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“Schleiden, in his principles of botany 
states: ‘Botany is an indispensable branch of 
knowledge for the chemist and physiologist’. 
I think he might have said, with equal truth, 
chemistry and physiology are indispensable 
branches of knowledge to the botanist”.
Helen C. De Silver Abbott
(Beginning of a lecture delivered before 
the Franklin Institute of the State of 
Pennsylvania, USA, 1887).
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Preface

This book was born from the close cooperation between two groups led by us: a 
group of ethnobotanists, working at three different centres ( IMIDRA, Universidad 
Autónoma de Madrid and Real Jardín Botánico de Madrid) and a group of food 
chemists working at Universidad Complutense de Madrid, with the purpose of im-
proving the knowledge of the wild edible plants traditionally used in the Mediterra-
nean area, especially about their nutritional aspects. This collaboration started at the 
end of 2006, with a research project granted by the Spanish Ministry of Education 
and Science (CGL2006-0946/BOS), studying 24 of the most important wild plants 
(20 vegetables and 4 fruits) habitually consumed in central Spain, at least in the last 
50 years.

Hence, the idea of writing a book about this topic with the central aim of compil-
ing and resuming the most relevant published nutritional data about the main wild 
edible plants traditionally consumed in the Mediterranean region. This information, 
not usually included in nutrient databases of foods, provides an interesting tool to 
be used with the purpose of the revalorization of wild food species, preservation 
of their traditional uses and also as alternatives to improve the diversity of modern 
Mediterranean diets, as they may represent valuable sources of nutrients often lack-
ing in modern societies, such as fibre or vitamin B9.

With this purpose, the work has expanded from the two initial groups to involve 
different contributors, including experts from different countries, most of them bor-
dering the Mediterranean Sea. As a result, a multidisciplinary approach has been 
achieved.

The book is organized into four parts that deal with different aspects of wild ed-
ible plants, the last one and largest offering a detailed compilation of ethnobotanical 
and nutritional information about some of the most important Mediterranean wild 
edible plants.

The first part, with five chapters, treats about different aspects of the ethnobot-
any of wild edible plants. Chapter 1 presents an historical perspective of the use of 
wild food plants in the Mediterranean region. Chapter 2 explains the characteristic 
of the Mediterranean climate and its influence on the landscape and the abundance 
of wild edible plants. Chapter 3 analyzes the trends of the wild food plant con-
sumption in Europe, highlighting the herbophilia of the Mediterranean countries. 
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Chapter 4 presents an ethnobotanical analysis of the wild fruits and vegetables tra-
ditionally consumed in Spain, an example that can be extensible to other countries 
of the Mediterranean region. Lastly, Chapter 5 discusses the availability of these 
wild resources as well as the possibilities of some of these species for cultivation.

The second part, with four chapters, is devoted to the importance of nutrients and 
bioactive compounds of the Mediterranean wild edible plants. Chapters 6 and 7 deal 
with their contribution to dietary intakes of micronutrients (vitamins and minerals, 
respectively), taking into account the current recommendations. Chapter 8 presents 
the fatty acid profiles of these plants, whereas Chapter 9 covers their role as sources 
of carotenoids, fibre, phenolics and other non-nutrient bioactive compounds.

The third part, with three chapters is about the biological activities of wild edible 
plants, as sources of antioxidants (Chapter 10) and components with antimicrobial 
actions (Chapter 11), as well as their potential biological–pharmacological activi-
ties (Chapter 12).

The fourth part is Chapter 13, a large descriptive dossier of 38 monographs about 
41 selected wild edible plants traditionally and widely consumed in different coun-
tries of the Mediterranean basin. These monographs have two sections. The first one 
consists of a botanical and graphical description of the species and a resume of the 
ethnobotanical data registered in the Mediterranean countries for this edible plant. 
The second section supplies composition data of their edible parts, in the format of 
conventional food composition tables, covering the main constituents of proximal 
composition, minerals, vitamins and other bioactive compounds as well as fatty 
acid profiles. These analytical data, based on the scientific literature, try to remark 
the nutritional relevancy of each one of the selected species, and may be a valuable 
tool to preserve or revalorize their food use.

Finally, we thank all the authors and collaborators who have contributed to the 
different phases of the elaboration of the present work, making possible the integra-
tion of many different branches of science in this book, which we hope could be 
useful for the valorization of wild edible plants and could help expand the knowl-
edge of this ancient human resource.

May 2015 María de Cortes Sánchez-Mata
Madrid Javier Tardío
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Chapter 1
A Historical Perspective of Wild Plant Foods  
in the Mediterranean Area

María Esperanza Torija-Isasa and María Cruz Matallana-González

1.1  Introduction

The human feeding process has experienced constant evolution through history. The 
first human beings were able to intuitively select from the environment products 
that could be used for food, preferring those which provided energy and nutrients 
and rejecting what they thought could be harmful. With the aim of satisfying the 
most basic need (hunger), they tried to use different natural products for food; later, 
in times of abundance, they could make a selection, and finally they learnt how to 
cook, preserve and produce food products (Toussaint-Samat 2009).

The human being is a selective omnivore, which means that his nutrition is not 
linked to one or several foods. His food habits allow him to choose between food 
from different origins and even between different varieties of a given food. The 
primitive food behaviour was influenced exclusively by natural appetite. Whether a 
certain kind of food is accepted or not depends first on whether a society considers 
it edible. Then, its acceptance depends on the sensorial exigencies, such as external 
aspect, odour, taste, flavour, texture and even the noise produced when it is con-
sumed. The consequences derived from that selection are mostly biological since 
foods provide energy, nutrients and other compounds for human organism. A right 
selection may have good consequences on health status, while a wrong choice may 
give rise to diseases; this has been sometimes empirically taken into account during 
the evolution of human beings to influence the acquisition of food habits. However, 
sociocultural factors have also produced changes in food behaviour since feeding 
is influenced by different individual or collective facts such as culture, economy, 
geography and environment, as well as physiology and personal psychology (Harris 
1991).
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From ancient times, humans took from the surrounding environment those prod-
ucts that could be used as food. Plant products known by primitive people were 
used with different objectives: food, medicine, production of materials (for example 
clothes) or magic rituals. Wild plant gathering has been a habitual practice since 
ancient times all over the world, especially in times of famine. Many species now 
considered as weeds were food for numerous cultures. Today, lots of them have 
been forgotten in our society even though they have an important nutritive value; in 
other countries, however, many plant species are still in use.

Phytogenetic resources are essential to improve food security, including seeds 
and propagation materials from traditional and modern varieties, and also wild spe-
cies, which are often used as food. The loss of these resources and the absence of 
suitable links between preservation and utilization are an important danger for food 
security in the future world. Despite their importance for human survival, plant 
biodiversity is being lost at an alarming rate. Hundreds of thousands of traditional 
heterogeneous varieties existing through generations in the fields until the begin-
ning of the twentieth century have been replaced by a small number of commercial 
modern varieties (Esquinas-Alcázar 2013).

For this reason, the Food and Agriculture Organization of the United Nations and 
the World Health Organization (FAO/WHO) are devoted to improve the knowledge 
and preservation of phytogenetic resources, with the aim to assure sustainable food 
provision in the future and contribute to the optimal utilization of the available ge-
netic resources, including wild plants which may be relatives of crop products, but 
may contain different genetic material allowing them to live in stress conditions or 
providing a higher nutritive value. In the past years, the importance of biodiversity 
has stood out in many campaigns, such as the FAO/WHO World Food Day, with the 
topic “Harvesting Nature’s Diversity” in 1993 or “Biodiversity for Food Security” 
in 2004 (FAO 2011a, b).

The wild flora has played an essential role in human feeding, and even nowadays, 
there are groups depending at a high rate on wild edible plants. In our environment, 
wild plants have been and are a seasonal complement for our diet, although in times 
of famine, they have been employed as emergency foods. The most valued species are 
even subjects of seasonal commerce, usually as consumer products and often in am-
bulant markets and are also present in some compilations of traditional food recipes.

1.2  Prehistory

The interpretation of the archaeological remains is not an easy task; however, the 
role of wild plants in the diet of communities during prehistory is supposed to be 
highly important. Wild plants are abundant resources, easily gathered and collected, 
which was the reason that, for example, young parts of Malva parviflora L., Rumex 
sp., Silene sp., Sisymbrium sp., Plantago sp. or Calendula sp. could be used as ha-
bitual foods by primitive civilizations (Peña Chocarro 2000). The hunter-gatherer 
societies had enough resources to survive, although in many cases they were sea-
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sonal resources. However, the study of wild vegetables used in the prehistoric period 
is difficult since most palaeobotanical remains include seeds and even fruits, but not 
frequently leaves. For example, Olària i Puyoles (2004–2005) mentioned the proofs 
for the collection of some wild fruits or seeds, such as Arbutus unedo, Quercus sp., 
Vitis sylvestris, Lathyrus sp., Pisum sp. and Olea sp. in Grotta dell’Uzzo (Italy) and 
also seeds of Papaver somniferum L., Myrtus communis, Rubus idaeus and acorns 
of Quercus sp. in Cueva del Toro (Antequera, Spain). Lopez et al. (2013) also men-
tioned the presence of wild Lathyrus cicera among others in “Cova des  Riuets” 
(Balearic Islands, Spain). Verde et al. (2004) supposed that many wild vegetables 
were widely used in the Palaeolithic in spring, especially plants living in wetlands 
(watercress) or sprouts from different species (asparagus). In the Neolithic, many 
weeds were still gathered, such as bugloss or bladder campion. Many of these spe-
cies were weeds growing in cultivated fields, especially grain crops, or in ditches 
(Alarcón 2013). With the development of agriculture, human beings started to grow 
a great number of species, beginning with those preferred for food or those more 
easily adaptable to cultivation, such as cereals and legumes, and also vegetables. 
However, many vegetables were never domesticated, including leaves, stems, flow-
ers as well as subterranean parts. An increase in the consumption of vegetables, and 
particularly greens, in this period of the history, might have had a role in the reduc-
tion of vitamin deficiencies (Latham 2002).

