most probably, these health-beneficial effects in turn affect brain aging.

Conclusions

The advent of modern medicine and industrial-scale production of staple

food have allowed more and more people to live for eight or more decades. Along

with the rise in life expectancy, the number of people suffering from impaired

brain function has dramatically increased. In addition to the genetic predisposi-

tion, exposure to environmental pollutants, and psychosocial influences, it is now

generally accepted that an individual’s food consumption pattern throughout the

life cycle has a major impact on aging and the development of chronic diseases.

Wild plant foods have contributed to the daily diet since the advent of humankind,

and whereas numerous Western societies exchanged more and more plant foods

with animal products, most Mediterranean populations, especially those in rural

areas, maintained a largely plant-based diet. Convincing evidence exists in terms

of reduced risk to develop CVD in conjunction with Mediterranean diets. Recent

data from animal experiments as well as epidemiological studies indicate that

interventions with plant foods also have a beneficial effect on brain damage and

malfunction during aging [182]. The promising bioactivity profile of several

groups of secondary plant metabolites, especially PPs (e.g. flavonoids, phenolic

acids, coumarins and hydroxycinnamic acids) and isoprenoids, may account for

these positive health effects, although the exact underlying mode of action is still

unclear. Also, more studies considering the interplay of vitamins (C, E, folic

acid), PUFAs and PPs are urgently required to provide insight into the nature of

the effects of plant foods on brain aging and related maladies.
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Abstract
For decades, most of the attention of nutritionists and health professionals has focused

on the impact of the major dietary components, such as the amounts and types of fats, pro-

teins, carbohydrates and fibers, on human health. However, interest in the role of minor com-

ponents is rapidly growing. Many constituents of plants are non-nutritional compounds that

play key roles in plant physiology and interactions with the environment. Over the past few

years, we performed human studies to ascertain the health effects of Mediterranean foods

such as extra virgin olive oil and tomatoes. Recently, we became interested in endothelial

dysfunction and its implications in aging. To study the effects of local food plants on vascu-

lar function, plants were collected in Southern Italy. Extracts were first tested for their

antioxidant activity in a variety of assays. The effects on the production of vasorelaxant fac-

tors were then investigated in cell culture. Finally, aged rats were fed with a wild artichoke

extract and their vasomotion responsiveness was evaluated. In synthesis, the data uniformly

demonstrate that phytochemical components of the Mediterranean diet exert cardioprotective

effects whose mechanisms are being progressively elucidated.

Copyright © 2006 S. Karger AG, Basel

Local Dietary Habits: Past and Present

The human diet has been largely based, until recent times, upon the con-

sumption of natural foods, from animals and plants. Natural foods are not just a

mixture of chemicals, but are made of parts (organs, tissues, and cells) of other

organisms, either plants or animals. Hunter-gatherers from the beginning of

history until recent times, when agriculture was initiated and developed, and

unprocessed food items, directly available in the environment and consumed

immediately or stored for short periods, represented the bases of nutrition. The
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development of agriculture, based on cultivation of edible plants, in addition to

animal breeding has allowed humans to become sedentary and to increase the

global population. However, consumption of wild plants has remained part of

local dietary traditions and habits and is still followed by small population

groups, generally elderly subjects, in local communities. This situation has

been especially maintained in rural communities living in remote areas of the

Mediterranean basin: these habits may have contributed to the healthful effects

of the typical Mediterranean diets. Consumption of certain plants or of selected

parts of them is still part of folk medicine and is used in the treatment of certain

diseases. Although most of this ‘local culture’ has not been subjected to adequate

controlled investigations and to scientific criticism, the concept that micronutri-

ents contribute to the protective effects of these diets is commonly accepted [1].

Nutrition and Human Health: From Physiology to Pathology

For decades, most of the attention of nutritionists and health professionals

has focused on the impact of the major dietary components, such as the

amounts and types of fats, proteins, carbohydrates and fibers, on human health.

However, interest in the role of minor components is rapidly growing. In fact,

the presence of vitamins, provitamins, and a variety of antioxidants from

flavonoids, catechins and anthocyanins to simple phenols in a diet rich in edible

plants is certainly relevant. Many constituents of plants are non-nutritional

compounds that play key roles in plant physiology and interactions with the

environment [2]. More recently, such constituents have been shown to exert

protective effects in humans, as they play a role in the antioxidant defense of the

organism. Moreover, in addition to their mere antioxidant actions, their effects

on various enzyme activities appear to be even more promising: research in this

area should be further extensively promoted. Some of the difficulties in such

studies, however, are related to the complexity of isolating the effects of numer-

ous biofactors present in complex dietcs, e.g. the various compositions [3–8] of

the foods themselves, especially because of the possible synergy between the

various biofactors [9].

It is part of the research strategy in this area to identify, isolate, and test

individual compounds or mixtures of them for their effects on biological sys-

tems, from cellular to animal and, possibly, human studies. Additional relevant

issues in research strategies in this area are: assessment of their bioavailability,

which is dependent not only upon their chemistry, but also upon the matrix in

which they are administered (food vs. formulations), and their associations

[10]; evaluation of the correlations between plasma levels and biological

effects, through the development of appropriate relevant biomarkers [11].
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The chemistry, classification, and sources of potentially bioactive com-

pounds and their consumption by various population groups represent a com-

plex area of investigation, beyond the scope of this chapter, and the reader is

referred to other chapters of this volume and to other authors [12] for this type

of information.

The concept that nutrition plays a major role in controlling cell, organ,

and system function is supported by the impressive alteration of the health sta-

tus of large population groups observed over the last decades in relation to

modifications in lifestyles and dietary habits. The rates of incidence of dis-

eases or syndromes leading to pathologies are rapidly growing not only in

Western nations but also in significant sections of developing countries [13].

These diseases affect the cardiovascular system (atherosclerosis) or lead to

metabolic disorders (metabolic syndrome and associated symptoms, i.e. type 2

diabetes, obesity, hypertension, alterations of lipid and lipoprotein metabo-

lism) and also cancer [14]. Although genetic predisposition might expose

selected individuals, this is certainly not the case for large populations. In fact,

the rapid increments in the incidence of the above-mentioned disorders are

related to major changes in lifestyle, namely dietary habits that took place in a

few decades in large population groups and cannot be attributed to genetic

changes. To quote M.P. Stern: ‘Genetics loads the gun, but the environment

pulls the trigger’.

Studies on the correlations between dietary and lifestyle factors and health

have rapidly pointed the attention to the impact of diet in the area CVD, due to

the continuous exposure of vessel walls to components derived from the diet.

Evidence of the ‘protective’ effects of a diet, namely the Mediterranean diets

and particularly the diet of Crete, has been produced by several studies [15–21].

However, this area deserves further investigation, also because of the number of

factors involved. Moreover, accumulating evidence suggests that the incidence

of ‘classic’ risk factors for CHD, such as blood cholesterol and triglycerides, is

not much different between populations of the Mediterranean region and those

of other areas such as Northern Europe and the USA [22, 23].

More recently, attention to the relationships between the diet and vascular

function, including metabolic parameters, e.g. glycemia and insulin responses,

blood pressure, etc., is being focused on the major functional and metabolic

changes that occur during the postprandial state, a condition that lasts for sev-

eral hours/days in the human [24]. This interest has been sparked by recent evi-

dence that the endothelium is an important barrier that protects against the

development of atherosclerosis. Endothelial dysfunction is a major complica-

tion of atherosclerosis [25, 26] and its incidence increases with age. It is now

clear that oxidative stress plays a significant role in the onset and develop-

ment of endothelial dysfunction. These effects are mediated by a reduced
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production/availability of the vasorelaxant factor nitric oxide (NO) [27–29].

Accordingly, administration of antioxidants, e.g. vitamin C and flavonoids from

tea and wine, has been shown to ameliorate endothelial function and restore

proper vasomotion [29, 30], likely as a consequence of increased endothelial

NO synthase (eNOS) activity.

This chapter focuses on the healthful and cardioprotective effects of com-

pounds that are typically present in Mediterranean foods, such as extra virgin

olive oil, tomatoes and, as part of the ‘Local Food-Nutraceuticals’ project, of

compounds extracted from wild plants which are part of traditional diets.

Local Food Plants and Vascular Function

To study the effects of local food plants on vascular function, plants were

collected in Southern Italy (Castelmezzano) and were dried and extracted with

90% hot ethanol under reflux. The total polyphenolic content of the extracts

was determined by the Folin-Ciocalteau method, using gallic acid as the refer-

ence compound [31]. The extracts were analyzed by HPLC coupled with

ESI and DAD-UV detectors, using a Waters Xterra MS-C18 column and a

H2O:AcN/MeOH gradient elution. Major peaks were identified by comparison

with authentic standards and a database.

The potential to induce vasorelaxation was studied in vitro by the assess-

ment of the production of NO, both in porcine aortic endothelial cells (PAEC)

and in brain cell homogenates, where the use of an NO sensor made it possible

to evaluate directly the release of NO. Furthermore, the production of another

vasorelaxant factor, i.e. prostacyclin, assessed as the formation of its stable

metabolite 6-keto-PGF1�, was evaluated in PAEC [32].

The antioxidant activities of plant food extracts were assessed by using

hypochlorous acid as the toxic agent, as its overproduction has been implicated

in the onset of atherosclerosis and endothelial dysfunction. Thus, we studied the

HOCl-induced modifications of apoproteins, namely of apoB, in isolated LDL

[33].

Supplementation of PAEC with Cynara cardunculus or Thymus pulegioides
extracts (10–6 mol/l gallic acid equivalents) significantly increased eNOS activity

by 234 and 135%, respectively, as assessed by increased conversion of L-arginine

to L-citrulline table 1. This effect was inhibited by co-incubation with L-NNA

300 �M, further suggesting that the tonic effects of plant extracts are due to

enhanced enzymatic activity (table 1).

The production of prostacyclin was also significantly increased (�269 and

�190%, respectively) by C. cardunculus and T. pulegioides supplementation

(table 1).
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Enhanced NO production by C. cardunculus addition was further verified

(in a rat brain homogenate) by a direct method, that is by the use of a sensitive

NO sensor. Co-incubation with cardoon extract 10–5 M increased NO produc-

tion by 35.4%, i.e. from 56.2 � 3.6 to 75.6 � 4.1 nmol/l peak values over a 5-

min time period figure 1. This effect was also inhibited by L-NNA 300 �mol/l.

Western blot analyses of cell homogenates and RT-PCR experiments

demonstrated that eNOS expression was not altered by either extract, indicating

that the stimulating effects on NO production were due to a direct activity on

eNOS activity rather than synthesis [32].

It is noteworthy that recent studies using isolated rat vessels also showed

that C. cardunculus exerts vasorelaxant effects. Most important, feeding studies

confirmed that a C. cardunculus extract can restore proper vascular function in

aged Fisher 344 � BN rats fed the extract (10 mg polyphenols/kg) for 5 days

[34]. These data confirm in vivo the results we observed in vitro and build the

grounds for the formulation of nutraceuticals aimed at maintaining vascular

motility in the elderly.

Protection from HOCl-Induced Amino Acid Modifications

Amino acidic residues of apoB are susceptible to oxidation by HOCl, which

leads to their uncontrolled uptake by macrophages [35]. As shown in figure 2,

addition of HOCl to LDL samples caused the modification of apoB, in particular

Table 1. Effect of local food plant extracts on the production of vasorelaxant factors

(NO and prostacyclin) by endothelial cells

eNOS activity, pmol �L-NNA PGF1�

citrulline/mg protein �g/mg protein

Control 13.4 � 1.3 13.4 � 1.3 138.3 � 5.3

A23187 37.5 � 4.5 37.5 � 4.5 170.6 � 8.6

L-NNA 15.4 � 2.9

LYNC 10�6 M 83.5 � 5.6* 18 � 5.6 372.3 � 9.8*

LTHY 10�6 M 50.6 � 4.3* 20.5 � 4.3 262.6 � 7.6*

Porcine aortic endothelial cells (PAEC) were incubated with C. cardunculus or T. pule-
gioides extracts to determine prostacyclin production and eNOS activity either in the absence

or in the presence of the eNOS inhibitor L-NNA (N-nitro-L-arginine, 300 �mol/l). Prostacyclin

production was assessed as the formation of its stable metabolite 6-keto-PGF1�. Data are

expressed as means � SD, *p � 0.05. From Grande et al. [32].
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a loss of tryptophan and lysine. Co-incubation with Mediterranean wild food

plant (namely C. cardunculus and T. pulegioides) extracts strongly protected LDL

against the loss of tryptophan residues and partly – at higher concentrations – pro-

tected against the loss of lysine [33]. Prevention of the HOCl-induced increase in

1min

20nM NO

A23187

C.cardunculus�A23187

Fig. 1. Real-time representation of the effect of C. cardunculus (10–5 M) on NO pro-

duction by brain cell membranes. NO production was stimulated by the addition of the cal-

cium ionophore A23187 (2 �mol/l) and was continually recorded with an NO-specific

amperometric electrode. From Grande et al. [32].
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Fig. 2. Tryptophan and lysine loss after incubation of human LDL samples with HOCl,

in the presence or absence of local Mediterranean plant food extracts (10–5 M, as moles of

gallic acid equivalents). Data are means � SD. *p � 0.05 vs. LDL oxidized with 100 �M
HOCl. From Schaffer et al. [33].
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REM (fig. 3) was noted for C. cardunculus and resveratrol at 10–5 M, whereas C.
cardunculus, T. pulegioides, lipoic acid, and resveratrol were effective at the con-

centration of 10–6 M [33].