The adventitious species linked to fields, as well as ruderal species developed in 
some spaces modified by human beings, were used in the Neolithic period, such as 
Plantago sp., Chenopodium sp., Amaranthus sp., Polygonum sp. as well as some 
grains of wild species. Precioso-Arévalo (2003) mentioned plants which have been 
found in palaeobotanical remains belonging to the genus Silene, Chenopodium 
or Brassica, as well as Calendula arvensis M. Bieb. and Chenopodium album in 
 several archaeological sites in the East of Spain.

1.3  Ancient Civilizations

There are not only many evidences about cereal and legume crops in ancient Near 
Orient cultures but also of the gathering of nuts such as acorns, pistachios and al-
monds (Redman 1990). García Lenberg (1998) reported some difficulties to iden-
tify plants from palaeobotanical remains and cuneiform texts from ancient Meso-
potamia. According to this author, references to Allium genus, mainly garlic and 
onion, have been found, as well as different legume seeds, such as vetches. Cucum-
ber seeds may also have been consumed in Nimrud in the seventh century BC, al-
though it is not clear if they correspond to the same product that we know nowadays 
(Toussaint-Samat 2009).

In Egypt, many vegetables were highly valuable, such as garlic, onion, mint, 
caraway, fennel or coriander, firstly as wild herbs, but later as cultivated plants. 
Other vegetables with a double ornamental and food use were lotus and water lily, 
which became important for Egyptian food habits (Martínez Llopis 1989; Aboel-
soud 2010).
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Many of the most used plants are mentioned in Ebers Papyrus (sixteenth century 
BC), one of the most ancient maintained medical documents, compiling about 700 
remedies, not only explaining their medicinal applications but also some of their 
food uses. In this document, reference to lotus appears together with other veg-
etables such as onions, dates, pomegranates, poppy, elderberry or mint. Lotus, an 
aquatic plant of the Nymphaeaceae family known as “Egyptian white nenuphar” or 
“Egyptian white lotus”, was a symbol of water and origin of life, as its seeds and 
tubers were consumed as food in this culture (Aboelsoud 2010; Clifton 1986).

Vegetables were basic components of the Greek diet from ancient times, as 
shown in different references from ancient Greek literature. For example, Hesiod 
(eighth century BC) in his manuscript “Works and Days” referred again to lotus, 
adding also “what a rich treasure is given by asphodel and mallow…” (Vianello de 
Córdova 1979). Also, some relevant references to lotophagi (lotus eaters) can be 
found in Homer’s manuscripts (eighth century BC), such as Odyssey (XI, 76–104; 
V, 594–608) and Iliad (XIV, 346–351). Herodotus (484–425 BC) also mentioned 
two varieties of lotus: one growing close to the Nile river, and the other one in the 
so-called lotophagus country. This place is located on the coast of Libya (García 
González 2008).

Antiphanes (408–334 BC) wrote about people eating leaves (phyllotrôges), ei-
ther wild or cultivated; some comments illustrate how they used to be the main dish 
of the meal, being consumed either raw or cooked, and also accompanying other 
foods such as meat or fish, according to García Soler 2001. This author also indi-
cated that the roots and stems of mallows (maláche) were eaten either cooked alone 
or as an ingredient of other dishes.

The Greek historian Polybius (200–118 BC) made the first description of Lusita-
nia, indicating that wild fruits were better preserved there due to the characteristics 
of the air. He also said that there the asparagus did not stop blooming for more than 
3 months (Cubero Corpas 1994; García Quintela 2001).

Many wild plants gathered in ancient Greece also became cultivated, such as 
cabbage, called krámbe, being the flat variety the most widespread. Nicandrus (sec-
ond century BC) indicated that it sometimes grew wild and presented different co-
lours: brown, purple or “frog colour”. There were also different types of lettuces 
(thrídax). Another important wild edible species in classical culture was skólymos, 
which according to Dioscorides’ (first century AD) description may be identified 
as thistle or artichoke (Font Quer 1962). Other Asteraceae belonging to the genus 
Sonchus (sónkos) were less appreciated. The “patience herb” (lápathon), identified 
as Rumex spp., was usually eaten cooked, being highly appreciated for its pleasant 
taste and penetrant smell (García Soler 2001; Martínez–Llopis 1989).

Nettle was an appreciated plant in ancient Greece. Aristophanes (444–385 BC) 
wrote about nettle gathering before the swallows’ arrival. Later, Athenaeus of Nau-
cratis (249–150 AD) devoted a short part of the second book of Deipnosophistae 
(meaning “Dinner-table philosophers”) to nettle use (akaléphe). Teophrastus (372–
288 BC) also wrote about cooking of nettles, particularly young stems, and how 
they became cultivated vegetables. He also indicated that thistle leaves were also 
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eaten in Sicilia (being bitter and suitable for preservation in brine); thistle stems and 
inflorescences were also used.

Like the Greeks, it is known that Romans were very interested in eating wild 
nettles or mallow leaves. Many Roman authors have written about these uses: For 
example, Plautus (251–184 BC) wrote how Roman cooks prepared dishes using a 
lot of leafy vegetables and herbs dressed with other herbs. Martínez–Llopis (1989) 
commented about the high appreciation given by Romans to nettle, as well as mal-
lows, vine leaves or polypodium.

Marcus Terentius Varro (116–27 BC) also wrote about chard roots and leaves 
(white or black chards), cooked together with lentils; this author also mentioned the 
use of vine or mustard leaves, as well as parsley (called holisera). In Rome, thistle 
stems were also preserved in vinegar, honey or cumin, as indicated by Pliny the 
Elder (first century AD) in his Natural History; also in the widely known ancient 
roman cooking book De re coquinaria written by Apicius (first century AD), sev-
eral recipes are compiled using thistle midribs cooked, fried or dressed with sauces 
(Ibáñez Ártica 1995; Martínez–Llopis 1989).

Mention should be made about De Materia medica, written by Dioscorides. As 
the doctor of the army of the Roman emperor Nero, he had the opportunity to travel 
all around the Mediterranean, compiling the knowledge about the use of natural 
remedies, including about 600 plant species (López Eire, 2006). But he also de-
scribed other plant uses, such as food. For example, Dioscorides mentioned the con-
sumption of mallows roots and stems raw in salads, cooked and also as ingredients 
of several dishes (Font Quer 1962). The same author commented about eating the 
new growth of an indeterminate thistle, probably Cynara cardunculus L., cooked 
as asparagus.

Other vegetables eaten by Romans: wild Apium graveolens L. was appreciated 
for its leaves, seeds and stems, which were candied the same way as those of Angel-
ica sylvestris L. or A. archangelica L.; Umbilicus rupestris (Salisb.) Dandy (Venus 
navel) leaves were eaten raw in salads and highly lauded by Hippocrates; and Inula 
helenium L. roots, with a bitter taste, were used either as medicine or food, cooked 
or preserved in oxicrate (a mixture of water, honey and vinegar), considered useful 
for gastric diseases (Martínez–Llopis 1989; Grande de Ulierte 2014).

At this moment, the Mediterranean was characterized by its important com-
mercial activity, promoting the exchange of knowledge between different cultures 
surrounding this area: Phoenician, Greek, Carthaginian and Romans. The Roman 
Empire expanded to Asia Minor and Africa. Israel was also characterized by the 
use of herbs for food or seasoning, such as mint, dill or cumin mentioned in the 
New Testament (Mt 23, 23). After the fall of the Roman Empire, the Byzantine 
Empire influenced Mediterranean culture. Stephanus of Byzantium (sixth century 
AD) wrote about the islands Melussa and Kromyusa (thought to be Majorca and 
Minorca), whose names are derived from the translation of apple and onions, re-
spectively; they may give an idea that those were important plants growing and 
used in those regions (Cubero Corpas 1994). During all these centuries, the transfer 
of crops, medicinal and aromatic plants from East to West became very important 
(Hernández Bermejo and García Sánchez 1998).
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1.4  Middle and Modern Age

During the Middle Ages, agriculture was already widely expanded and many wild 
plants previously eaten had become cultivated vegetables, although many others 
such as wild nettle leaves, purslane, arugula or borage leaves were still used as 
foods. The writings of some Hispano-Arabic writers from the Andalusi Agronomic 
School (tenth to fifteenth centuries AD), such as Arib ben Said, Ibn Wafid, Ibn 
Hayyay, Abu l-Jayr or Ibn Bassal, reflect the introduction of some Oriental species 
in the Iberian Peninsula (Hernández Bermejo and García Sánchez 1998).