In turn, the studies carried out within the Local Food-Nutraceuticals pro-

ject demonstrate that phenolic-rich extracts of wild plants collected in the

Mediterranean area (Lucania – Southern Italy, Crete, and Segura Valley –

Southern Spain), namely wild artichoke and wild thyme, are able to increase

NO production by stimulated endothelial cells and by a brain homogenate.

Also, they are able to scavenge reactive species, HOCl in particular, that are

implicated in the development of vascular disease.

This finding adds further experimental evidence to the body of basic

research supporting the epidemiological evidence of a lower CHD incidence in

the Mediterranean area. In particular, these data suggest that maintenance of

correct vasomotion by bioactive components from plants in various Mediterranean

regions (Lucania – South Italy, Crete, Segura Valley – Southern Spain) might

contribute to its cardioprotective properties. Among the factors that contribute

to cardiovascular disease, enhanced oxidative stress leading to modification of

LDL or to impaired vascular reactivity does play a role [36], even though the

precise nature and the extent of oxidative damage is yet to be fully elucidated.

Antioxidant therapy, namely with vitamin E, does not appear to decrease ather-

osclerosis and cardiovascular mortality [37] and equivocal results were

obtained in the treatment of endothelial dysfunction [38]. Conversely, clinical

data are supportive of a healthy effect of vitamin C administration [35]. It can

be concluded that water-soluble or amphiphilic antioxidants – acting at the
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Fig. 3. Effects of local Mediterranean plant food extracts (10–5 M, as moles of gallic

acid equivalents) on HOCl-induced changes in relative electrophoretic mobility (REM) of

human LDL. Data are means � SD. *p � 0.05 vs. LDL oxidized with 100 �M HOCl. From

Schaffer et al. [33].
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lipid-water interface – might effectively scavenge free radicals and/or modulate

enzymatic processes relevant to cardiac and vascular functions.

The precise mechanism(s) of action responsible for the enhancement of

NO production are still elusive. However, our data exclude any effect on eNOS

levels and are in agreement with other data that suggest how water-soluble

antioxidants and thiol agents maintain an intracellular reduced environment and

preserve cofactors such as BH4, hence preventing eNOS uncoupling [28] and

facilitating its activity [39–42]. Finally, facilitated hydroxylation of eNOS,

which is the first step in NO production by this enzyme [43], might also explain

the potentiating activities of wild plant extracts, which are rich in o-diphenols

(we have identified luteolin-7-glicoside, apigenin, rosmaric acid, and ursolic

acid in wild artichoke [32]. Ursolic acid is also abundant in nettles and is being

studied for its hepatoprotective and antitumorigenic properties [44].

Olive Oil Minor Components

Diets enriched in olive oil result in decreases in overall cardiovascular risk

when compared to the STEP II American Heart Association (AHA) diet or a

typical Western type diet, while reducing plasma triglyceride levels and not

affecting HDL [45]. Monounsaturated fatty acids have been also shown to

decrease LDL when substituted for saturated fat [46]. As far as the lipid profile

is concerned, olive oil, when consumed on a long-term basis, may also decrease

the in vivo plasma oxidized LDL [47] and act favorably on the LDL and HDL

subclass distribution [48]. In diabetic subjects, olive oil has been shown to

improve the lipid profile [49, 50] and glycemic control [51]. Moreover, in a ran-

domized double-blind study, olive oil was found to reduce blood pressure and

the need for antihypertensive drugs in hypertensive individuals, an effect which

was corroborated by further descriptive studies [52]. Furthermore, olive oil may

have a neutral or modest beneficial effect against various malignancies (e.g.

endometrial and ovarian cancers [reviewed in 53].

Research on the impact of olive oil consumption on CHD and mortality

has expanded over the last decades, but interest progressively moved from the

role of the major component, i.e. oleic acid, to that of the minor constituents,

especially those with potent antioxidant properties, i.e. simple and complex

phenols, that are present in appreciable concentrations in extra virgin olive oils

[54]. In brief, research in this area discovered that phenolic compounds with

catecholic structure, namely hydroxytyrosol and oleuropein, particularly abun-

dant in olives and in part released into the oils, are endowed with potent cardio-

protective activities [55, 56]. These compounds, due to their physicochemical

features, i.e. the relatively high hydrophilic properties, are also released in a
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significant proportion into the water phase that is generated during the process

of oil production (olive mill waste waters) [31]. Recovery of phenols from olive

mill waste waters and assessment of their activities has also been part of a

research project (FAIR CT 97 3039) sponsored by the EEC. Main outcomes

have been reviewed by Visioli et al. [57].

It is noteworthy that hydroxytyrosol and oleuropein are also bioavailable

and exert antioxidant (e.g. reduction of urinary isoprostane excretion in animals

and humans) and other favorable (antithrombotic and anti-inflammatory) activ-

ities in vivo, when administered at doses comparable to those ingested by peo-

ple in the Mediterranean area [58]. Relevant to nutraceutical formulation, it is

worth mentioning that bioavailability of the compounds is greater when ingested

as components of extra virgin olive oil rather than when added to phenol-poor

oils or yogurt [59], possibly because the water residue in extra virgin olive oil

derived from the olive drupe facilitates the suspension and fine dispersion of

these amphiphilic compounds in the oils.

Tomato Products and Lycopene

Extensive evidence shows that tomato consumption decreases the incidence

of certain types of cancer and other degenerative diseases [60]. Indeed, tomato

and its products contain several compounds (vitamin C, folate, polyphenols,

etc.) that might modulate radical-mediated oxidative damage that contribute to

the initiation and progression of chronic disease processes [60]. Moreover,

carotenoids such as lycopene, e.g. �-carotene, phytoene, and phytofluene, are

present in considerable amounts both in fresh tomato (�3.5–5 mg/100 g) or its

products, e.g. puree (�20 mg/100 g) and paste (�45 mg/100 g).

Lycopene accounts for more than 50% of plasma carotenoids [61] and is

also present in other human tissues such as skin, adipose tissue, liver, testes,

adrenal gland, and prostate, as well as being abundant in buccal mucosal cells

and lymphocytes [60]. High intakes of lycopene are inversely associated with

prostate cancer incidence [62] and it is noteworthy that its bioavailability is

higher when it is ingested via cooked food, e.g. tomato sauce or pizza, than

from raw tomato [63]. Phytoene and phytofluene are also present in human

plasma, in concentrations of about 0.1–0.2 �mol/l [64], although only few stud-

ies report their concentration in human cells and tissues.

The consumption of tomatoes and tomato products has been shown to

increase serum lycopene levels [65, 66]. Most epidemiological studies suggest

that high serum lycopene has a protective role against aortic atherosclerosis

[67] and myocardial infraction in smokers [68] while low lycopene levels have

been associated with acute coronary event or stroke [69] and higher intima-media
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thickness in men [69, 70]. Moreover, low adipose tissue lycopene levels have

been associated with increased risk of myocardial infraction in the multicenter

EURAMIC study [71]. Other studies, however, have not confirmed the benefi-

cial effect of lycopene in cardiovascular disease. More specifically, in these

studies the association of lycopene and atherosclerosis risk [72], myocardial

infraction risk [73] or intima-media thickness [74, 75] was not significant.

Intervention studies have shown a lipid-lowering effect of lycopene in doses of

60 mg/day [76] or 20–150 mg/day [65], while its effects on LDL oxidation are

controversial [77]. More clinical trials are needed to elucidate the role of

lycopene and tomato products on human health.

We carried out intervention trials with tomato and its products, providing

healthy volunteers with moderate (7–8 mg/day) amounts of lycopene through

whole tomato, puree, and paste. Albeit no increase in plasma antioxidant capacity

was recorded, in line with other observations, lower isoprostane excretion and higher

resistance of LDL to oxidation was found after supplementation [78, 79].

Interestingly, tomato administration afforded lymphocyte DNA resistance from

oxidation, suggesting that the cancer-preventive effects of tomato consumption

might indeed be mediated by lycopene and other carotenoids [78, 79]. To further

ascertain the role of lycopene in chemoprevention, we undertook an intervention

trial with a soft drink (Lyc-o-mato®) added with a lycopene oleoresin that also

included phytoene and phytofluene (5.7, 3.7, and 2.7 mg, respectively, in addi-

tion to 1 mg of �-carotene and 1.8 mg �-tocopherol/250 ml). We demonstrated

that consumption of Lyc-o-mato® increase plasma and lymphocyte carotenoid

content and the antioxidant defense system of lymphocytes [80]. Thus, this

nutraceutical might constitute an additional or alternative source of bioactive

carotenoids.

Concluding Remarks

In conclusion, several food items typical of the Mediterranean area contain

compounds for which basic research and intervention trials are demonstrating

healthful effects. Formulation of nutraceuticals and functional foods requires

supportive evidence that can only come from a research strategy that starts from

in vitro experiments, moves on to animal studies and ends with controlled

human trials, for which hard endpoints are still actively looked for. Concerning

the cardiovascular system, the most relevant issues in nutraceutical research

are: (a) the assessments of the equivalence, in terms of bioavailability, of

micronutrients administered in different preparations and (b) the correlations

between the doses and biomarker levels, i.e. quantitative measurements of para-

meters that indicate biological (metabolic and functional) processes relevant to
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cardiovascular physiology. This is an area of growing interest for the potential

applications to prevention and treatment of vascular diseases through a ‘nutri-

tional’ approach that requires, however, adequate experimental designs and

updated methodological tools.
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Abstract
The observed growth of cancer incidence in certain regions has been usually linked to

frequent consumption of ‘unhealthy’ food. Such food often contains genotoxic substances as

heterocyclic aromatic amines (HAAs) and/or polycyclic aromatic hydrocarbones (PAHs),

occurring during food preparation, which induce DNA damage in cells. These substances are

mainly formed during frying or grilling of meat and they can be removed from the body in a

two-stage metabolic process of detoxification (phase 1 and phase 2). If they are not excreted,

they form DNA adducts. The effectiveness of detoxification depends on the activity of

enzymes encoded by polymorphic genes. A diet containing plenty of fruits and vegetables,

due to the presence of biologically active polyphenols, can modulate activity of detoxifying

enzymes. Such a diet can decrease the extent of DNA adducts, breaks and oxidative damage,

supporting the body’s enzymatic system in sufficient removal of DNA damage. The antioxi-

dant vitamins’ content in such a diet also enhances the DNA protection by increasing the

scavenging of radical oxidative species that occurs during metabolic reactions. The lack of

balance between the amount of ‘unhealthy’ and ‘healthy’ food leads to the accumulation of

unrepaired damage, initiating DNA instability and inducing cancer development. Such dam-

age is often used as a biomarker of cancer risk in epidemiological studies. Moreover, in in

vitro studies, the amount of the DNA damage is used as indicator of the protective ability

of vitamins, plant extracts and/or individual flavonoids. The incidences of certain dietary-

related cancers in European Mediterranean countries is lower than in Central and Northern

European countries; there is simultaneously variation in the habitual diet in these regions.

This suggests that some features of routine nutrition in the Mediterranean countries may be

responsible for this preventing effect. However, inconsistency in the epidemiological data,

associating the meat and fruit and vegetable intake with cancer risk, suggests that another

strategy for evaluation dietary influence on cancer risk should be undertaken. This article

argues that it is not the consumption of a single food product or an individual component of
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diet, but rather a proper ratio of vegetable to meat consumption that is responsible for cancer

prevention. This hypothesis is tested comparing the association between certain dietary-

related cancer incidences (colon & rectum, breast and prostate cancer), registered in 2002,

with the ratio between consumption of these two groups of food products in the Mediterranean

region and in Central and Northern European region over the last three decades. The results

clearly showed that both the ratio between vegetables and meat consumption as well as the

ratio between the amount of energy from vegetables and from animal products can be used

successfully to evaluate the dietary pattern related to cancer risk.

Copyright © 2006 S. Karger AG, Basel

Differences in dietary patterns between the countries of Mediterranean

Europe and other European countries have been analyzed extensively [1–9].

Studies have demonstrated that diets in most countries of Northern Europe are

high in animal fats (i.e. high in saturated fatty acids), high in simple sugars and

low in fibers, mainly because of relatively low consumption of vegetables. In

turn, in the countries of Southern Europe, the traditional diet is rich in olive oil,

fruits, and vegetables, certain legumes in particular; moreover, a high consump-

tion of food of plant origin there provides an abundant amount of fibers, polyphe-

nols and other antioxidants. In addition, the typical diet in Mediterranean Europe

has always included more cereals, pulses and fish but less saturated fatty acids

than has the Northern Europe diet. The documented benefits of the Mediterra-

nean dietary patterns include a lower risk of cancer and coronary heart disease,

most probably thanks to modulation of certain metabolic pathways, including

processes repairing DNA damage [3, 10–19]. It appears that the detoxifying prop-

erties of the bioactive compounds in fruits and vegetables can overcome the car-

cinogenous effect of genotoxic substances present in well-done meat and meat

products.

The quantitative differences in vegetable and fruit intake are not the only

factors determining the extent of the protective effect. The consumption of sta-

ples, roots and wild food plants may have a strong protective effect, although

they are consumed on a less regular basis. That ability may result from their dif-

ferent phytochemical profile, as compared to the fruit and vegetable one. This

issue was addressed in the EU’s project ‘Local Food and Nutraceuticals’. Over

100 plants, traditionally used as dietary by-products in rural communities of

Southern Italy, Greece and Southern Spain, were investigated for their antioxi-

dant, antidiabetic, memory-mediating and DNA-protective activity [9].

Only in some epidemiological studies was high meat and animal fat intake

associated with risk of colorectal, breast and prostate cancer, whereas in other

studies such a relationship was not observed [20–25]. However, in the last few

decades, the consumption of meat and meat products has increased considerably

in Mediterranean countries but the cancer risk has remained low [26]. This reality
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called into question the assertion that meat is the main dietary factor enhancing

cancer risk. Therefore, it seems important to address certain issues, for example,

to what extent consumption of the proper proportion of different groups of food

products is more important than the amount of consumed food of any one type,

or to what extent cancer development depends on the period, in terms of lifespan,

in which intake of certain ‘unhealthy’ food crosses a certain level.

In this paper these problems are analyzed by exploring the relationship

between dietary patterns and cancer rates at the population level. An advantage

of this kind of analysis is that it can overcome effects of intra-population ranges

in food intake and dietary constituencies; such ranges are sometimes broader

than inter-population ones. What is even more important is the stability of the

national diet over time, as compared to the variations in diet among individuals.

At the same time, it is necessary to keep in mind that data from the population

studies represent the quantity of food available for consumption and may over-

state actual food intake. An additional aspect of the issue of the putative effects

of plant foods, which has been addressed in this chapter, concerns their mecha-

nisms, on the basis of experimental results obtained in the context of the men-

tioned already the EU’s project ‘Local Food and Nutraceuticals’.

Methodological Issues

The analysis of relations between consumption of two food groups: (1)

meat and meat products, and (2) vegetables and their products, and, on the other

hand, cancer risk became the aim of this study. It is assumed that a high con-

sumption of meat and meat products enhances the risk of several cancers,

whereas diet high in vegetables has a protective effect. Based on this, the dietary

recommendations were established. But the general dietary patterns, beneficial

for health, are not precise enough. Assuming that genotoxic substances in the

processed meat can be neutralized by consumption of a certain amount of veg-

etables, the lower cancer incidences should occur in countries where such bene-

ficial meal patterns exist. Do differences exist in the vegetable and meat

consumption ratio between Mediterranean and other European countries?

To answer this question the consumption of meat, fruits, vegetables and their

products, as well as the percentage of fat and protein energy from certain food

products, was correlated with the colon & rectum, breast and prostate cancer inci-

dences, cancers strongly attributable to diet. Cancer incidences for an Age-

Standardized Rate (ASR(W), World standard) were taken from ‘the GLOBOCAN

2002’ database electronically available, which was built up using the data from

the Descriptive Epidemiology Group of IARC (www-dep.iarc.fr/globocan/

database.htm). GLOBOCAN 2002 presents estimates for the year 2002 but the
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actual disease rates are 2–5 years earlier. Only very recent cancer data were

taken into account due to the fact that the quality of diagnosis and consistent

recording of cancer incidence are much better now than they were in the past.

Moreover, the evaluation of diseases is much more uniform among countries

now. The advantage of using cancer-incidence data rather than often used mor-

tality statistics is that the former are less influenced by the efficiency of thera-

peutic care. On the other hand, a weakness of cancer-incidence data is that the

intensity of screening varies greatly among countries. Therefore, cancer inci-

dence might be overestimated in some areas and underestimated in others.

Nevertheless, the data were generated from large populations and were conse-

quently subject to only small random errors.

The food data were obtained from the UN Food and Agriculture Organi-

zation’s (FAO) (www.fao.org/faostat) for the periods 1969–71, 1975–76, 1980–81,

1990–95 and 2000–2002, as cancer usually develops for years before it is clini-

cally recognized and registered.

Eighteen countries (named in the text as ALL) were chosen for the analysis:

seven from the European Mediterranean region (MED) (Greece, Italy, Spain,

Portugal, France, Cyprus, and Turkey) and eleven from Central and Northern

Europe (OTHERS) (Austria, Denmark, Finland, Germany, Iceland, Ireland, the

Netherlands, Norway, Sweden, Switzerland, and the United Kingdom). The two

groups of countries were chosen on the basis of the assumed differences in diet

patterns and cancer incidences between regions.

Descriptive statistics in the text and tables are given as the mean � SD (if

not indicated otherwise). Statistical analysis was conducted using the Statistica

Version 6. The Pearson correlation was applied for correlation analysis. The analy-

sis of variance (ANOVA) was applied to determine the relationship between the

country groups regarding the consumption of food products and cancer incidences.

Meat and Meat Product Consumption and Cancer Risk

The consumption of meat and meat products has continuously increased

over approximately the last 30 years in each of the 18 countries studied. The

mean value of 155 � 49 g/person/day in the 1969–71 period had increased to

233 � 63 g/person/day by 2002 in ALL.

In MED, where meat consumption was lowest in 1969–71 among all the

countries analyzed, meat consumption increased by 75%, whereas in OTHERS

meat consumption increased by only 40%. The meat and meat product con-

sumption was not significantly different between the two groups of countries

at any time over the three decades analyzed; the mean values were 192 � 80

g/person/day for MED and 207 � 46 g/person/day for OTHERS. The meat and
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meat product intake in Turkey remains the lowest in Europe (the mean value is

now 52 g/person/day). Spain, where the level of meat consumption was one of

the lowest in 1969 (122 g/day/person), has become the biggest consumer

(322 g/day/person). This analysis illustrates the significant changes in the con-

sumption of meat and meat products that have occurred in the last three decades

and underline the differences in the dietary pattern between MED and OTHERS

(table 1). In spite of these changes, the consumption of meat and meat products

was significantly positively correlated with the incidence of colon & rectum

and breast cancer in ALL, as well as in MED, but not in OTHERS. The mean-

ingful difference was found when the timing of food consumption was taken

into consideration. The breast cancer incidences were significantly correlated

only with consumption of meat in the early years (two and three decades before

breast cancer was diagnosed) (table 2).

For further analysis, the countries were divided into two groups based on

their consumption of meat and meat products (below and above medium value).

The median values increased from 189 to 277 g/day/person over three decades.

Only Turkey and Greece remained in the ‘lower consumption’ group in all ana-

lyzed periods. The group with ‘lower consumption’ of meat and meat products

in the 1969–71 and 1980–81 periods had a lower number of colon & rectum

(p � 0.04 and 0.008, respectively) and breast cancer incidences (p � 0.03 and

0.02, respectively). The population in countries that consumed meat and meat

products above the mean value, which was 225 g/person/day, in the above-

mentioned periods had a higher risk of both cancers than did countries in which

less meat was consumed. No correlation was found in prostate cancer risk in

ALL but a positive correlation occurred in MED.

Meat Preparation Consequences and Genetic Susceptibility

In addition to the quantity of meat consumed by individuals, the quality

determined by the amount of fat and proteins is also important for cancer risk.

The cooking method (fried, barbequed, flame-broiled), kind of meat consumed,

cooking temperature, and the duration of the process determine the amount and

type of carcinogenous substances [27]. Also, metabolism of fat and oils is the

additional source of DNA damage through the formation of reactive oxygen

species [28–31]. Most substances formed during the cooking of animal proteins

are mutagenic and carcinogenic [32]. It is possible that a high fat diet in combina-

tion with a heterocyclic amine (HCA) carcinogen derived from cooked meat may

enhance the incidence and severity of cancer as was shown for mammary gland

cancer in rats [33]. An excellent review of the history and importance of aromatic

amine and HCA in public health was recently presented by Weisburger [34]. The
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heterocyclic aromatic amines (HAAs), such as 2-amino-3-methylimidazo [4,5-f]

quinoline [35] and phenylimidazopyridine, identified in cooked meat, and poly-

cyclic aromatic hydrocarbones (PAHs), are genotoxic [36, 37]. In addition, high-

meat diets in humans increase the level of nitrosatable material entering the colon,

so fecal N-nitroso compounds increase in a dose-responsive manner [38]. All of

Table 1. Mean values (g/person/day) of consumption of certain food groups: meat (M), vegetables

(V) and fruits (F) (and their products), the percentage of energy from animal and vegetable products, and

the ratio between vegetables & products and meat & products consumption in ALL, MED and OTHERS

countries. The FAO data from certain years and GLOBOCAN data for cancer incidences in 2002

Countries OTHERS MED ALL MED vs.

mean � SD mean � SD mean � SD OTHERS, p

ASR(W) breast cancer incidences 82.4 � 6.60 59.1 � 22.0 73.4 � 18.2 0.00405

ASR(W) prostate cancer incidences 68.3 � 16.3 37.4 � 16.5 56.3 � 22.2 0.00124

ASR(W) colon % rectum cancer incidences 67.8 � 9.50 49.2 � 18.2 60.6 � 16.1 0.01142

% of energy from animal products (%A) 35.5 � 3.10 25.5 � 5.40 31.6 � 6.4 0.00013

% of energy from vegetable products (%V) 64.5 � 3.10 74.5 � 5.40 68.4 � 6.4 0.00013

%V/%A 1.83 � 0.20 3.04 � 0.70 2.30 � 0.8 0.00004

M 1969–71 171 � 36 130 � 60 155 � 49 0.03268

M 1979–81 203 � 39 167 � 73 189 � 56 0.22794

M 1990–92 215 � 48 206 � 74 211 � 58 0.45213

M 1995–97 217 � 46 219 � 78 218 � 58 0.75643

M 2000–02 230 � 46 238 � 86 233 � 63 0.75547

V 1969–71 144 � 63 428 � 82 254 � 158 0.00000

V 1979–81 177 � 61 439 � 150 279 � 165 0.00008

V 1990–92 193 � 45 499 � 131 312 � 175 0.00000

V 1995–97 205 � 37 501 � 132 320 � 170 0.00000

V 2000–02 223 � 42 508 � 123 334 � 164 0.00000

Cereals & prod. excl. beer 1969–71 269 � 44 404 � 110 322 � 100 0.00207

Cereals & prod. excl. beer 79/80 259 � 37 384 � 128 308 � 102 0.00698

Cereals & prod. excl. beer 90/91 270 � 43 386 � 125 315 � 100 0.01107

Cereals & prod. excl. beer 95/96 275 � 43 381 � 112 316 � 91 0.01118

Cereals & prod. excl. beer 2000–02 297 � 45 385 � 115 331 � 88 0.03379

Pulses & products 1969–71 4.00 18.1 � 6.3 9.5 � 8.3 0.00001

Pulses & products 79/80 4.30 14.1 � 5.3 8.1 � 6.1 0.00004

Pulses & products 90/91 5.20 17.6 � 11 10 � 9.3 0.00257

Pulses & products 95/96 5.10 15.9 � 9 9.3 � 8.2 0.00277

Pulses & products 2000–02 4.80 15.1 � 8.9 8.8 � 8 0.00361

V 1969–71/M 0.84 4.20 � 2.8 2.15 � 2.4 0.00107

V 1979–81/M 0.87 3.80 � 3.8 2.01 � 2.7 0.02055

V 1990–92/M 0.97 3.34 � 3.1 1.89 � 2.2 0.02084

V 1995–97/M 0.96 3.39 � 3.7 1.91 � 2.5 0.04033

V 2000–02/M 0.99 3.28 � 3.8 1.88 � 2.5 0.05749
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them reveal carcinogenic properties if the balance between the ability to metabo-

lize them to electrophilic, reactive metabolites in phase 1 and the rate of forma-

tion of hydrophilic conjugation products by phase 2 enzymes is disturbed [39].