In medieval literature, such as The Miracles of Our Lady (written by Gonzalo of 
Berceo) or Codex Aemilianensis (the first glossary made in the Iberian Peninsula, 
presumably finished in 964 at the monastery of San Millán de la Cogolla), different 
wild plants growing around the paths and others in gardens are mentioned. The in-
terpretation made by Dutton (1980) of these works indicates the food use of some of 
the species mentioned, eaten mostly by poor people, who usually had better access 
to these products; many of them were also included in medieval pharmacopoeias. 
Some examples of the wild species used according to this author are gooseberries, 
said to be sweeter than sugar; cooked young nettle leaves; watercress, abundant in 
boggy places and slow streams and served as fresh salads throughout the year; or 
wild fennel widely used in the preparation of food and medicines, with a taste simi-
lar to anise (Dutton 1980; García-Turza 2004).

The arrival of Europeans to the New World played a crucial role for the introduc-
tion and exchange of plant species between Europe and America. Many chronicles 
reflect plants transported by colonists, farmers, physicians and naturalists on their 
arrival in America, but also the transport of American plants to Europe, many of 
which became adapted to cultivation (Hernández-Bermejo and García-Sánchez 
1998). Some species, such as wild purslane, are nowadays traditionally consumed 
in both Europe and America.

During the Renaissance, there was a renewed interest in Europe for classical 
culture, which was evident in art, literature and also in sciences. In this context, dif-
ferent authors afforded the translation of De Materia Medica written by Dioscorides 
to popular languages: The first one was edited in Venice by Giovanni de Farri in 
1542, followed by Pier Andrea Mattioli in 1543, both of them in Italian language. 
Also important was that of Andrés Laguna into Spanish, commented and published 
in 1555 (Font Quer 1962).

The habit of gathering plants from the wild has continued during centuries, 
linked especially to rural societies. They provided a source of food for many people 
in times of wars and famines, situations that become frequent during the sixteenth 
to nineteenth centuries. They often represented an important dietary contribution 
when men were fighting and women were in charge of bringing food to the fam-
ily. Sometimes, these plants were weeds growing in the crops, and their collection 
represented both a necessary agricultural practice and, at the same time, a source 
of food.
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But still the habit of gathering plants were often due to the fact that some species 
were considered as delicacies, as described by Nicolás Monardes, a Spanish physi-
cian and botanist from the sixteenth century who described how scorzonera roots 
preserved in sugar were almost as delicate to taste as those of coriander, which was 
used to make sweets. Also, the English gardener John Evelyn wrote in seventeenth 
century about eating some young shoots of scorzonera the same way as asparagus 
or cooked in pots, indicating the existence of a white and a red variety widely em-
ployed in Spain and Italy. In France, Jean-Baptiste de La Quintinie, the gardener of 
Louis XIV, mentioned the use of purslane for the king’s salads, preserved in salt and 
vinegar (Genders 1998).

Some species, such as Smyrnium olusatrum L., consumed as a vegetable and 
condiment in the times of Dioscorides or Columella (first century AD), became un-
derutilized from the seventeenth century, and no reference to it is found in the works 
of Spanish agronomists from the nineteenth century, presumably being displaced by 
other vegetables such as Apium graveolens. Some of these species are now plants 
growing in nitrified environments altered by human activities or are weeds in crops 
(Morales et al. 2011).

1.5  Contemporary Age

Nowadays, agriculture crops have displaced many of the previously known and ap-
preciated wild species. Some agricultural techniques, such as the use of chemical 
pesticides, often displace wild greens to places far from cultivated fields (Tardío 
et al. 2005). However, Mediterranean traditions have made possible that a consider-
able number of them continue being present in the diet of many people for different 
reasons: the pleasure of gathering wild plants from the fields, the knowledge about 
their good properties from either a nutritional or functional point of view, the inter-
est of keeping traditional food habits, or contrarily but not incompatible, the search 
for “new” (or forgotten) ingredients with unusual flavours, taste or textures in the 
so-called nouvelle cuisine.

Many ethnobotanical works have been recently published, registering the tradi-
tional knowledge about the plants used during the past decades, as can be seen in 
some of the following chapters, especially in Chap. 13. In Spain, for example, many 
studies have been carried out in various regions (e.g. Fajardo et al. 2000; Menéndez-
Baceta et al. 2012; Pardo-de-Santayana et al. 2005; Tardío et al. 2005; Verde et al. 
1998). A compilation of the wild edible plants traditionally consumed in Spain was 
published by Tardío et al. (2006). This study reflects the consumption of more than 
400 species for different food uses, including vegetables (e.g. Rorippa nasturtium-
aquaticum (L.) Hayek, Silene vulgaris (Moench.) Garke, Asparagus acutifolius L., 
Scolymus hispanicus (L.) and fruits ( Fragaria vesca L., Rubus ulmifolius Schott, 
Castanea sativa Mill., Fagus sylvatica L., Pinus radiata D. Don). Also in Italy, dur-
ing the past 25 years, the consumption of non-cultivated plants has been the focus 
of a growing number of studies devoted to document traditional knowledge about 
anthropology in an ethnoecologic/ethnobotanic context. Just to cite a few examples: 



10 M. E. Torija-Isasa and M. C. Matallana-González

Pieroni et al. (2005) informed about the use of unusual species in Central Lucania; 
Ghirardini et al. (2007) studied 21 communities in Italy where the gathering, pro-
cessing and consumption of wild edible plants are still important activities despite 
the socio-economic changes, with species such as Asparagus acutifolius, Reichar-
dia picroides (L.) Roth, Cichorium intybus, Foeniculum vulgare, Sambucus nigra 
L., Silene vulgaris, Taraxacum officinale (L.) Weber ex F. H. Wigg. and Urtica dio-
ica L. as those common in many Italian regions and especially Borago officinalis L. 
as one of the most valued species; Scherrer et al. (2005) and Cornara et al. (2009) 
studied the use of different species in Campania and Liguria, respectively, to elabo-
rate different typical dishes as minestra of prebuggin. Other recent studies show a 
trend of revalorization of wild edible plants in Turkey (Dogan et al. 2004), Jordan 
(Tukan et al. 1998) and Bulgary (Nedelcheva 2013).

Although some previous studies about wild food plant composition exist (Cowan 
et al. 1963), from the eighties to the present day, wild edible species in the Medi-
terranean countries have been more intensively studied, including their biological 
activity (Heinrich et al. 2006). There have been many surveys about their role in 
human nutrition, such as those conducted in Spain (Guil-Guerrero and Torija-Isasa 
2002; Romojaro et al. 2013; Sánchez-Mata et al. 2012), Portugal (Barros et al. 2010; 
Martins et al. 2011; Pereira et al. 2011), Greece (Vardavas et al. 2006; Trichopoulou 
et al. 2000; Zeghichi et al. 2003), Italy (Aliotta and Pollio 1981; Bianco 1998; Gatto 
et al. 2011) and Turkey (Özcan et al. 2008; Yildrim et al. 2001).

This fact is connected not only with the inscription of the Mediterranean diet in 
the Representative List of the Intangible Cultural Heritage of UNESCO (UNESCO 
2015) but also with all the nutritional studies showing the health benefits induced by 
Mediterranean diet (Mosconi et al. 2014; Sofi et al. 2010). This Mediterranean diet 
should be understood not only as food choice recommendations where fruits and 
vegetables (either wild or cultivated) have a predominant role but also as a lifestyle 
in which the selection of local traditional products, the traditional culinary activi-
ties, the transmission of expertise, the sustainable development of rural communi-
ties and the preservation of the biodiversity is an essential part of the human–envi-
ronment interaction. The Mediterranean diet is characterized by a nutritional model 
that has remained more or less constant over time and space, from ancient times 
till nowadays, and its preservation is a challenge of the Mediterranean societies. In 
this context, all the studies which advance knowledge about traditional foods eaten 
in this area are quite valuable from both a cultural and a nutritional point of view.
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Chapter 2
The Mediterranean Landscape and Wild 
Edible Plants

Daniel Sánchez-Mata and Ramón Morales

2.1  Introduction

What do we think of when we evoke a Mediterranean environment? How can we 
define the Mediterranean landscape? From its Latin origin, the word Mediterranean 
means in the middle of the Earth, and this geographical name comes from the evi-
dence of an inland sea surrounded by different lands: the Mediterranean Sea.

The main impression of the climate in these lands is their mild and rainy win-
ters contrasting with hot and dry summers. This predominant set of features is a 
distinctive pattern for the Mediterranean macrobioclimate, typical in the Mediterra-
nean basin between South Europe, North Africa and West Asia, which is also found 
throughout southern and south-western territories on all the continents on Earth. 
These areas are often home to some common Mediterranean plants and Mediter-
ranean crops exported by European settlers, including wheat, asparagus, grapes, 
olives, citrus fruits, figs, carob, etc.