Most of those enzymes belong to a large family of isozymes involved in the

detoxification of many electrophilic substrates by their conjugation. Several of

the genotypes of these isozymes seem to be associated with different levels of

expression of enzyme activity. Among them is the arylamide N-acetyltransferase

Table 2. The statistically significant, positive and negative Pearson correlation (�* and �* respec-

tively) between, on the one hand: (1) meat & products (g/day/person); (2) vegetables & products; (3) energy

from meat fat (%EF); (4) energy from meat protein (%EP); (5) energy from milk & products’ protein

(%EP); (6) energy from dietary animal products (APDE); (7) cereals & products (g/day/person); (8) pulses

& products; (9) the ratio between vegetables & products to meat & products, and, on the other hand: colon

& rectum, breast and prostate cancer incidences, ASR(W), registered in 2002

ALL MED OTHERS

colon & breast prostate colon & breast prostate colon & breast prostate

rectum rectum rectum

Meat & �* �* NO �* �* �* NO NO �*

products 69/81 79/02 90/02

%EF from NO �* �* �* �* �* NO NO NO

meat & 79/02

products

%EP from �* �* �* �* �* �* NO NO NO

meat & 

products

%E milk & �* �* �* NO �* NO NO NO NO

products

%APDE �* �* �* NO �* �* NO NO NO

79/02 90/02

Vegetables �* �* �* �* NO NO NO NO NO

& products 00/02

Cereals & �* �* �* NO NO �* NO �* NO

products 69/90

Pulses & �* �* �* �* �* �* NO �* NO

products 79/02 69/81

V/M �* �* �* �* �* �* NO NO NO

For the above calculations, mean values of all dietary factors from the period 1969–2002 were used (to

be exact from years: 1969–71, 1979–81, 1990–91, 1995–97, and 2000–2002). Lack of statistically signifi-

cant association is labeled NO. Information about particular periods is provided when correlation is statis-

tically significant only in this period. The data were taken from the FAO, while cancer incidences were

taken from GLOBOCAN 2002 (IARC).
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(NAT), which requires acety-coenzymes A as a cofactor for its activity. NAT is

widely expressed throughout the body [40]. Several studies showed that NAT1

and NAT2 acetylation polymorphisms played a certain role in the cancer risk in

human populations [41, 42]. The activity of these NAT isoenzymes is determined

primarily by multiple genetically determined variants [43, 44]. The enzymes dif-

fer significantly in their intrinsic stabilities and acceptor substrate selectivity and

are also involved in meat-derivate carcinogen detoxification [45]. Variants of

these genes are described as fast and slow acetylators. Several subtypes of slow

acetylators have been identified [46, 47]. Slow NAT2 acetylators carry two

germline copies of any of several mutant NAT2 alleles. The heterozygous indi-

viduals with NAT2 polymorphisms have a rapid/intermediate acetylator pheno-

type while those without polymorphism have a slow phenotype.

In first step, the HAAs present in fried meat are metabolically activated

through N-hydroxylation by cytochrome P4501A2 and further O-acetylated

(esterified) by the NAT enzymes to reactive forms, which produce DNA adducts

[48]. The amino groups and C-8 atoms of purine nucleosides in DNA seem to be

the most prevalent target for transfer of the HCA residue forming DNA adducts

in various tissues [49–51]. The accumulation of unrepaired or misrepaired DNA

damage may lead to development of cancer. The degree of cancer risk related to

variation in functional polymorphism of the NAT gene may also depend on the

proportion of different substances formed in cooked meat. The NAT2 slow

acetylators are at increased risk for substances for which N-acetylation is a

detoxification step. In turn, rapid acetylators would be expected to be at greater

risk for substances for which O-acetylation is an activation step [41, 42].

Moreover, additional amounts of HAAs (gained through cigarette smoking, for

example) can enhance the risk of colorectal cancer among those who prefer to

consume well-done meat, especially individuals who have a rapid phenotype for

both NAT2 and CYP1A2 [52–54]. However, it is not clear whether meat, red

meat, HCAs, or PAHs are associated with the risk of rectal cancer.

Polymorphic enzymes, such as sulfotransferase, NAD(P)H:quinone oxi-

doreductase or catechol-O-methyltransferase, are also involved in the process of

detoxification [14]. The glutathione S-transferase (GST) enzyme and its variants

are responsible for detoxification of another potential carcinogen formed during

meat cooking: the HAAs. For example, the GST(M1) variant with no activity is

associated with altered risk of cancer [55, 56]. The combination of polymorphic

variants that encode a low activity allele in individuals can significantly influ-

ence responsiveness to the nutritional environment, resulting in insufficient

detoxification, thus enhancing the genotoxicity of food xenobiotics.

Although numerous epidemiological studies have tried to determine the

involvement of gene polymorphisms in the susceptibility of cells to certain

dietary compounds, direct and straightforward evidence of the relation between
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these factors is still lacking. This is probably the case because there are poten-

tially millions of base pair differences between individuals and many of them

can affect the way in which individuals respond to their nutritional environment.

The most accurate data seem to come from subjects who share great sensitivity,

in general individuals from the same family [57, 58] or from ethnic groups in

which the frequency of certain polymorphism is greater than in other groups.

Summarizing: the genetic background, amount of meat intake and differ-

ences in the amount and type of genotoxic substances generated during meat

preparation due to meat quality (the percentage of fat and proteins) can deter-

mine the susceptibility of individuals to carcinogens (fig. 1).

Fig. 1. Meat-vegetables cancer relations: (A) consumption of fried/grilled meat induc-

ing DNA damage and enhancing cancer risk due to presence of the polycyclic aromatic

hydrocarbons (PAHs), heterocyclic aromatic amines (HAAs), reactive oxygen species

(ROS); (B) consumption of vegetables increasing the scavenging of ROS and modulating

activity of detoxifying enzymes of phase 1 and phase 2 due to antioxidant vitamins and

polyphenols and resulting in lowering cancer risk.
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Meat Constituencies and Cancer Risk

A growing number of studies arising from around the world purport to

show a link between fat, saturated fat and/or cholesterol or food groups rich in

these constituencies (i.e. dairy products and/or red meat consumption) and sev-

eral types of cancer [59, 60]. Combined estimates of risk for total and saturated

fat intake, and for meat intake, all indicate an association between higher intake

and an increased risk of breast cancer based on a meta-analysis [61].

In the research described in this paper, the correlation analysis was used to

test the relationship between the meat fat (%EF) and protein (%EP) intake (as a

contribution to total dietary fat and protein consumption) and cancer inci-

dences. The %EF was not statistically different between MED and OTHERS, as

well as the %EP, except for the 1969–71 period when it was significantly higher

in OTHERS. The colon & rectum cancer incidences were not associated with

%EF in ALL and in OTHERS, but were positively associated in MED. In turn,

colon & rectum, breast and prostate cancer incidences and %EP were positively

correlated in ALL and MED (table 2). Consequently, it can be assumed that the

consumption of HAAs formed via the Maillard reaction during frying or

grilling of protein-rich food of animal origin can be more carcinogenic than

PAHs deposited in food from fat dripping onto the burning coals during this

type of cooking [62, 63].

A high correlation between national per capita disappearance of fat and

national rates of colon cancer led to the hypothesis that consumption of fat,

especially from animal sources, increases risk for colon cancer. It was sug-

gested by Giovannucci and Goldin [64] that total lipid content or other factors,

such as HCAs formed during cooking, rather than the red meat consumption, is

associated with colon carcinogenesis. That appears to be in full agreement with

results presented in this paper.

The differences in meat preparation preferences between the two studied

regions can both have an impact on cancer risk. For example, in ALL, the

prostate cancer incidence seems to depend more on %EF and %EP than on the

amount of meat consumed, whereas breast cancer appears to depend not only on

meat quantity but also on its quality (table 2).

These results appear to confirm the conclusion drawn from critical eva-

luation of 33 published case-control and cohort studies which showed that the

specific types of fatty foods (e.g. milk or meat) are associated with prostate

cancer [65].

In the research presented here, the regression analysis showed increased

colon & rectum cancer incidences with an increased percentage of energy con-

sumed with animal products (%APDE) in ALL in each study period (p varied

from 0.04 in 1969–71 to 0.01 in 1995–96). In addition, the lack of such a
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dependence for %EF and significant dependence for %EP from meat and meat

products, suggest that proteins, and eventually changes associated with the

product preparation, may play a considerable role here.

Moreover, the percentage of proteins from milk & products (%EP milk &

products) can have a significant positive impact on breast cancer risk in ALL, as

well as in MED. Contrary to that, rates of colon & rectum and prostate cancer

are positively associated with %EP milk & products in ALL, but not in MED.

The observed relationship between the risk of cancer and the consumption of

food of animal origin in both European regions can explain, to a certain degree,

an inconsistency revealed in epidemiological studies. Moreover the frequency

of polymorphic alleles in different European regions, being an important factor

in the susceptibility to carcinogens, should be taken into account in future stud-

ies, when more data on this matter will become available. It would also be inter-

esting to find out to what extent the association between meat intake and colon

& rectum, breast and prostate cancer incidence depends on meat consumption

in different life periods.

The Protective Ability of Food of Plant Origin

Even low-level exposure to carcinogenic substances of more vulnerable

groups may disclose the inter-individual variability in metabolic susceptibility

to carcinogens, resulting in accumulation of DNA damage and leading to the

genomic instability. The amount of DNA adducts can be decreased by intake of

antioxidant dietary compounds. For example, fewer white blood cell DNA

adducts in bladder biopsies occur among consumers of large quantities of fruits

or vegetables [66]. This might be the reason why a high fruit and vegetable

intake showed a preventive ability against cancer of lung, colon, esophagus,

breast, prostate, stomach and heart diseases in many epidemiological studies

(NAS Report, Diet and Health, 1989). Not only the abundant amount of antiox-

idants that enhances the scavenging capacity of cells, but also the ability of cer-

tain polyphenols and other bioactive compounds to modulate the activity of

enzymes involved in carcinogen metabolism may be responsible for this effect

[67–71]. In particular, the EU-funded study ‘Local Food and Nutraceuticals’

confirmed such an ability for more than 100 edible plants collected in the European

Mediterranean region [9, 72–80].

Flavonoids are the largest group among polyphenols [81–83]. They are

widely distributed in fruits and vegetables. They also inhibit pro-carcinogen

bioactivation [84–88]. They also play a protective role because of their antioxi-

dant properties [81, 89]. Consequently, flavonoids are able to decrease the

amount of DNA adducts induced by HAAs, to lessen DNA damage related to
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lipid peroxidation [90, 91], and to inhibit peroxide-induced micronucleated

cells [91]. Their chemopreventive activity against cancer induced by various

carcinogens has been well documented in animal models [92, 93]. Furthermore,

flavonoids are involved in the reduction of oxidative damage in DNA, mainly of

8-oxo-7-hydro-2�-deoxyguanosine (8-oxodG), which plays a significant role in

development of various diseases, especially cancer. As 8-oxodG is one of the

most common types of damage in DNA found in cancer cells, it can be used as

a biomarker of carcinogenesis [94–96]. The extent of this damage can be low-

ered by fruit, vegetable and antioxidant supplement intake, as shown while

determining oxidative DNA damage in white blood cells by comet assay

[97–101]. Such a protective effect was also observed for certain edible plants

investigated in the already mentioned EU Project [9, 72–80]. The dose response

of certain plant extracts as Scolymus hispanicus, Thymus piperella, Crepis vesi-
caria, Terfezia arenaria, derived from local wild food plants of Southern Spain,

is presented in figure 2. The association between the doses of those extracts and

their DNA-protective ability against the oxidative DNA damage revealed a very

broad spectrum of response, confirming the expectations that the constituent of

the plant extracts is much more significant than the dose used. Since the oxida-

tive DNA damage can play a significant role in mutagenesis, cancer, and other

human pathologies, enriching the daily nutrition in antioxidant compounds
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Fig. 2. Human lymphocytes were pretreated with the different concentrations of plant

extracts derived from the T. arenaria, C. vesicaria, S. hispanicus and T. piperella for 1 h and

then exposed to 25 �M hydrogen peroxide for 5 min at 4�C. The protective ability was

defined as the percentage of which the amount of oxidative DNA damage induced by hydro-

gen peroxide in lymphocytes is decreased due to plant extracts pretreatment (percentage of

DNA in the tail was measured by comet assay).
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seems to be the best strategy that is possible to achieve by eating food rich in

antioxidants and/or by taking supplements containing polyphenols, for example

plant extracts.

The preference for fresh fruits and vegetables in the Mediterranean diet often

corresponds to a higher consumption of raw food in general, with more antioxi-

dant and polyphenol intake, and lower production of cooking-related oxidants

[102]. The significant differences between MED and OTHERS were also con-

firmed by the FAO database (table 1). However, the differences in consumption of

vegetables were statistically significant: the vegetable consumption was higher in

ALL and MED than in OTHERS, contrary to the statistically non-significant dif-

ferences in fruit consumption between the two groups of countries. Moreover,

although the consumption of vegetables increased in OTHERS in the last decade,

it has not yet reached the level of MED. The lowest value was 40 g/day/person in

Iceland in 1969–71 but it rose 3.5 times in the next three decades, reaching

144 g/day/person in the year 2002. In turn, the highest consumption of vegetables

was 437 g/day/person in Turkey in 1969–71; that rate rose to 727 g/day/person by

2002. The mean value for MED rose from 428 g/day/person in 1969–71 to

508 g/day/person in 2000–2002, whereas in OTHERS it increased from 143 to

223 g/day/person. The average consumption for each group of countries is pre-

sented in table 1. There should be no doubt that such differences in vegetable con-

sumption have a huge impact on health maintenance.

Many epidemiologic studies examined the relationship between fruit and

vegetable intake and the incidence of different types of cancer. Findings have

varied considerably [103–105]. In particular, in the US Nurses’ Health Study

and the Health Professionals’ Follow-up Study (1980–1996), one of the largest

prospective studies ever carried out (1,743,645 persons-years), no association

was found for women and men between overall fruit and vegetable consumption

and risk of colon and rectal cancer [106]. There were also no associations

observed for subgroups of fruits and vegetables, or for individual fruits and

vegetables. Therefore, although fruits and vegetables may provide protection

against some chronic diseases, their frequent consumption does not appear to

confer protection from colon or rectal cancer [103].

As cancer usually develops for years before it is clinically recognized and

registered, the correlation between colon & rectum, breast and prostate cancer

incidences recorded in 2002 and the consumption of fruits and vegetables for the

previous three decades was analyzed. The relationship between fruit consump-

tion and three types of analyzed cancers was insignificant in all analyzed groups

of countries. Nonetheless, a significant reverse association between cancer inci-

dence and the amount of vegetables and vegetable products consumed for each

analyzed period (between 1969 and 2002) was observed in ALL countries (table 2).

This effect did not occur in MED and OTHERS analyzed separately, although
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the consumption of vegetables was significantly higher in MED than in ALL and

OTHERS. The average vegetable consumption in MED was 475 � 123 g/

person/day; the rate was 200 � 48 in OTHERS and 300 � 165 in ALL.

When the analysis was performed by grouping countries below and above

the median value of vegetable consumption in each decade, instead of stratify-

ing countries by geographical location, the significant protective ability of

vegetables was visible in all decades only for prostate cancer. The amount of

vegetables & products has to be �200 g/day to disclose the protective ability.

The breast cancer incidences seem to depend not only on the amount of veg-

etable intake but also on life period. The amount of breast cancer incidences

was significantly lower only in the group which consumed �220 g/day two

decades before cancer was registered.

It is possible that a certain group of vegetables, which have a more protec-

tive ability against cancer than others do, is consumed in larger quantity in

MED than in OTHERS.

Pulses and cereals, food of plant origin, are consumed in higher quantities

in the European Mediterranean region than they are in other European coun-

tries. The FAO data show that the consumption of cereal & products (excluding

beer), as well as pulses & products, was significantly higher in MED than in

OTHERS and ALL, in each period analyzed (table 1). However, the average

intake of cereal & products in ALL was not significantly different from that in

MED and in OTHERS. When the consumption of cereals & products in each

period analyzed was correlated with cancer incidence in 2002, the significant

negative association was found with colon & rectum, breast and prostate cancer

incidence in ALL countries, but not in OTHERS (table 2). In MED such a

dependence was only found for prostate cancer (and not for colon & rectum and

breast cancer). In OTHERS, the protective effect of early consuming cereals &

products (two and three decades before breast cancer incidences were regis-

tered) was observed. The protective ability of pulses & products was observed

for each analyzed cancer in ALL, as well as in MED, but only for breast cancer

in OTHERS (table 2).

The significance of consumption of food of plant origin in cancer preven-

tion was additionally confirmed through simple regression analysis, studying

the dependence between the percentage of the energy supply from vegetable

products and cancer incidences. The reverse association between this percent-

age of energy and colon & rectum, breast and prostate cancer incidences was

statistically significant in ALL (p � 0.001, p � 0.00002, p � 0.0001, respec-

tively for different cancers), but not in OTHERS. The protective effect was

observed only for breast cancer in MED.

Dietary recommendations of the UK Department of Health are in line with

these findings. According to those directives, for maximum benefit, one needs
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to eat at least five portions (80 g each) of various fruits and vegetables a day

(http://www.dh.gov.uk/PolicyAndGuidance). This can be achieved, for exam-

ple, by consuming a portion of cooked vegetables (three rounded tablespoons),

half a can of canned vegetables, tomato-based cooking sauces (accompanying a

portion of pasta), tomato soup, or salad (300 ml bowl of mixed leaves).

Vegetable to Meat (V/M) Ratio

The results presented in this paper clearly show that over the last three

decades the colon & rectum cancer incidences have increased with growing

meat consumption but diminished when vegetable intake increased. The inter-

action between the average consumption of meat and its products (M) and veg-

etables and their products (V), and colon & rectum cancer incidences is

presented in a three-dimensional surface graph plot in figure 3.

As already mentioned, the intake of meat & products, as well as vegetables

& products, increased from 1969 constantly but at a different rate in different
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countries. Because of that, it can be expected that the factual trend in dietary

patterns in both regions of Europe over the last three decades will be better

reflected by the V/M ratio. Therefore, the hypothesis about association between

the V/M ratio and cancer risk should be tested.

As shown in figure 4, the V/M ratio was always �1.5 in MED (and even

reached 10 in Turkey, not shown), whereas it was 	1.5 in OTHERS and changed

only slightly over time there. The V/M ratios drastically dropped in 1979–81 in

each MED country and subsequently decreased still further, though at a slower

pace. Even so, these values never decreased to the level of OTHERS. A signifi-

cant correlation was found between incidence of each analyzed type of cancer and

the V/M in ALL countries, as well as in MED; no such association was observed

in OTHERS.

The ratio between the amount of energy from vegetables and from animal

products, instead of the quantity ratios, was also used as a dietary-protective

indicator. When such energy ratios were calculated for each of the 18 European

countries (averages for 1961–2002) and placed on the X-axis against the colon

& rectum, breast and prostate cancer incidences, a clearly defined cancer risk

pattern emerged (fig. 5) Countries in which this ratio was 	2 (OTHERS) had a

higher cancer incidence than those in which the ratio was �2 (MED).

This confirms the hypothesis that meat and meat product carcino-

genic activity can be neutralized by the consumption of the proper amount of

vegetables.

Fig. 4. Changes in ratio between vegetables and vegetable product to meat and meat

product consumption during the reference period in following countries: (a) 1 Austria, 2

Denmark, 3 Finland, 4 Germany, 5 Iceland, 6 Ireland, 7 the Netherlands, 8 Norway, 9

Sweden, 10 Switzerland, 11 UK (referred to as OTHERS); (b) 12 France, 13 Greece, 14 Italy,

15 Portugal, 16 Spain, 17 Cyprus (referred to as MED). The food consumption provided by

FAO refers to the amount of food for each individual per day (g).
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Final Remarks

The dietary patterns in European Mediterranean countries, reflected by the

�2 ratio between consumption of vegetables & products and meat & products,

diminish colon & rectum, breast and prostate cancer risk. Increased consumption

of vegetables & products seems to be necessary to inactivate pro-carcinogenous

substances provided by the HAAs and PAHs from fried/grilled meat. When more

toxic substances are consumed, more antioxidants and polyphenols are neces-

sary for detoxifications. In short, the protective nutritional environment for DNA

molecules seems to be essential to maintain the normal functioning of cells and

prevent their transformation (fig. 1). Since there is no available data for European

regions on frequencies of polymorphisms in genes involved in detoxifying reac-

tions, it is reasonable to assume that the V/M ratio should be even higher in

places where detoxifying enzymes have a lower activity.

Our genetic constitution was established at a time when the environment

was quite different from what it is today, and that constitution has changed very

little during the last 10,000 years. It is consequently very tempting to consider

the Late Paleolithic diet as a very beneficial pattern to follow. The proportion

between the constituencies of food in that diet seems to be especially important.

As many publications analyzing the evolutionary aspect of diet have high-

lighted, humans’ contemporary diet, as compared to Paleolithic one, is charac-

terized by excessive energy intake relative to energy expenditure, lower complex

carbohydrates, less fiber, more fat (in particular saturated fatty acids), and the

presence of trans fatty acids, unknown to our ancestors. All these characteristics

may contribute to a higher risk of many degenerative diseases. Most important,

however, seems to be the drastic decrease in the consumption of food originating

Fig. 5. Association between the ratio

of the amount of energy from vegetables and

animal products for each of the 18 European

countries (averages for 1961–2002) and the

colon & rectum, breast and prostate cancer

incidences.
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from plants; this decrease causes the DNA damage to remain at a higher level.

A low level of protective plant compounds in the diet cannot adequately neu-

tralize the reactive oxygen species and also cannot support the enzymatic sys-

tem in our organism in sufficient removal of DNA damage, especially in the

situation when cells are attacked by the enhanced amount of toxic substances

present in ‘unhealthy’ food products.

Through the reconstruction of prehistoric dietary patterns from anthropolog-

ical evidence, and the observation of contemporary hunter-gatherer societies, it is

known that prehistoric diets provided abundant amounts of proteins from wild

game, fish and carbohydrates from uncultivated plants (characterized by a high

quantity of fiber), and had a different fat profile [107, 108]. From a simple model

of the Late Paleolithic human diet, which assumed a 35:65 animal/plant subsis-

tence ratio and a daily average intake of 3,000 kcal, and also taking into account

the nutritional values for game (1.42 kcal/g) and wild plant (1.29 kcal/g) food, it

was calculated that the amount of food of plant origin eaten daily by our ancestors

was about 1,400–1,500 g, and of wild game was about 788 g [109–111]. These

figures imply a V/M ratio of 1.9. This ratio is close to the one calculated above

that is linked to a lower cancer risk in the European Mediterranean region in spite

of the commercial changes that have occurred in meat and vegetable products

produced for consumption. The recognition of the importance of the ratio bet-

ween food constituencies for human health, as has occurred already for unsatu-

rated fatty acids [112–115], can facilitate the development of more precise dietary

recommendations involving other compounds.

The results in the present paper provide additional evidence for the benefi-

cial health effect of the current Mediterranean diet. However, in the last two

decades the food pattern of the Mediterranean population was subjected to sub-

stantial changes, particularly in regard to the ratio between the amount of veg-

etables and meat consumed, which in turn resulted in a decrease of the amount

of biologically active polyphenols and antioxidant vitamins, lowering the

defense ability of the body against genotoxic substances. The significant drop

of the V/M ratio may cause that the number of cancer incidences in this region

of Europe will rise in the near future.

It is not very likely that consumption of fruits and vegetables will reach a

level required for neutralizing the negative effect of meat intake. Therefore, the

modern nutritional strategies propose inclusion of nutraceuticals rich in antioxi-

dant compounds into the diet. Taking dietary supplements, particularly plant

extracts, is beginning to be believed as bringing health benefits quicker than

would normally be the case through eating conventionally healthy food alone.

Studies identifying edible plants having certain health beneficial properties, as

those investigated in the EU Project ‘Local Food and Nutraceuticals’, signifi-

cantly contribute to a better understanding of the problem.
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Abstract
In the middle of the previous century the Seven Countries Study first revealed the health

benefits of the traditional Cretan diet. The Cretan diet was subsequently used as a basis to form

the worldwide known ‘Mediterranean diet’. This dietary scheme was visualized as a food pyra-

mid, aimed to constitute a nutrition education tool and guide for the general public and scien-

tific community. However, the way this dietary guide has been perceived by both the public and

in certain cases by the scientific community may be oversimplified. From the nutritional point

of view, some of the neglected parts of this diet concern the role of locally consumed wild

greens, herbs, walnuts, figs and snails, all sources of n–3 fatty acids. The above foods with the

addition of fish provide a n–6:n–3 ratio of 2:1 whereas in Northern Europe and the USA the

same ratio is 10–20:1. Moreover, the flavonoid and antioxidant content of the traditional Cretan

diet may have been underestimated. Despite the increasing knowledge on the bioprotective pro-

file of the traditional Cretan diet, there is a need to revisit the way this knowledge is transferred

to the public emphasizing the importance of some neglected food items and nutrients.

Copyright © 2006 S. Karger AG, Basel

Worldwide studies have highlighted the health benefits of certain dietary

schemes [1–7]. This is the case of the Mediterranean diet, which has been pro-

posed to be the new ‘gold standard’ for the prevention of chronic diseases [8, 9].

The Mediterranean diet as a ‘whole diet approach’ in conjunction with data on

foods and nutrients, has been used as a prototype for the formation of dietary

guidelines [10, 11]. Still, it is believed that several components of this dietary
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scheme have been underestimated, neglected or not properly underlined within

the existing guidelines. The purpose of the current review is to provide a critical

definition of the Mediterranean diet and present the contributory role of locally

consumed foods and certain food groups in the makeup of the bioprotective

profile of the Mediterranean diet.

There Are Many Mediterranean Diets

The general term Mediterranean diet inevitably implies a common dietary

scheme consumed by the countries of the Mediterranean basin. However, this is

not the case since the diets of the populations around the Mediterranean Sea

present great divergences. In fact, differences in dietary patterns are evident in

parts of Italy, Greece, France, Portugal, Spain, North Africa and the Middle

East [12–14]. This dietary polymorphism partially reflects religious and cul-

tural differences. Muslims for example are not allowed to consume either pork

or alcoholic drinks (‘Haram’ foods). Wine consumption, however, is an inherent

feature of other Mediterranean diets, with the striking example of the French

diet and its attached ‘French paradox’ [15]. In parallel, the Greek Orthodox tra-

dition includes in its rituals the consumption of wine and recommends absten-

tion from meat and dairy products as part of fasting which can cover large

periods throughout the year [16, 17]. Another considerable difference is seen

between Greece and Italy. In Greece, the fat intake (mainly coming from olive

oil) amounts to 40% of the total energy intake whereas in Italy the fat intake

(again primarily coming from olive oil) accounts for 30% of the energy intake.