The lands in these regions around the world are covered by characteristic veg-
etation types involving dense forests, woodlands and thickets of woody shrubby 
plants of varying density, generally with evergreen sclerophyllous leaves. There 
are different vernacular names for these plant formations depending on the terri-
tories, languages, physiognomic structures and main species composition of the 
forests (such as encinar and quejigar in Spain) to shrublands ( coscojar, matorral, 
arbusteda, maquia, etc., in Spain; maquis in France and Israel; macchia in Italy; 
fynbos or renosterveld in South Africa; chaparral in California; matorral in Chile; 
and kwongan or mallee in Australia).
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The Mediterranean macrobioclimate and its associated Mediterranean vegeta-
tion have a restricted distribution ranging across a wide band of bioclimates, with its 
geological origins in the Pleistocene era (Axelrod 1973) and a dependence on cold 
ocean currents (Raven 1973). Thanks to these features, Mediterranean ecosystems 
show a remarkably high diversity in the heterogeneity of their plant and animal 
communities, landforms, lithologies and soil types (Di Castri 1981).

A closer look at the Mediterranean Basin regions (all the territories surrounding 
the Mediterranean Sea) shows that the Iberian Peninsula is the largest geographic 
area where a true Mediterranean macrobioclimate can be recognised; around 80 % 
of its area displays this macrobioclimate. Within other geographical territories and 
areas, such as the Italian, Balkan and Anatolian peninsulas, the Mediterranean mac-
robioclimate is present to a lesser degree (Fig. 2.1).

A key historical point to remember is that a great part of the European culture 
was developed in this region of the world. Human activity and management of al-
most all its ecosystems is therefore an ancient practice in the Mediterranean Basin. 
Mankind’s evolution in this area from hunter-gatherers to farmers occurred around 
8000 years ago, and since then the changes in our environment have become ever 
more pronounced. All the successive cultures who settled in the Mediterranean ter-
ritories used the natural resources as an important natural legacy. Wild plants were 
a major source of food and a key nutritional complement to the animal proteins 
obtained from hunting and fishing. Knowledge of wild edible plants has survived 
in more advanced farming and livestock societies, and in times of hardship, such 
as war and famine, it has once again served as a vital source of food and medicinal 
resources.

2.2  Mediterranean Macrobioclimate and Vegetation 
Around the World

Bioclimatology is an ecological discipline used widely in phytogeography to 
 determine the relationships between the climate and climatic variables (mainly 
 temperature and rainfall) and the geographic distribution of living organisms and 
their communities on Earth, focusing mainly on plant taxa and plant communi-
ties (Tuhkanen 1980; Rivas-Martínez et al. 2011). Various bioclimatic indexes have 
been successfully applied to describe, classify and map different vegetation types 
(Prentice 1990; Blasi et al. 1999; Gavilán 2005; Gavilán et al. 2007; Nakamura 
et al. 2007).

Bioclimatic models have shown significant reciprocity between climate and veg-
etation around the world and are compiled and explained in the recently published 
bioclimatic approach by Rivas-Martínez et al. (2011). This Worldwide Bioclimatic 
Classification System is the most useful tool for understanding the highly diverse 
climatic reality of our world in relation to the distribution and diversity of natural 
ecosystems. This classification system also enables the large-scale mapping of a 
series of bioclimatic indexes and major vegetation types, as adopted and recently 
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published by the United States Geological Survey for all the US conterminous 
territory (Sayre et al. 2009) and by the Association of American Geographers for 
the African continent (Sayre et al. 2013).

Macrobioclimates are the supreme typological units of the above-mentioned 
bioclimatic classification system. They are biophysical models defined by specific 
climate and vegetation values covering a broad territory, and are connected with the 
major accepted climate types, bioregions and biogeographical regions on the Earth. 
Following the European tradition, there are five recognised macrobioclimates: 
Tropical, Mediterranean, Temperate, Boreal and Polar. Their respective subordinate 
units or bioclimates are represented by a series of plant formations, biocoenoses and 
typical plant communities.

Emberger (1954) defined the Mediterranean climate as ‘an extratropical climate 
with seasonal and daily photoperiodicity, with rainfall concentrated in the cold or 
relatively cold seasons of the year, summer, the hottest season, being dry’.

This sound definition dating from the 1950s was studied and debated for years. In 
the 1980s, the Mediterranean macrobioclimate was defined as transitional between 
the Temperate and Tropical macrobioclimates. It is characterised by its concentra-
tion of rainfall in winter, a variable summer drought, high variability of year-on-
year precipitation, mild to warm or hot summers, cool to cold winters and intensive 
solar radiation, especially in summer (Di Castri 1981). Along the south-western 
coasts of the continents where the Mediterranean macrobioclimate typically occurs, 
marine fog and high air humidity are frequent climate processes.

A modern view of the Mediterranean macrobioclimate, its typical features, its 
characteristic bioclimatic indexes and its distribution throughout the emerged lands 
in the world using an objective bioclimatic discrimination can be found in the above-
mentioned compilation by Rivas-Martínez et al. (2011). The most notable aspect of 
the Mediterranean macrobioclimate affecting its main vegetation types is the re-
stricted summer rainfall when temperatures reach their maximum, creating the real 
but variable period of drought which is characteristic of this macrobioclimate. This 
summer drought is the most important ecological factor for natural Mediterranean 
vegetation and for crops, all of which are also exposed to irregular rainfall (monthly 
and yearly) that increases the severity of the Mediterranean macrobioclimate.

Plants that have developed and diversified in areas with a Mediterranean macro-
climate have acquired special characteristics adapting their morphology and metab-
olism to survive during the drought period and to resprout after wildfires, a frequent 
phenomenon affecting natural vegetation in Mediterranean areas.

The main Mediterranean vegetation types (natural potential vegetation) through-
out the Mediterranean Basin are sclerophyllous or marcescent oak forests and 
woodlands at lower elevations, marcescent oak forests in middle elevations and 
conifer forests or woodlands at higher elevations. Conifer forest communities are 
always the structure of the natural potential vegetation at the timber line, and they 
are present as the tree line in Mediterranean high mountain territories. A wide vari-
ety of shrubby plant communities structure different formations as xeric vegetation 
as well as perennial herbaceous vegetation. Annual vegetation (structured by the-
rophytes) develops as pioneer vegetation elsewhere or as nitrophilous formations 
close to human or animal sites covering a diverse group of habitat types.
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Thus, typical Mediterranean shrublands are mainly xeric formations from forest 
vegetation series, or potential vegetation developed in more xerothermic territories. 
In the Iberian Peninsula, these potential shrublands cover broad areas of the Ebro 
River basin and vast areas throughout the south-eastern Iberian territory. In general, 
we can define Mediterranean shrublands as scrub formations, developed primarily 
within the more xerothermic range of Mediterranean bioclimates. They are char-
acterised and structured by woody shrubby plants usually with small, stiff, thick, 
broad evergreen leaves (sclerophyllous leaves), sometimes with an overstory of 
small scattered trees, with or without an understory of annuals and herbaceous pe-
rennials. These usually dense formations may be the natural potential vegetation in 
extreme xerothermic Mediterranean territories (primary vegetation) or permanent 
vegetation in sloping or rocky sites, cliffs, etc. They can also represent different 
successional stages according to the bioclimate and/or human impact (secondary 
vegetation). These shrublands are always fire prone in territories with a Mediter-
ranean bioclimate.

In the diverse territories with a Mediterranean macrobioclimate around the 
world, the vegetation shows a similar structure, but with different plant taxa, dy-
namics and origin. Figure 2.2 shows several selected climatic diagrams from four 
different places of California, Chile, South Africa and Australia; summer drought is 
a common feature of these graphs, clearly displaying the Mediterranean character 
of their bioclimate.

In western North America, from the Pacific Ocean to the Sierra Nevada Moun-
tains, Californian Mediterranean vegetation is very diverse (Barbour et al. 2007). 
We can distinguish the Temperate macrobioclimate moving north to the Oregon 
border and the Tropical moving south to the Mexican border or southeast into ter-
ritories in Nevada and Arizona. West to east, from the Pacific coast to the Sierra 
Nevada foothills, continentality can be assumed to be the cause of the extreme con-
trast between the redwood ( Sequoia sempervirens (D. Don) Endl., Cupressaceae) 
and coast live oak ( Quercus agrifolia Née, Fagaceae) forests along the Pacific ar-
eas. Continentality increases eastwards towards the Great Central Valley, and these 
forests are replaced mainly by woodlands of grey pine ( Pinus sabiniana D. Don, 
Pinaceae) and blue oak ( Quercus douglasii Hook. & Arn.) in the foothills and of 
valley oak Quercus lobata Née in the valley bottoms. Ascending through Sierra Ne-
vada, conifer forests appear from the middle elevations to the higher areas, mainly 
formations structured by Pinus sp. pl. (Pinaceae), Calocedrus decurrens (Torr.) 
Florin (Cupressaceae), Abies lowiana (Gordon) A. Murray bis (Pinaceae), Abies 
magnifica A. Murray bis and Tsuga mertensiana (Bong) Carrière (Pinaceae) in an 
altitudinal succession. The characteristic California chaparrals are typical Mediter-
ranean shrubby vegetation. As in the Mediterranean Basin, these formations may be 
xeric vegetation from forest communities at disturbed sites, potential vegetation in 
the more xerothermic areas or permanent plant communities if they grow in special 
habitats or soils.