Furthermore, the Greek diet is characterized by the consumption of whole grain

bread and salads, whereas the main component of the Italian Mediterranean diet

variant is the high consumption of pasta. As far as the Spanish diet is concerned,

fish holds a special position, which is not seen to such an extent in the rest of

the Mediterranean countries [18].

It is noteworthy, however, that even within the same country, significant

dietary differences can be seen. In Italy the consumption of cereals, fruit and

vegetables is higher in the southern part of the country whereas milk and dairy

products consumption is higher in the northern part [19, 20]. Differences are

also observed in Greece, as far as the fat intake pattern is concerned. On the

island of Crete, fat provided approximately 40% of energy and on the island of

Corfu it yielded 31–34% of energy according to food tables [21]. The difficulty

in describing successfully the Mediterranean diet was underlined by remarking

that ‘. . . The all embracing term “Mediterranean diet’’ should not be used in

scientific literature until its composition, both in foods, nutrients and non-nutrients

is more clearly defined and the metabolic basis of its health-promoting virtues
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has been better explained’ [22]. Furthermore, as Simopoulos and Visioli [23]

suggest, there is not just one Mediterranean diet but many Mediterranean diets

and the plausible question that arises is: Which Mediterranean diet has the most

bioprotective profile?

The Benefit and Food Content of the Traditional Cretan Diet

Among the variants of the Mediterranean diet, special attention has been

given to the diet of Crete, an island of Greece, in which dietary patterns were rel-

atively uniform over a 4,000-year period until the middle of the previous century

[24]. At that time the mortality rate in Crete was found to be the lowest among

the Mediterranean countries [24]. The virtues and the comparative superiority of

the traditional Cretan diet were revealed a few years later by the Seven Countries

Study, launched by Keys [25] in the 1950s. In this epidemiological study, the

cohort of Crete, followed by that of Japan, presented the lowest rates of cardio-

vascular disease and cancer. It is of particular interest that after 25 years of

follow-up, Cretans continued to have a very low cumulative mortality from coro-

nary heart disease, cancer as well as from all causes [26–28], among the 16

cohorts, including 9 Mediterranean cohorts from Southern Europe (figs. 1–3).

The Seven Countries Study accentuated the scientific interest, as it was thought

that ‘Cretans must be doing – or eating – something right’ [29].
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Fig. 1. Mortality from all causes in the 25-year follow-up of the Seven Countries Study.
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Fig. 2. Mortality from cardiovascular heart disease (CHD) in the 25-year follow-up of

the Seven Countries Study.
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Fig. 3. Mortality from cancer in the 25-year follow-up of the Seven Countries Study.
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What did Cretans eat in the middle of the previous century to achieve such

health benefits? In 1948 the traditional Cretan diet was described as ‘olives, cere-

als, grains, pulses, wild greens, herbs and fruits, together with limited quantities

of goat meat and milk and fish . . . no meal was completed without bread . . .

olives and olive oil contributed heavily to the energy intake . . . food seemed to be

“swimming’’ in oil’ [30]. Moreover, the traditional Cretan diet contained fish and

octopus, reflecting Crete’s proximity to the sea [13], pies made of a variety of

wild greens [31], eggs, onions, garlic, snails, figs, walnuts, wine and other alco-

holic drinks like raki [32–34]. In table 1 a detailed weekly diet is presented, con-

structed retrospectively by Kafatos et al. [32] from 7-day records of several

Cretan participants of the Seven Countries Study [25] and from a study of Cretan

men conducted in 1965 [35].

As Simopoulos emphasizes [33], wine, fruits, vegetables and olive oil,

which were central components of the traditional Cretan diet, contained resver-

atrol, glutathione, vitamin C, vitamin E, lycopene, �-carotene, polyphenols and

other antioxidants. Important contributors to the antioxidant properties of the

Mediterranean diet were also tomatoes, onions, garlic and herbs, which pro-

vided carotenoids, lycopene, polyphenols and several other phytochemicals

[34]. Moreover, vegetables and fruits were sources of eicosapentaenoic acid

(EPA, 20:5 (n–3)) and fish provided docosahexaenoic acid (DHA, 22:6 (n–3))

[33]. The n–6:n–3 ratio of the traditional Cretan diet is estimated to be 2:1

whereas in Europe and the USA the same ratio is 10–20:1 [34]. In other words

the traditional Cretan diet was low in saturated fat, high in monounsaturated fat,

while providing a variety of bioprotective nutrients. However, is this informa-

tion appropriately presented by the scientists or communicated to the public via

what is called ‘Mediterranean diet’?

The Communication of the Traditional Cretan 
Diet to the Public and Scientific Community

The above-discussed profile of the traditional Cretan diet does not fit

completely with the pattern that has been until recently described in scientific

journals or communicated to the public. Indeed the traditional Cretan diet, com-

municated as ‘Mediterranean diet’, is characterized as a diet with high consump-

tion of olive oil, legumes, fruits, vegetables and cereals (including bread), low

consumption of meat and its products and moderate consumption of milk, dairy

products and alcohol [18]. The visualization of the above was generated during

the International Conference on Diets of the Mediterranean in 1993, and was

given a form of a pyramid (fig. 4) [10]. Several years later this graphic was

slightly updated including regular physical activity in the recommendations [36].
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Table 1. Foods eaten in the traditional Cretan Mediterranean diet [from 32]

Breakfast Mid-morning Lunch Mid-afternoon Dinner

Monday Ksinohontros1 Pear Broad beans, onion, Walnuts, dry Boiled vegetables

rusk, orange salad (cucumber, figs Potatoes, olive oil,

tomato, purslane, boiled egg, melon,

olives, olive oil), red wine

whole-wheat bread, 

apple, red wine

Tuesday Rusk, cheese, Orange Snails, potatoes and Halva2 Rice with spinach,

apple vegetables, salad (homemade) yogurt, whole

(tomato, cucumber, wheat bread,

onion, olive oil), longan

whole-wheat bread, 

red wine, longan

Wednesday Doughnuts Pear Chickpeas, herring, Walnuts, dry Stuffed tomatoes,

(homemade) salad (tomato, figs, raki whole wheat bread,

with honey, cucumber, olives, salad (tomato,

apple, herbal olive oil), whole- cucumber, onion)

tea wheat bread, 

cherries, red wine

Thursday Fresh whole Melon Fish, broad beans Halva Lentils, salad

milk boiled with (puree), oil, lemon (homemade) (tomato,

ground wheat juice, whole-wheat cucumber, olives,

rusk, salad (tomato, olive oil, onion),

cucumber, olives, apple, red wine,

olive oil, onion), cheese, whole

pear, red wine wheat bread
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Friday Rusk, olives, Apple Beans, potatoes, Walnuts, dry Broad beans, artichoke,

herbal, tea, apple whole-wheat bread, figs, raki olive oil, rusk, red wine,

olives, orange melon

Saturday Milk and whole Apple Chicken, okra, Homemade Boiled

wheat, melon potatoes, salad cheese pie, vegetables with

(lettuce, cucumber, honey, coffee olive oil, rusk, red

olives, olive oil) wine, melon

Sunday Homemade Rabbit, pasta, salad Coffee, Fish, fish soup

cheese pie with (tomato, cucumber, halva with vegetables, rusk, 

honey, melon olives, olive oil, onion), red wine apple

rusk, wine, orange

1Greek foods: Ksinohontros � yogurt, wheat; 2halva (homemade) � semolina, olive oil, sugar, walnuts.

Table 1. (continued)

Breakfast Mid-morning Lunch Mid-afternoon Dinner
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There is growing evidence that the adoption of a diet conforming to the

above norms has beneficial effects on longevity of Mediterranean (e.g. Greeks

[37], Spanish [38]) and non-Mediterranean (e.g. Danish [39], Australians [40],

Finns [41]) populations, which is accompanied by a reduced mortality rate from

coronary heart disease, cardiovascular diseases and some types of cancer [41].

This dietary scheme can also moderate the progression of coronary heart dis-

ease as reviewed elsewhere [42], while reducing the risk of peripheral arterial

disease in subjects with type 2 diabetes [43]. With any given limitations, the

above studies provide some evidence that the communicated Mediterranean

diet in the form of the above guidelines, usually assessed with the use of food

scores [37, 40, 44], can be transposed to non-Mediterranean cultures in hand

with health-boosting outcomes [40, 45].

A question that arises is whether a subject trying to follow these dietary

guidelines [10, 36] gets the same nutrients as if he or she followed the tradi-

tional Cretan diet. In other words, are these guidelines truly reflecting the nutri-

ent intake of the traditional Cretan diet or do they just mimic a vegetarian diet

A few times per month
(or somewhat more often, in very 

small amounts)

A few times per week

Daily

Red
meat

Sweets
Eggs

Poultry

Fish

Cheese and yogurt

Variable
amounts

Olive oil
Variable
amounts

Vegetables

Breads, pasta, rice, couscous, polenta, bulgur,
other grains, and potatoes

Fruits

Beans,
others

legumes
& nuts

Fig. 4. The Mediterranean diet pyramid of 1993, developed at the International

Conference on Diets of the Mediterranean [10].
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with moderate meat consumption [46]? Certain evidence has shown that the

adoption of such a diet can in many cases [47, 48] but not all [49, 50] decrease

LDL or total cholesterol levels and this could possibly explain the lower mor-

bidity and mortality associated with the adopted guidelines. These effects could

have been mediated by a decline in the intake of red meat, saturated and trans

fatty acids, known to unfavorably influence the lipid profile, a hypothesis which

was also proposed by the researchers of the Seven Countries Study [25].

Furthermore, the 25-year follow-up of the Seven Countries Study has indicated

that Cretans, although having the same levels of serum cholesterol, enjoy lower

rates of morbidity and mortality in comparison with other European countries

[51]. In this context it is worth further evaluating the underlying protective

components of the traditional Cretan diet, which may not be sufficiently com-

municated by the Mediterranean pyramid of 1993 and its latest version of 2000

[10, 36].

Indeed, as extensively discussed by Kok and Kromhout [52], the flavonoid

and n–3 content of the traditional Cretan diet could be a forgotten missing part of

the Cretan longevity puzzle. The analysis of Cretan plants and herbs confirmed

their high antioxidant content [31, 53]. It has also been shown that cholesteryl

esters of a Cretan population were threefold richer in �-linolenic acid when com-

pared to the Zutphen cohort [54]. It is proposed that the amount of n–3 fatty

acids (e.g. �-linolenic acid) was initially underestimated, as a result of inade-

quate information on wild greens, like purslane, which is the richest source of �-

linolenic acid among leafy vegetables that have been until now analyzed

[55–57]. With respect to the above biochemical data related to Cretan longevity,

it could be claimed that the adherence to the so-called ‘Mediterranean guide-

lines’ is not always followed by the traditional Cretan biochemical profile.

The above were further substantiated by the Lyon Diet Heart Study [58]. In

this study, 605 patients with myocardial infarction were randomized to the

‘Mediterranean diet rich in �-linolenic acid’ or a diet similar to the NCEP Step I

recommendations [59, 60]. It is remarkable that the nutrient content of the first

diet as well as its resulting biochemical effects were comparable to those of the

traditional Cretan diet. The ‘Mediterranean diet rich in �-linolenic acid’ exerted

a salutary effect by reducing all-cause mortality by 70% after 5 years of follow-

up [58]. Similar effects were observed for cancer mortality (61% reduction at 4

years of follow-up). The traditional risk factors, including total cholesterol, high

density lipoprotein cholesterol, low density lipoprotein, triglycerides, glycated

hemoglobin and blood pressure were not different between the two groups [58,

61], a finding which is compatible with the 25-year follow-up of the Seven

Countries Study [51]. However, changes were detected in the composition of cir-

culating blood lipids and platelet phospholipids, which were favorable for those

following the ‘Mediterranean diet rich in �-linolenic acid’ (lower n–6:n–3 ratio),
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an effect that has been confirmed by following studies [62]. Moreover, the group

conforming to this diet exhibited higher plasma antioxidant vitamins (e.g. �-

tocopherol and ascorbic acid) [58]. However, other trials [63] have not demon-

strated an association of the current Mediterranean guidelines [10, 36] or simply

a diet rich in vegetables and fruits with plasma antioxidant capacity [64] or cer-

tain antioxidants [64, 65]. These differences could be attributed to unintention-

ally neglecting the importance of certain food components of the traditional

Cretan diet, such as wild greens and herbs, which are particularly rich in n–3

fatty acids, polyphenols and antioxidants [10, 33].

It is assumed that some communicated approaches of the Mediterranean

guidelines [10, 36] may accord only macroscopically with the traditional Cretan

profile. From the nutritional point of view, the diet of Cretans may possibly have

a different content of various protective substances when compared to a diet,

which follows the precepts of the Mediterranean guidelines [10, 36]. Despite the

fact that the full bioprotective profile of the traditional Cretan diet has not yet

been in all clarified, it is assumed that the consumption of the food groups that

‘mimic’ the traditional Cretan diet may not provide identical nutrients. It is sug-

gested that certain important foods such as wild green plants, snails, figs, wal-

nuts, etc. have not been appropriately highlighted in the Mediterranean

guidelines [10, 23]. Given that attention is directed towards the reinforcement of

qualitative aspects of the traditional Cretan diet [11], it is important to take a

closer look of the nutrient content of the traditional Cretan food palette.

Fruits, Nuts and Vegetables
Indeed, fruits and vegetables of the Cretan diet are good sources of folate,

calcium, minerals, vitamins E and C, glutathione, polyphenols and other antiox-

idants [33, 66]. Special reference has to be made to some popular fruits, such as

figs that Cretans commonly consumed and which are a good source of n–3 fatty

acids. A good source of n–3 fatty acids are also walnuts, which were consumed

as a snack in the traditional Cretan diet. Another worth mentioning component

of the traditional Cretan diet are wild greens, which have a considerable flavonoid

and omega–3 content [31, 33, 57]. Furthermore, wild greens consumed in Crete

have a higher content of flavonols in comparison with fresh vegetables com-

monly consumed in Europe, which is important in the context of the association

of flavonoids with cardiovascular risk reduction and cancer [67, 68]. It is remark-

able that wild greens contain more flavonoids than an equal quantity of red wine

or black tea, which for other countries are the main flavonoid sources [26, 69].

The increased light exposure, part of Crete’s climate, could also provide an

explanatory mechanism [70]. It should also be mentioned that the total phenolic

content of chemically analyzed Cretan edible blites was found higher than those

of Northern Greece [71]. The polyphenolic and antioxidant content of wild
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greens is also higher when compared to cultivated vegetables [9, 53]. Moreover,

wild edible plants are good sources of �-linolenic acid and contain higher

amounts of it than cultivated plants [57]. For example, purslane contains 400 mg

of �-linolenic acid in 100 g [72].

Tomatoes are another important component of the traditional Cretan diet

and indispensable ingredient of the Greek salad [32]. Intervention studies with

different tomato products demonstrate increased protection from oxidative

stress, as evaluated by analyzing different markers (e.g. DNA damage and lipid

peroxidation) [73, 74]. This protective activity has been often attributed to the

tomato antioxidant lycopene [75]. However, tomato products are also sources of

other compounds with healthful properties, such as other carotenoids, flavonoids,

and vitamin C. From this standpoint, it is noteworthy that co-ingestion of sev-

eral different foods rich in antioxidants, such as fruits and vegetables, found in

abundance in the traditional Cretan diet, can play a significant role in the observed

protection from oxidative stress [76].

Meat, Meat Products, Eggs, Fish and Snails
On the one hand, epidemiological studies have shown that red meat con-

sumption is related to a high risk of coronary heart disease and some types of can-

cer [78, 79]. On the other hand, fish consumption is negatively associated with

cardiovascular disease [18]. What is worth mentioning for the traditional Cretan

diet is the nutritional content of the animal and animal products consumed. It can-

not be ignored that fresh fish, sardines, herrings, seafood as well as game and

snails contain EPA and DHA. Moreover, animals of Crete grazed from grass and

also ate fruits (like dried figs) and nuts from the ground rather than being fed. In

other words, what sheep, chicken and goats consumed was a good source of

omega–3 fatty acids (mainly �-linolenic fatty acid), which was also found in their

meat and products [34]. That is the reason why meat, cheese, eggs and snails in

Crete had a high concentration of n–3 [33]. For instance, the ratio of n–6:n–3 in

Cretan eggs has been found to be 1.3, whereas the average USA egg has a ratio of

19.4 [80].

Olive Oil
An inherent characteristic of the traditional Cretan diet in contrast with

Northern Europe was the use of olive oil and more particularly extra virgin

olive oil [77]. Its nutritional content may provide a possible explanatory mech-

anism for the longevity of Cretans. In addition to its peculiar fatty acid compo-

sition (high proportion of oleic acid), extra virgin olive oil contains a variety of

minor components [81]. Indeed, the concentration of the phenolic fraction (up

to 800 mg/kg oil) in the oil can predict its stability to oxidation [82]. It is note-

worthy that ‘extra virgin’ olive oil, obtained by squeezing the olive paste and
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with a low concentration of free fatty acids (acidity lower than 1%, as requested

by the current regulations), is much richer in phenolic compounds than refined

oils, that are obtained by neutralization of acidity from oils that exceeds the

given limits and are virtually devoid of phenols. Furthermore, these compounds

are responsible for the unique flavor and taste of the extra virgin olive oil. This

is related to the fact that olive oil is the only vegetable oil obtained from whole
fruits rather than from seeds and, thus, it retains all the organoleptic properties

of olives [82]. In turn, the traditional Cretan diet included the consumption of

extra virgin oil which has a unique flavor and taste. In the light of scientific evi-

dence, this dietary scheme rich in extra virgin olive oil can be used as a guiding

tool for the formation of nutritional guidelines.

4 servings

Poultry
4 servings

Fish
5–6 servings 

Dairy products
2 servings 

Olive oil
as the main added lipid

MEDITERRANEAN DIET

Monthly Red meat

Sweets
Eggs

Potatoes

Wine in
moderation

Olives, legumes, nuts

Weekly

Daily

Fruits
3 servings

One serving equals approximately one half of the portions as defined in the Greek market regulations
(portions served in restaurants)

Also remember to drink plenty of water, avoid salt, and replace it with herbs (e.g., oregano, basil, thume, etc.)

Vegetables
(including wild greens)

6 servings

Non-refined cereals and products
(whole grain bread, whole grain pasta, brown rice, etc.) 

8 servings

3 servings
3 servings

3 servings

3–4 servings

Fig. 5. The Mediterranean pyramid of Greece (Source: Supreme Scientific Health

Council, Hellenic Ministry of Health).
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The above particular characteristics of the traditional Cretan are better pre-

sented in the proposed Mediterranean pyramid by the Hellenic National Center

for Nutrition and Hellenic Ministry of Health [83]. From figure 5 it can be

assumed that the Greek Mediterranean diet pyramid is slightly differentiated

from the Mediterranean pyramid of 1993 and 2000 [10, 23], but it reflects in a

greater extent the features of the Cretan Mediterranean diet. More specifically,

this pyramid quantifies the recommendations of different food groups and high-

lights the consumption of whole grain cereals as well as that of wild greens,

while reminding the public to substitute salt for herbs (oregano, basil, thyme,

etc.), which have a considerable antioxidant capacity [53]. The fact that a food

guide pyramid should promote the consumption of foods rich in antioxidants

has been recently proposed in the Fifth Barcelona International Congress on the

Mediterranean Diet [84].

Nevertheless, the oversimplified Mediterranean pyramid of 1993 and its

latest form of 2000 [10, 23], as a food guidance tool for worldwide consumers,

provide some guidance but not as accurate as to reflect the traditional Cretan

diet identity and possible health benefits. After the completion of the Lyon Diet

Heart Study the research team believed that ‘the favourable life expectancy of

the Cretans could be largely due to their diet . . . if any Mediterranean diet

should be duplicated as a model of healthy diet, it should be the Cretan diet’

[85]. On the way to elucidate the potential health effects of micronutrients and

non-nutritive substances in foods of the traditional Cretan diet, it is imperative

that the efforts of the scientific community with that of media, local communi-

ties and agro-food producers are instrumented in order for the message of the

protective profile of this form of diet to be appropriately conveyed and rein-

forced. Despite the increasing knowledge on the potential health benefits of

certain components of the traditional Cretan diet, there is still much to be done

and until then the only ‘effective’ message to be conveyed to the public should

be based on a diet holistic approach appropriately emphasizing the principles of

the traditional Cretan diet.
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Abstract
The discovery and development of bioactive substances and their use in the manufac-

ture of food products has the potential to contribute to the optimal health of populations and

in reducing the risk of chronic disease. In assessing the efficacy of these substances in man,

the concept of biomarkers could play a key role. However, it is the validation of such bio-

markers which is crucial to the eventual availability of foods containing bioactive substances.

Determining the safety and efficacy of these substances, and in particular in establishing

claims, requires close cooperation between industry, regulatory authorities and the scientific

community.

Copyright © 2006 S. Karger AG, Basel

Changes in Nutrition – A Historical Review

The fundamental role of nutrition is to ensure an adequate intake of macro-

and micronutrients, enabling the efficient operation of metabolic processes.

This postulate has led to the development of recommendations on nutrient

intake (table 1). As long ago as the 1940s, the first recommendations for selected

nutrients were published in the USA [1] with the aim of avoiding nutrient defi-

ciency, classically manifested for example as scurvy in the case of vitamin C

deficiency.

It was subsequently recognized that, in addition to the problem of inade-

quate intake, certain nutrients can also be consumed in excess. For example, in

the 1960s there was an accumulation of scientific evidence that excessive fat

intake could cause a rise in blood lipids. The presence of elevated blood lipids,

or hyperlipidemia, in turn represents an important risk factor in the development
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of atherosclerosis, as has been subsequently proven [2]. An excess of certain

nutrients may thus also have a lasting and significant health impact, including

the onset of clinical disease.

This relatively simple concept of inadequacy versus excess was later

refined. In the 1980s, there was an increase in the number of scientific reports

suggesting that essential nutrients play a part in reducing risk factors for

(chronic) disease. One example of this is the role of antioxidant vitamins in the

prevention of cardiovascular disease [3].

Finally, at the end of the 1990s, research in nutritional science turned

increasingly to the role of non-essential nutrients in human health. Evidence sup-

porting the potential role of non-essential nutrients in reducing the risk of chronic

diseases continues to accumulate. The US Food and Drug Administration (FDA)

recently even authorized a further health claim to the effect that soy protein may

reduce the risk of cardiovascular disease [4].

The realization that nutrition not only serves energy and nutrient require-

ments, but can also have a significant additional important impact on health,

has led to the development of foods with a health-promoting effect.

Foods with a Health-Promoting Effect

What do we mean by foods with a health-promoting effect? Neither

the scientific literature nor legislation provides a clear definition. Terms used

as synonyms include ‘functional foods’, ‘designer foods’, ‘pharma foods’ and

‘agromedical foods’, to name but a few. The term ‘nutraceuticals’ refers to the

bioactive substances contained in such foods, and reminds us that these are

dietary ingredients, thus distinguishing them from pharmaceuticals [5]. The

complexity of this new field of nutrition is underlined by the fact that we not

only lack a generally accepted term but have so far failed to agree on a common

definition.

Table 1. Changes in nutrition – historical review

1940s Recommendations for selected nutrients aimed at avoiding disease due to 

inadequate intake (e.g. proteins, minerals, vitamins)

1960s Excessive intake of certain nutrients can also lead to disease (e.g. fat/cholesterol 

& atherosclerosis)

1980s Essential nutrients have a health effect in addition to their essentiality 

(e.g. vitamin E & cardiovascular disease)

2000 Non-essential nutrients have a health effect (e.g. soya & cardiovascular disease)
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In the German-speaking world, the Food and Consumer Safety Division of

the Swiss Federal Office of Public Health has proposed the following definition

of functional foods, which broadly matches that of other groups and authors

[6]: ‘. . . foods with a specific additional benefit that goes beyond the nutritional

benefit of the nutrients they contain’. In the USA, the Food and Nutrition Board

(FNB) of the National Academy of Sciences has defined functional food as ‘a

food that encompasses potentially healthful products, including any modified

food or food ingredient that may provide a health benefit beyond that of the

nutritional nutrients it contains’ [7]. This definition certainly describes very

well the role of bioactive ingredients in foods with a health-promoting effect.

Table 2 gives some examples of nutrients with demonstrated health benefits

that go beyond their physiological effects.

In simplified terms the development of bioactive ingredients for foods

with health-promoting effects can be divided into the following steps, which are

discussed in detail below: identification; safety testing, and efficacy testing.

Identification of Bioactive Ingredients for Functional Foods

The most common procedure for identifying bioactive substances is selec-

tion based on data from the available literature. If, however, the objective is the

discovery of large numbers of new bioactive substances, then this approach has

considerable limitations. In this respect, the technology of high throughput

screening (HTS), which has been developed in recent years in pharmacological

research [8], offers new opportunities for nutritional research. A modified HTS

concept for identifying new bioactive substances suitable for developing func-

tional foods is presented below.

The first – and probably most demanding – step is to identify a molecular

mechanism of action by which the sought bioactive substance exerts its effect.