The structure of the Mediterranean vegetation in central Chile is comparable to 
California from the Pacific Ocean to the foothills of the Andean ranges (Dallman 
1998). The Mediterranean territory extends north south from La Serena to north 
of Concepción, including the capital city of Santiago de Chile. Matorrals in the 
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more xerothermic regions with cacti and bromeliads or along the coastal areas or 
Andean foothills—Lithraea caustica Hook. & Arn. (Anacardiaceae), Quillaja sap-
onaria Molina (Rosaceae), Acacia caven (Molina) Molina (Fabaceae), Echinopsis 
chiloensis (Colla) H. Friedrich & G.D. Rowley (Cactaceae), etc.—and sclerophyl-
lous woodlands—Cryptocaria alba (Molina) Looser (Lauraceae), Peumus boldus 
Molina (Monimiaceae), Maytenus boaria Molina (Celastraceae), Jubaea chilensis 
Baill. (Arecaceae), etc.—are the most frequent Mediterranean formations.

Fynbos (fine bush) is the most widespread and diverse native formation through-
out the Mediterranean macrobioclimate territory in South Africa, located between 
the Western Cape and Port Elizabeth to the east. Fynbos is dominated mainly by 

Fig. 2.2  Climatic diagrams of four stations with Mediterranean macrobioclimate around the 
world, showing their characteristic summer drought period. a San Luis Obispo, CA (USA). b El 
Bosque (Chile). c Cape Agulhas (South Africa). d Perth (Australia)
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evergreen shrubs with a high index of biodiversity and endemicity. Proteaceae, 
Ericaceae and Restionaceae growing alongside succulent plants ( Euphorbia, Aloe, 
etc.) structure the woody community characteristic of the Western Cape region of 
South Africa with a Mediterranean macrobioclimate (Dallman 1998).

The kwongan formations in Western and South Australia show a similar structure 
to the South African fynbos. This is a typical form of sclerophyllous scrub vegeta-
tion found mainly between Perth and Adelaide. The mallee formations are structured 
by several species of Eucalyptus (Myrtaceae), adopting a multitrunk architecture 
originating from resprouts after wildfires. These formations can be seen in the drier 
northern half of the Mediterranean macrobioclimate region of South Australia north 
of Adelaide. Woodland and forests structured by Eucalyptus sp. pl. still remain in 
the wetter areas of Western and South Australia. There are several plant formations 
with a well-defined structure characteristic of typical Mediterranean vegetation 
throughout the Australian landscape (Dallman 1998).

Figure 2.3 shows four different Mediterranean plant formations and communi-
ties around the world.

Fig. 2.3  Several Mediterranean landscapes around the world showing their typical features. a A 
climactic serpentine chaparral (xero-edaphic potential vegetation) in California (Napa County). b 
A vegetation mosaic with several shrub formations in an open holm oak woodland ( Quercus ilex 
subsp. ballota (Desf.) Samp.) in eastern Spain. c A dehesa formation, with the same species in 
central Spain. d A mosaic of managed Mediterranean vegetation in Crete (Amari Valley)
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2.3  Mediterranean Basin Territories: Richness  
and Biodiversity

The Mediterranean Basin territory is the largest area in the world characterised by 
the Mediterranean macrobioclimate. This territory also has a more complex geog-
raphy and geomorphology than any of the other Mediterranean macrobioclimate 
regions. In the north, the land is divided into four large peninsulas: the Iberian 
Peninsula in the west, the Italian Peninsula in the centre, the Balkan Peninsula in the 
east and the Anatolian Peninsula in the eastern area, connecting with Asian territo-
ries to the east and with Syria, Lebanon and Israel to the south. The southern coast-
line of the Mediterranean Sea has a less rugged silhouette, with the countries of the 
Maghreb (Morocco, Algeria and Tunisia) separated from the Middle East by a broad 
band of Libyan and Egyptian desert. The area of Mediterranean macrobioclimate 
in the countries of the Mediterranean Basin is primarily coastal, with larger inland 
extensions in the Iberian and Anatolian peninsulas (Rivas-Martínez et al. 2011).

One of the main features of the climate in the Mediterranean Basin territories is 
its extremely varied rainfall pattern, a reflection of its vast area and complex geog-
raphy. Generally, rainfall is greater in the north than that in the south, and its value 
increases with elevation in the numerous mountain ranges throughout the region. In 
the northern area, the high-mountain territories sometimes show a true Temperate 
macrobioclimate, with the summer drought disappearing due to the high altitude. 
The rainfall pattern and its seasonal timing also vary from one region to another, al-
though summer is always the driest season. The wettest season varies in each coun-
try and the values depend on the direction of the prevailing winds every season. 
As a result, the average summer drought also varies considerably in the territories 
of the Mediterranean Basin. The average temperature during the year, combined 
with the rainfall values, defines the high variability of bioclimatic features within 
the Mediterranean macrobioclimate throughout the Mediterranean Basin countries, 
north to south and west to east (Rivas-Martínez et al. 2011). Figure 2.4 shows six 
typical Mediterranean climatic diagrams.

The explanation for the Mediterranean Basin’s ancient history is that its lands 
represent the adjoining portions of three much larger continents (Europe, Africa 
and Asia). The history and origin of the flora in the Mediterranean Basin has been 
discussed by many authors, and it is particularly worth highlighting the classic work 
of Pons and Quézel (1985) and later contributions. A wide diversity of plant species 
and communities is found throughout the Mediterranean Basin regions, the richest 
areas being the Iberian, Balkan and Anatolian peninsulas.

The vegetation and plant communities of these territories feature several woody 
trees usually considered as true Mediterranean tree species, and their range of dis-
tribution is widely used to define or consider the extent of the Mediterranean mac-
robioclimate: the cultivated olive tree ( Olea europaea L., Oleaceae) and several 
related species of Mediterranean oaks, chiefly the holm oak ( Quercus ilex subsp. 
ballota (Desf.) Samp.). Other woody species widely distributed in the Mediterra-
nean Basin areas are the Aleppo pine ( Pinus halepensis Mill.) and the kermes oak 
( Quercus coccifera L.).
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The natural potential forest vegetation and main vegetation types throughout the 
Mediterranean Basin are structured by oaks or conifers. The main vegetation types 
covering the mountain areas are forests and woodlands; above the timber line and 
tree line, frequent low-growing and cushion-shaped shrubs, spiny cushion plants or 
perennial grasslands are sometimes the dominant plant formations in high-moun-
tain landscapes. In more xerothermic areas, the so-called maquis, garriga or simply 
matorral is the most extensive formation when trees cannot grow; matorrals can be 
also considered as different vegetation types developed on disturbed or altered sites 
where forest species form the natural potential vegetation and its vegetation series. 
Other distinctive xeric vegetation types are perennial and annual grasslands with a 
high biodiversity and grazed by cattle; bulbs and other geophytes play a major role 
in these plant formations in maintaining the community structure and species diver-
sity. Natural dynamic processes—including deep fire adaptations—and the various 
systems of managing the natural vegetation used by man since ancient times have 
shaped the landscape in the Mediterranean Basin for centuries.

Furthermore, most of the food crops cultivated in the area were originated in the 
Mediterranean Basin and in Middle Eastern regions. Wheat, barley, legumes (such 
as lentils and chickpeas), vegetables (such as artichokes, asparagus, cabbage, leeks, 
onions and garlic), and fruits and seeds (such as grapes, olives, almonds and acorns) 
are only a few good examples.

Fig. 2.4  Climatic diagrams of six stations of the Mediterranean Basin. Again, the summer drought 
period characterises the Mediterranean macrobioclimate in all these places. a Granada (Spain). b 
Rabat (Morocco). c Cuers-Pierrefeu (France). d Rome (Italy). e Crete (Greece). f Antalya (Turkey)
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2.4  History and Management: Changes in Mediterranean 
Vegetation

The Mediterranean Basin is a vast and ancient territory where different cultures 
have been active since time immemorial. All the peoples and cultures who settled 
in these areas were also influenced by cultures from Asia, Sumer, Persia, Babylon, 
Egypt, etc. This mixture of peoples has often produced a multicultural reality both 
in ancient times and in the modern day.

The Mediterranean Sea was the most convenient channel for communication and 
trade throughout this vast territory. Although many ecosystems were common to all 
the countries of the Mediterranean Basin, others were specific to certain regions. 
Moreover, the constant exchange of plants and plant materials (including cultivated 
and horticultural plants) was a frequent practice between the different cultures in 
the Mediterranean.

Cultural activities always take place in relation to nature, and nature has been 
changed and managed in order to adapt it to the different cultural conditions and 
human needs. The various systems of managing nature are also cultural features of 
each territory and have led to the different characteristics of each geographical area. 
The present Mediterranean landscape is the complex result of human activity in the 
management of nature for its own benefit (Morales et al. 2011).

The impact of these activities on nature brought major changes to Mediterranean 
ecosystems, and the pristine Mediterranean vegetation was transformed through hu-
man intervention. This was not only due to agriculture, livestock and the building 
of cities but also due to mining for metals, a key activity throughout its history. A 
complex mosaic began to develop as distinctive landscapes evolved as a result of 
cultivation activities and animal farming around rural settlements (Fig. 2.5). Natural 

Fig. 2.5  The transformation of the pristine vegetation for cultivation fields or livestock was the 
most important human activity in the Mediterranean landscapes. a Woodland of holm oak ( Quer-
cus ilex subsp. ballota (Desf.) Samp.) at the top and in the foreground a barley crop in Guadalajara 
province (CE Spain). b The cork oak woodlands ( Quercus suber L.) maintain a large black pig 
population managed in Huelva province (SW Spain)
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woods and bushes were transformed into a new cultural space where crops and 
grasslands could be identified with boundaries defining their ownership. Natural 
ecosystems survived in singular localities.

All these changes promoted nitrogen-loving (nitrophilous) plants. Many are as-
sociated with farmlands and cultivated plants (weeds), and others grow near places 
of human habitation (ruderals) or live along the borders of paths, roads or cattle 
tracks, carried by man and domestic animals in their seasonal migration. Annuals 
like Matricaria aurea (Loefl.) Sch. Bip. and Matricaria discoidea DC. (Asteraceae) 
or perennials like Chamaemelum nobile (L.) All. (Asteraceae) are widely used 
chamomiles growing around cattle trails in mountain areas (Pardo-de-Santayana 
and Morales 2010). Numerous weeds and ruderal plants are used and collected as 
wild vegetables in the Iberian Peninsula, such as Scolymus hispanicus L. (Astera-
ceae), Silene vulgaris (Moench.) Garcke (Caryophyllaceae) and Silybum marianum 
(L.) Gaertn. (Asteraceae) (Tardío 2010).

These species grow in synanthropic plant communities included in several phy-
tosociological vegetation classes. The complete syntaxonomy of this kind of veg-
etation can be found in several major general compilations, such as Rivas-Martínez 
et al. (2001, 2002) for Spain and Portugal, Pott (1995) for Germany and Chytrý 
(2009) for the Czech Republic, among others.

Although the landscape is constantly changing due to new agricultural techniques 
and the testing of new crops, it is worth noting that the Mediterranean landscape has 
its own attributes. Although it is changeable, we can usually delimit smallholdings 
on the plains, sometimes with trees dotted amid the crops, terraces on mountainsides, 
with verges and sites with natural vegetation where oaks, pines and shrubs grow. The 
landscape is a part of each geographic territory and comprises a geological scenario 
covered by a carpet of plants in which the geological formations and lithology deter-
mine the appearance of the landscape. Managed forest sites have evolved into tradi-
tional Mediterranean formations known as dehesas (Spain and influenced countries) 
or montados (Portugal and influenced countries). These formations are structured by 
scattered trees (usually oaks) with perennial and annual grasslands growing in the 
understory, and are always used for agriculture and livestock (Fig. 2.5b).

2.5  Seasonality and Wild Plant Food Gathering in the 
Mediterranean Region

Seasonality is very strong under Mediterranean climate conditions (Fig. 2.6). For 
this reason, certain wild plants are collected and consumed at particular periods of 
the year. Late winter, and especially spring, is in general the best time to collect 
vegetables that reach their higher development while being still tender, though de-
pending on the local climatic conditions, they could be collected in other parts of 
the year. One example is Rumex pulcher L. (Polygonaceae), which is at its best in 
early spring when the plant has developed its basal leaves and before the growth of 
the flowering stems, or the young shoots of Tamus communis L. (Dioscoreaceae), 
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which are collected in mid-spring. However, nowadays freezing methods make pos-
sible the consumption of some wild vegetables all year round.

A frequent process in the Mediterranean region is the alternation of good and 
bad years as a result of the interrelationships of climate conditions, plant produc-
tion and the harvest process. Very dry autumns in Spanish continental sites signal 
the beginning of a bad year for collecting wild vegetables which develop during 
this season and produce their stems and leaves in late winter and spring. These 
years frequently led to famines in the past, as rain-fed crops needed more or less 
the same conditions as these wild edible plants. Other wild edible plants with oth-
er conditions were especially sought after in these years. Many wild plants grew 
around the outer edges of crops and were also associated with some of them. For 
example, Asparagus acutifolius L. (Asparagaceae)—which grows in oak forest 
communities, in olive groves and, in the past, inside rain-fed farm crops—has very 
tough underground organs like tuberous roots, and in dry years also produces new 
shoots or asparagus.

However, there are also species that are not so dependent on the yearly climat-
ic variation, such as Montia fontana L. (Portulacaceae) and watercress ( Rorippa 
nasturtium-aquaticum (L.) Hayek, Brassicaceae) that always grow where there are 
permanent waters.

However, usually the years of famine are recalled by the population and associ-
ated with wild edible plants. Some of the older population near the city of Madrid 
(Spain) are familiar with a large number of wild edible plants, since their collection 
was important for survival during a succession of years of shortage after the Span-
ish Civil War. Various species of Rumex (Polygonaceae), Scolymus hispanicus L., 
Silene vulgaris, Silybum marianum, Onopordum sp. pl. and Sonchus oleraceus L. 
(Asteraceae) and Anchusa azurea Mill. (Boraginaceae) have been used as stewed 
vegetables (Tardío et al. 2005). The young shoots or asparagus of Asparagus acuti-
folius, Bryonia dioica Jacq. (Cucurbitaceae), Tamus communis and Humulus lupulus 
L. (Cannabaceae) have also been eaten stewed (Tardío et al. 2005). A large number 
of other plants have been consumed in salads or eaten raw, such as Foeniculum 

Fig. 2.6  Seasonality is a very determinant condition for the life in the Mediterranean areas. The 
same humanised landscape from Guadalajara province (CE Spain) was pictured a in springtime 
and b in fall period of the same year
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vulgare Mill. and Scandix australis L. (Apiaceae), Chondrilla juncea L., Manti-
salca salmantica (L.) Briq. & Cavill., Scorzonera laciniata L., Sonchus crassifolius 
Pourr. ex Willd. and Taraxacum sp. pl. (Asteraceae), Montia fontana and Rorippa 
nasturtium-aquaticum (Tardío et al. 2005).

If spring is the season of vegetables, late spring and summer is the season of 
aromatic plants used for seasoning. The diverse floras of the Mediterranean Basin 
countries provide numerous highly scented species. Chemical compounds from the 
essential oils are produced in the secondary metabolism of all these plants and are 
present in the small uni- or multicellular dots that are transformed hairs located on 
the epidermis of leaves and flowers. These tiny dots burst, and the essential oil evap-
orates into the air producing their pleasant aromas, even when the plants are dried. 
One of the biological advantages of the presence of these chemical compounds is 
that plants are protected from being eaten by large animals or phytophagous insects 
and from bacterial infections. Taking advantage of these features has certainly been 
the main reason of why aromatic plants have been used by man since ancient times 
as medicines, food preservatives and condiments. This was most likely the primary 
reason for using these plants.

Seasonings feature strongly in the Mediterranean culture as culinary ingredi-
ents for cooking, and numerous aromatic plants have been traditionally used as 
flavouring and food preservatives (Tardío et al. 2006). The essential oils and other 
components of all these plants also have noteworthy antimicrobial and fungicidal 
properties.

There is a high biodiversity within this group of species belonging to different 
families. Lamiaceae, Apiaceae and Asteraceae are the main aromatic plant families 
in the territories of the Mediterranean Basin.

Most of these species frequently used as seasoning belong to the Lamiaceae fam-
ily, such as oregano ( Origanum vulgare L.), thyme ( Thymus L. sp. pl.), rosemary 
( Rosmarinus officinalis L.) and mint ( Mentha L. sp. pl.). Oregano is a key ingredi-
ent in the home-made products elaborated in the Spanish traditional matanza or pig 
slaughter (Tardío et al. 2006). Some species of the Apiaceae family are also used, 
such as fennel ( Foeniculum vulgare s.l.), an excellent seasoning and preservative 
for olives.

Some of these aromatic plants are also used to make herbal liqueurs, as alcohol 
is a good dissolvent for the essential oils, the most important chemical compounds 
in these plants.

Finally, autumn is the season for gathering fruits. Trees are the most important 
source of berries and nuts, especially those of the Fagaceae and Rosaceae families. 
In the past, the acorns of Quercus sp. pl. species, especially those of Quercus ilex 
subsp. ballota, were the most important source of starch (Guarrera 2006; Tardío 
et al. 2006). Afterwards, the seeds of a cultivated tree, the chestnut Castanea sativa 
(Fagaceae) replaced the acorns as source of starch in some regions. The fleshy fruits 
of trees in the Rosaceae family, such as Malus sylvestris (L.) Mill., Pyrus cordata 
Desv., Sorbus aria (L.) Crantz or Sorbus torminalis (L.) Crantz, are also consumed. 
They can be eaten ripe and are also commonly used to elaborate liqueurs. Another 
important little tree frequently present in the Mediterranean basin is Arbutus unedo 
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L. (Ericaceae), which produces an edible fruit that can be collected and eaten in late 
autumn (Tardío et al. 2006; Molina et al. 2011).