Ideally the mechanism of action should be validated in man: that is, a substance

Table 2. Some examples of bioactive nutrients that

may contribute to improved health

Substance Occurrence Health effect

Folic acid → vegetables → spina bifida

PUFA → fish oil → cardiovascular

Lutein → spinach → visual impairment

Lycopene → tomatoes → prostate

Zeaxanthin → maize → visual impairment
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must be identified that leads to the desired health-promoting effect(s) by inter-

acting with the target molecule in the human body. This effect must be measur-

able by suitable biomarkers and/or endpoints in clinical studies. The HTS

process can be broken down into three basic steps, described in more detail

below: (i) the establishment of an extract library; (ii) in vitro testing of these

extracts to identify ‘hot fractions’, and (iii) classification of the bioactive sub-

stances in these ‘hot fractions’, including detailed structural analysis (fig. 1).

An extract library with a large chemical diversity of test substances is a

precondition for successful HTS. Substances that are part of the food chain –

such as extracts of foods from plants, microorganisms, fungi, animals and their

combinations – can be used to establish a library of this type. The complex

mixture of substances in the extracts may lead to overlapping biological and

physicochemical effects, such that active substances remain undetected or that

combinations of components produce false-positive results. To minimize these

effects, the individual extracts can be separated into further fractions with the

aid of high-performance liquid chromatography.

Using HTS, 100,000 or more samples a day can be tested for activity in an

in vitro test. In other words, HTS is not the bottleneck in naturally-derived com-

pound screening. The real challenge is the unknown composition and quantity

of the complex mixtures in the extract fractions under test. To avoid the time-

consuming isolation of false-positive components, great attention must be paid

to the quality, and especially the dynamics over a wide concentration range, of

the test systems used in HTS.

First screening

Mechanism of actionExtract library

Isolation

Classification 
Second screening

Structural analysis

Fig. 1. Flowchart of the screening programme for naturally occurring bioactive

substances.
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The next step in naturally-derived compound screening is the rapid and effi-

cient classification of biological activities and the chemical structures on which

they are based. Since many substances are present in a variety of extracts, it is

vital to classify them as early in the process as possible. The identification of

known, already isolated, substances in order to exclude them allows attention to

be focused on promising new candidates, and is therefore essential. Thanks to

the combination of liquid chromatography and accurate determination of molec-

ular mass by mass spectrometry [9], it is possible to predict the sum formula of a

large number of components of an extract and to compare them with substances

stored in chemical databases [10]. Many components can be identified by com-

bining the empirical formula with the UV spectrum and taxonomy of the plant

extract in question. The remaining unknown components are classified on the

basis of the exact mass number, retention time and UV spectrum. By integrating

these physical properties with the biological activities identified concurrently by

HTS, it is possible to focus on the isolation and detailed structural analysis of

promising new substances using nuclear magnetic resonance spectroscopy.

The bioactive substances identified by HTS are then subjected to a series

of further in vitro tests, such as bioavailability, stability and solubility, before

proceeding to in vivo testing in animals and eventually in humans. Where mol-

ecular biological, physiological and clinical knowledge is closely integrated

with the technological capabilities of HTS, computing and natural-product

chemistry, new bioactive substances can be efficiently identified to develop

foods with a health-promoting effect. However, as we shall see later, interdisci-

plinary collaboration is essential to the success of this approach.

Safety Testing of Bioactive Substances

The essential prerequisite for any bioactive substance intended for use in

food is that its safety be established by generally accepted criteria. The number

and scope of tests will naturally vary with different classes of substance, but in

simplified terms safety testing consists of in vitro tests, experiments on animals

and the performance of human studies. These studies are performed in accor-

dance with recommendations and guidelines established both by national legis-

lation and international bodies such as the WHO [11]. A further important

element of the safety program is the obtention of pharmacological and pharma-

codynamic data which characterizes the activity profiles of these bioactive sub-

stances in man. This information forms the basis for planning and performing

human efficacy studies. It is worth emphasizing that all human studies –

whether in the context of safety testing or the efficacy studies described below –

must comply with the ICH Guideline for Good Clinical Practice [12].
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Efficacy Testing of Bioactive Substances

Most naturally occurring bioactive substances are not essential to the human

body. This means that no known typical signs or symptoms appear if these sub-

stances are not regularly consumed. For example, while inadequate vitamin C

intake leads after a time to the classic deficiency syndrome of scurvy, such syn-

dromes do not exist for most naturally occurring substances with a postulated

health-promoting potential, such as flavonoids, polyphenols and phytoestrogens.

This means that a precondition for adding these non-essential bioactive sub-

stances to foods is proof of their efficacy in terms of a defined health marker,

such as an established biomarker.

Proving that a substance that occurs naturally in the food chain has a

defined health-promoting effect confronts scientists with a considerable chal-

lenge. The effects of these naturally occurring bioactive substances can only be

preventive, or more accurately they tend to reduce established risk factors for

chronic disease. Thus, the effects of these naturally occurring bioactive com-

pounds are fundamentally distinct from curative drugs. This means that the

effect of these substances on the human body may be minor over relatively short

periods – months or a few years – but can contribute significantly to health

when they are consumed throughout life as part of the daily diet.

It is also known that many chronic human illnesses begin to develop early

in life, but are only manifested – that is, impair individual health – very much

later. This time lag between the start of an illness and individually observable

symptoms applies to cardiovascular disease, osteoporosis and many forms of

cancer, and may last as long as several decades. Atherosclerotic changes can be

found in situ in the blood vessels of adolescents and young adults, or even ear-

lier [13]. However, clinical manifestations such as myocardial infarction, stroke

or intermittent claudication will generally appear only two or three decades

later. The same is true of osteoporosis, which results in bone weakness with an

increased risk of fractures. Bone is strongest between the ages of 20 and 30.

Afterwards – in women earlier than in men – there is a continuous decline in

bone strength, many people suffering fractures between the ages of 50 and 80.

Similarly, in malignant diseases of the stomach and prostate, up to 20 years may

elapse between the initiation – that is, the appearance of the first malignant cell –

and clinical manifestation of the cancer. The list of examples is by no means

exhaustive.

Investigating preventive properties in these naturally occurring bioactive

substances, when the effect may only be moderate, thus poses a serious

dilemma in nutritional research. To facilitate discussion of this problem, we

should first briefly examine what scientific possibilities exist for demonstrating

the efficacy of these substances.
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As briefly mentioned earlier, the various categories of scientific efficacy

tests comprise in vitro tests (molecular and cellular assays), animal experiments

and human studies, the latter being subdivided into epidemiological and inter-

vention studies. Often epidemiological studies – for example, to investigate the

relationship between diet and the occurrence of a disease in a relatively large

population – lead to a hypothesis, which is investigated further in vitro and in

animal experiments. Intervention studies may then be performed to demon-

strate efficacy in humans taking a specific amount of a bioactive substance each

day under precisely defined and controlled conditions.

The Concept of Biomarkers

The measurements used may be either intermediate endpoints or clinical

endpoints. Clinical endpoints, such as myocardial infarction, fractures, or the

occurrence or course of cancers, are typically used to investigate the efficacy of

drugs, that is, for therapeutic purposes. However, for the reasons discussed

above, clinical endpoints appear less suitable for studying the efficacy of bioac-

tive substances; that is, for prevention. We therefore need to take a closer look

at the concept of biomarkers and their role in demonstrating the efficacy of

bioactive substances.

Table 3 provides the definitions of ‘biomarker’, ‘surrogate marker’ and

‘clinical endpoint’ proposed by Zeger [14] at an NIH workshop on biomarkers

and surrogate endpoints. A surrogate endpoint – that is, a biomarker capable

of replacing a clinical endpoint – thus appears to be the appropriate parameter

for demonstrating the efficacy of naturally occurring bioactive substances in

human intervention studies, provided it meets certain criteria [15]: (i) it must

display good specificity and sensitivity; (ii) it must be standardized and vali-

dated; (iii) it must be non-invasive or, at most, minimally invasive, and (iv) it

must be inexpensive if it is to be widely used.

Table 3. Definitions of biomarker, clinical endpoint and surrogate endpoint

Biomarker
A characteristic that is objectively measured and evaluated as an indicator of

normal biological processes, pathogenic processes, or pharmacologic

responses to a therapeutic intervention

Clinical endpoint
A characteristic or variable that reflects how a patient feels, functions, or survives

Surrogate endpoint
A biomarker that is intended to substitute for a clinical endpoint
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With these provisos, the biomarker concept could be an essential element,

not only in the efficacy testing of bioactive substances but in nutritional science

in general. Using biomarkers, the moderate effects of natural bioactive ingredi-

ents on the human body could be studied without excessive strain on resources.

Most biomarkers are factors that signal the risk of developing a chronic disease

at an early stage. They therefore appear to be suitable parameters for investigat-

ing the preventive effect of bioactive substances, given that the goal of

improved nutrition is to reduce risk factors and hence the probability of devel-

oping chronic disease. Some examples of biomarkers are shown in table 4.

Of course, the biomarker concept also has its limitations. A single bio-

marker will almost certainly never be ideal. Rather, a series of biomarkers will

probably be required to examine the effect of a bioactive substance on human

health. With this biomarker profile, it will be possible to categorize the effect of

a bioactive substance on risk factors for chronic diseases or other functions of

the human body.

Lastly, it is important to note that in assessing the efficacy of a bioactive

substance, the results of in vitro tests, animal experiments and epidemiological

and intervention studies in man must of course be considered as a whole.

Bioactive Substances – Market Opportunities and Challenges

The aim of identifying bioactive substances for incorporation in foods with

a health-promoting effect is ultimately to market these substances in foods.

Certain safety and efficacy data are required for this purpose, as discussed

above. However, the amount of data required is defined by a very dynamic envi-

ronment. The individual players in this environment are university scientists,

regulatory authorities, industry and the consumer (associations), all of which

Table 4. Examples of biomarkers and clinical endpoints

Cardiovascular disease
Biomarker: serum cholesterol, blood pressure, etc.

Clinical endpoint: myocardial infarction, stroke

Osteoporosis
Biomarker: markers of bone formation, bone resorption and 

bone density

Clinical endpoint: bone fractures

Cancer, e.g. prostate
Biomarker: PSA?

Clinical endpoint: prostatic neoplasm or metastases
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have differing expectations and requirements of bioactive substances that may

be marketed in foods.

For university scientists the development of bioactive substances as food

ingredients offers an exciting research field. The biomarker concept, in particu-

lar, represents a golden opportunity to rapidly advance knowledge in nutritional

science. An important precondition for this is validation of the biomarkers.

This requires close collaboration between scientists in universities, regulatory

authorities and industry. Apart from safety, a very important factor in marketing

these bioactive substances or foods that contain them is the question of what

these substances ‘do’ and what can be said about them; that is, what claims can

be made. Defining this will require dynamic interaction between industry, the

regulatory authorities and scientific community.

It would be helpful if these parties could reach a consensus on what efficacy

data are needed to make a claim. It should also be possible for the wealth of data

accumulated in developing these bioactive substances to be converted into claims

in a ‘graduated manner’. Differentiation between ‘soft’ and ‘hard’ claims could be

useful in this respect. Epidemiological data in conjunction with in vitro and ani-

mal data could be considered ‘soft claims’, while results from human intervention

studies would be classed as ‘hard claims’ (fig. 2). Differentiation of the scientific

evidence in this way could contribute to more transparency for consumers. The

development of bioactive substances that lead to healthier foods should also not

be overburdened by demanding a proof of efficacy equal to that required for phar-

maceuticals. In this area regulatory uncertainty undoubtedly exists, and should be

addressed as part of the dialogue among scientists in universities, regulatory

authorities and industry. The aim should be to ensure that knowledge in the nutri-

tional field can be exploited in food production as quickly as possible to the ben-

efit of populations. On the other hand, there should be enough flexibility to allow

for changes as soon as better data are available. The sensible use of adequate and

validated biomarkers, for example, could help to ensure that discoveries in the

Molecular/cellular assays

Animal experiments

Human studies 
(epidemiological & 

intervention studies)

‘Hard’ claims

‘Soft’ claims

Fig. 2. Scientific data and claims.
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nutritional field can be implemented with greater speed, and so contribute to

optimized nutrition.

Apart from the tests discussed above in Safety Testing of Bioactive
Substances, deliberations on the safety of bioactive substances or foods that

contain them should take account of a further aspect, namely whether and to

what extent these bioactive substances have already been present in the diet

(history of safe use and exposure rate). It is conceivable that different levels of

safety testing could be necessary for bioactive substances that exert health-

promoting effects at doses only slightly above previous exposure (‘physiologi-

cal effect’) and those that achieve effects relevant to health only with an intake

many times the normal exposure (‘pharmacological effect’).

Concluding Remarks

The biomarker concept could represent a key element of nutritional science in

the development of naturally occurring bioactive substances. The discovery and

availability of such substances could contribute greatly to preserving health, espe-

cially in populations whose average age is predicted to rise dramatically because

of its demographic structure. This fact should not be underestimated, given that

healthcare costs are exploding, and any opportunity to reduce the pressure on pub-

lic health resources should be seized. Finally, to facilitate the marketing of such

substances within an acceptable time frame, it is essential that scientists, regulatory

authorities and food industry representatives work closely together.
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