Shrubs are very common in landscape formations throughout the territories of 
the Mediterranean biogeographical region (Rivas-Martínez et al. 2007) as potential 
vegetation or as replacement formations of forests and woodlands after they have 
been altered. More than 400 different species of shrubs—especially from the Faba-
ceae, Cistaceae, Ericaceae and Lamiaceae families— are found growing in these 
diverse plant communities, both as climatic climax vegetation (potential vegetation) 
in high-mountain altitudes or in extreme xerothermic conditions.

Wild fruits of some species of these shrubs are commonly collected in the Medi-
terranean region in riparian areas and on forest edges, where a number of shrubs 
from forest fringe communities usually grow. Fruits of several species of Rosaceae 
of the genera Rubus (such as R. ulmifolius Schott), Rosa (such as R. canina L.) and 
Prunus (such as Prunus spinosa L. and Prunus insititia L.), and other species such 
as Ribes uva-crispa L. (Grossulariaceae) and Arctostaphylos uva-ursi (L.) Spreng 
(Ericaceae), are collected for being eaten raw or as ingredients in jams, marmalades 
or plant liqueurs (Tardío et al. 2006).

2.6  Weeds as Wild Vegetables of Croplands

Weeds are one of the main crop problems. Chemical weedkillers are now widely 
used to clear crops of weeds, whereas in the past, hand-weeding was a routine activ-
ity throughout the agricultural year that provided of good wild vegetables for animal 
and human consumption. One example is Asparagus acutifolius, called espárrago 
triguero in Spanish (asparagus from the wheat fields) because in the past it could 
be found within the cereal crops growing as a weed (Tardío 2010). Besides this 
species, many other species of weeds were consumed, such as Chondrilla juncea, 
Cichorium intybus L., Papaver rhoeas L. and Sonchus oleraceus. For example, the 
basal leaves of Cichorium intybus, or chicory, were eaten in salads or stewed, and 
their toasted roots were widely used in the past as a coffee substitute in the Medi-
terranean countries. Today with the widespread use of weedkillers, it is sometimes 
hard to assess whether wild edible plants growing around crops can be eaten or not.

Many of these Mediterranean weeds can be included in the group of thistles. 
These plant communities are known as cardales or cardizales in Spanish and some-
times are dominant on disturbed sites and abandoned cultivated lands, but always 
with a high level of nitrogen in the soil. Almost all the species are from the As-
teraceae family, belonging to the genera Onopordum, Scolymus, Silybum, Carduus, 
Cirsium, Carlina, Cynara, Cnicus, Centaurea, Galactites, Echinops, Carthamus, 
Picnomon, Xanthium, Atractylis and Notobasis (Barão and Soveral 2010). Thistles 
usually have prickles and thorns to protect against animals and humans. They are 
often sun-loving (heliophilous) plants characterised by their dense flower heads or 
capitula which are very variable in size and shape but always have the same struc-
ture.
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As is well known, the artichoke is a cultivated form of the wild artichoke or car-
doon ( Cynara cardunculus L., Asteraceae), an edible thistle whose leaf petioles and 
immature capitula are traditionally consumed. There are other wild relatives, such 
as C. humilis L. and C. tournefortii Boiss. & Reut., whose immature inflorescences 
are also eaten. Other edible thistles are Silybum marianum, Onopordum macracan-
thum Schousb. and Scolymus hispanicus (Tardío 2010). All these plants have edible 
basal leaves; when peeled they are often used as stewed vegetables, especially in the 
case of S. hispanicus, one of the most highly prized wild vegetables throughout the 
countries of the Mediterranean Basin.

The flowers of some thistles are used as condiments and as natural food colour-
ings (saffron substitutes), such as Scolymus hispanicus and the cultivated Cartha-
mus tinctorius known as azafrán de cardo (thistle saffron) or azafrán moruno and 
used like saffron. The flowers of Cynara humilis and Cynara cardunculus are also 
used to curdle milk for making local varieties of cheese.

Some species from other botanical families are also considered and known as 
thistles due to their thorny organs. Example includes Eryngium campestre L. (Apia-
ceae), whose basal part of the young shoots and the roots also can be eaten, and 
where the edible and associated fungus Pleurotus eryngii (DC.) Quél (Pleurotaceae) 
also grows.

2.7  Social Implications: The Pleasure of Collecting 
Plants. The Countryside as a Mediterranean or 
Aromatic Garden

Many older people today are interested in collecting wild plants. Some are extreme-
ly proficient local experts in the places the plants grow; this knowledge is typi-
cally the domain of women, while men are mostly the collectors. For elderly retired 
people, it can be very pleasant to walk in the countryside during springtime when 
the sun is shining and temperatures are usually mild, and to gather plants as their 
ancestors did before them, thus preserving these ancient traditions from a past era 
when this knowledge was a common place. Collecting wild edible plants is highly 
recommended for active senior citizens, as it is a healthy pursuit for both body and 
mind: walking, memorising the names and characteristics of the plants and then 
consuming high-quality natural plant products.

Also the social importance of gathering plants in Mediterranean environments 
is evident: good climate conditions, the pleasure and satisfaction of collecting wild 
edible plants today and a lifeline in times of scarcity, such as during or after wars.

In the countries of the Mediterranean Basin, the landscape is a vast garden with 
numerous different aromatic plants and a wide range of edible vegetables and fruits 
in several moments of the year, such as late winter, spring, summer and autumn. 
For people of limited means, foraging wild plants is a way of supplementing their 
nutritional need, as their forebears did in the past.
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It can also be a good excuse for engaging in local sightseeing activities in some 
regions by organising excursions for people to collect wild edible plants, learning 
where they grow, when they can be picked and then how to cook and eat them.
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Chapter 3
Nutritional Ethnobotany in Europe: From 
Emergency Foods to Healthy Folk Cuisines and 
Contemporary Foraging Trends

Łukasz Łuczaj and Andrea Pieroni

3.1  Introduction

In several countries and regions of Europe, ethnobotanical studies and reviews give 
us a picture of traditionally used wild food plants, for example, in Spain (Aceituno-
Mata 2010; Benítez 2009; Bonet and Vallès 2002; Criado et al. 2008; Dávila 2010; 
Gonzalez et al. 2011; Parada et al. 2011; Pardo-de-Santayana et al. 2005, 2007; 
Pardo-de-Santayana and Morales 2010; Polo et al. 2009; Tardío et al. 2005, 2006; 
Rivera et al. 2005; Tardío 2010; Velasco et al. 2010; Verde et al. 2003), Portu-
gal (Carvalho and Morales 2010; Pardo-de-Santayana et al. 2007), Italy (di Tizio 
et al. 2012; Guarrera 2003; Guarrera et al. 2006; Ghirardini et al. 2007; Paoletti 
et al. 1995; Picchi and Pieroni 2005; Pieroni 1999, 2001; Pieroni et al. 2002, 2005), 
Greece (Della et al. 2006; Forbes 1976), France (Marco et al. 2003), Bosnia-Her-
zegovina (Redžić 2006), the whole Mediterranean area (Hadjichambis et al. 2008; 
Leonti et al. 2006; Rivera et al. 2006a), Austria (Christanell et al. 2010; Schunko 
and Vogl 2010; Schunko et al. 2012), Switzerland (Abbet et al. in press), Poland 
(Kujawska and Łuczaj 2010; Łuczaj 2008, 2010a, 2010b, 2011; Łuczaj and Ku-
jawska 2012; Łuczaj and Szymański 2007), Slovakia (Łuczaj 2012a), Hungary 
(Dénes et al. 2012), Belarus (Łuczaj et al. 2013a), Croatia (Łuczaj et al. 2013b, 
2013c), Bulgaria (Nedelcheva 2013), Ukraine (Łuczaj 2012b), Sweden (Svanberg 
1998, 2011, 2012), Iceland, and the Faroes (Svanberg and Ægisson 2012). Some 
of these papers were coming from a special volume of the journal Acta Societatis 
Botanicorum Poloniae, which was devoted to the ethnobotany of wild food plants 
(Dénes et al. 2012; Kalle and Sõukand 2012; Łuczaj 2012a; Svanberg 2012) and 
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also contains a separate article summarizing the changing in the use of wild food 
plants in Europe (Łuczaj et al. 2012). In this chapter, we include the main points 
drafted in that article extended by looking at the latitudinal and longitudinal aspects 
of wild food plant use in Europe.

Plant use patterns are usually not constant. Nowadays, in most cases, ethno-
botanical studies reveal either a dramatic or gradual loss of traditional knowledge 
and practices (e.g., Łuczaj 2008; Sõukand and Kalle 2011; Turner et al. 2011). The 
changes in patterns of wild plant use differ by region and are associated with the 
general socioeconomic changes in Europe. Moreover, times of famine seem to be 
in the distant past for industrially developed countries. Food made of cultivated 
plants and bought from the supermarket appears on the table with relatively little 
effort, while collecting wild species is more time consuming and season dependent. 
In spite of that, the importance of wild food plants for food security and in shaping 
alternative models of consumption is emphasized (Madej et al. 2014; Muller and 
Almedom 2008). Moreover, in Europe, there are new phenomena associated with 
plant use appearing in modern societies. Some of them have to do with migration 
and new ethnic minorities appearing in cities and bringing new traditions with them. 
For example, Ukrainian migrants throughout Europe tend to collect Rumex spp. for 
their traditional green borsch, and Asian migrants look for bracken fiddleheads in 
European woods (Pieroni and Gray 2008; Picchi and Pieroni 2005). In Great Britain 
and Ireland, many members of the large Polish minority search through the woods 
looking for fungi species traditionally gathered in Poland to the surprise of the local 
mycophobic population. Other phenomena appear due to new tendencies in nutri-
tion and self-medication facilitated by the rapid spread of information via the Inter-
net. On top of that, not all the traditions are gone; in some areas, old traditions are 
cultivated for a variety of reasons, while in others, they are lost.

3.2  A Gradual Decrease in the Necessity of Use of Wild 
Food Plants

The use of wild plants in Europe is often associated with times of famine or food 
scarcity (although not exclusively). Most of the early studies on the use of wild 
food plants in Europe—from those coming from the nineteenth century until more 
or less the 1960s—capture the memory of famine and the use of wild plants for 
survival, including the consumption of starvation foods that in normal times would 
be discarded by the community. There were many outbreaks of famine in some 
parts of Europe in the nineteenth and twentieth centuries. Probably one of the most 
serious was caused by the potato blight (1844–1849). This affected many potato-
dependent countries, from Ireland to Poland (Maurizio 1926, 1927, 1932; Ó Gradá 
2009). Locally, famines due to crop failure appeared in some parts of Europe for a 
few successive decades (Häkkinen 1992; Nelson 1998; Svanberg 2007; Svanberg 
and Nelson 1992). A severe famine hit Russia in 1892, then there was World War I 
(1914–1918) and the revolution and the establishment of the Soviet Union which 
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brought famine in 1921–1922 (Sorokin 1975). In 1932–1933, millions of people 
starved to death in the Ukraine (Conquest 1987; Ó Gradá 2009). The Spanish Civil 
War (1936–1939) and later World War II (1939–1945) brought another revival of 
emergency food (Matalas and Grivetti 2007). For most European countries, this was 
the last episode of serious lack of food, apart from the Balkans when the conflicts, 
which emerged during the collapse of Yugoslavia, caused a series of food crisis. The 
best documented and the longest one is the over 3-year siege of Sarajevo, which 
was captured from inside by the Bosnian botanist Sulejman Redžić, who not only 
recorded the emergency plants used, but also tried to alleviate the crisis by running 
media programs explaining the use of wild plants in the besieged city (Redžić 2010; 
Redžić et al. 2010).

Two kinds of poverty food are dominant in memories or sources from the nine-
teenth century: plants used to make potherb or soup and those employed as ad-
ditional ingredients for making bread. The use of potherb/soup wild vegetables 
composed of many species survived mainly in the Mediterranean, at least in some 
rural areas, whereas in other parts of Europe, such soups are usually made with few 
species, for example, nettles ( Urtica dioica L.) or sorrel ( Rumex spp.). However, 
the use of wild plants for making bread has almost completely disappeared from the 
European diet. The famine bread ingredients consisted of a large variety of prod-
ucts, including even clay, cambium of trees, and wood shavings. Other common 
additions were acorns, lesser-used seeds of Fabaceae plants (e.g., Vicia spp.), dried 
and milled leaves, rhizomes and roots, sometimes even mosses and lichens. Still, 
most of the plants used in times of famine were also used when just a shortage of 
grain occurred in the spring time (Łuczaj 2011; Maurizio 1926; Tardío 2010). Some 
of the plants used during famine were the species used also at normal circumstances 
but in small amounts; others were only used in severe famine. Some of the plants 
commonly used in times of even slight food scarcity are now completely forgotten 
(Table 3.1).

Although it was probably not perceived as so by the historical users, many of the 
uses of wild food plants are related to the diversification of a monotonous diet in 
non-famine times. In many Mediterranean countries (e.g., Portugal, Spain, Italy and 
Greece), different Lamiaceae and Apiaceae species have also been used to spice 
various products. The use of wild food plants for this diversification does not de-
pend so much on the geographical position or the variety of the flora of the users 
but on access to supplies and the knowledge and creativity of the cook. In northern 
Europe, the choice of aromatic plants is not so large as in the south, but the available 
aromatic plants were used in a similar way, particularly juniper ( Juniperus commu-
nis L.) pseudo-fruits and caraway ( Carum carvi L.) fruits (Kalle and Sõukand 2012; 
Łuczaj 2011). It is worth noting that local aromatic Lamiaceae species, so omni-
present in the Mediterranean cooking, rarely found their way in northern European 
cuisine. The exception is, for example, the use of Mentha spp. (e.g., M. longifolia 
(L.) Huds.) to spice the cheese-and-potato filling of dumplings in parts of southeast 
Poland (Łuczaj 2008, 2011). The scarcity of aromatic plants in northern Europe 
sometimes attracted attention to even relatively toxic species such as Tanacetum 
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vulgare L., which was used to be added to omelettes in England or some dishes in 
eastern Slovakian (Ruthenian) cuisine (Phillips 1983; Łuczaj 2012a).

The earliest work on children’s wild food snacks comes from the Slovakian bota-
nist Jozef Ludovit Holuby (1896). It is believed that the way children approach 
nature may be a relic of how our ancestors did (Łuczaj and Kujawska 2012; Łuczaj 
2012a). Kids often participated in their mother’s gathering activities (Łuczaj 2008), 
but they seem to have had a “folklore” of their own, mainly with plants eaten raw 
(Kalle and Sõukand 2013; Łuczaj and Kujawska 2012, Tardío et al. 2006). These 
were often flowers (which contain some sugar in their nectar, such as Lamium al-
bum L.), mature fleshy fruits, nuts and seeds as well as some tasty and interesting-
looking immature fruits, for example, Capsella bursa-pastoris (L.) Medik. or Malva 
spp., widely eaten across Europe (Kalle and Sõukand 2013; Łuczaj and Kujawska 
2012; Tardío et al. 2006; Tardío 2010). Other snacks are often specific to certain 
regions of Europe and are reported only from one country.

Children taste everything, sometimes even poisonous plants, but the bitter taste 
usually warns against future consumption. Thus, early age experimentation may 
have been a continuing source of introduction or reintroduction of food plants in 
the diet (Łuczaj and Kujawska 2012). Some of the snacks tasted in childhood were 
still occasionally “in use” in adulthood, but the majority of modern adults simply 
do not get many chances to eat them again. Nowadays, even in rural areas, children 
do not spend as much time in the fields as their parents or grandparents did. They 

Table 3.1  Examples of famine plants important in nineteenth century or early twentieth century 
nutrition in Europe, now nearly forgotten. (Adapted from Łuczaj et al. 2012)
Species (Part used) Country
Elytrigia repens (L.) Desv. ex Nevski (rhizomes) Poland
Arum spp. (bulbs) Croatia
Eryngium spp. (roots) England, Croatia
Trapa natans (fruits) Poland, Hungary, Montenegro
Polypodium vulgare (rhizomes) Poland, Slovakia
Angelica sylvestris L. (young stems) Estonia
Anthriscus sylvestris (L.) Hoffm. (young stems) Estonia
Equisetum arvense L. (tubers, spring shoots) Estonia
Cirsium oleraceum (L.) Scop.(young stems) Estonia
Cetraria islandica (L.) Ach. (thallus) Estonia
Crepis vesicaria subsp. haenseleri (Boiss. ex DC) P. D. S 
(basal leaves)

Spain

Quercus ilex subsp. ballota (Desf.) Samp. (acorns) Spain
Crataegus monogyna Jacq. (fruits) Spain
Rosa canina L. (young shoots) Spain
Chondrilla juncea L. (young shoots) Spain
Sonchus asper (L.) Hill (peeled midribs) Spain
Cichorium intybus L. (basal leaves) Spain
Scorzonera laciniata L. (tender leaves and stems) Spain
Silybum marianum (L.) Gaertn. (peeled basal leaves) Spain
Cynodon dactylon (L.) Pers. (rhizomes) Spain



373 Nutritional Ethnobotany in Europe

not only do not take part in pastoral and agricultural activities but generally spend 
little time outdoors.

A large influence on the use of wild foods in the twentieth century was the low-
ering price of sugar. Sugar was used in cooking centuries before. In Poland, al-
ready in the seventeenth and eighteenth centuries, sweets made with candied Acorus 
calamus L. rhizomes were used in large quantities by manor houses (Dumanowski 
2010). At this time, in England also, sugar was getting gradually cheaper (Burnett 
1989). However, the price of sugar was extremely high. When it became lower 
in the early twentieth century, rural populations in many countries, following the 
example of the higher classes, started making preserves using sugar. In northern 
Europe, in the nineteenth century, the major way of preserving fruits was drying 
(Łuczaj 2011). However, later, making jams and pasteurized juices and sweetened 
wines made of both cultivated and wild fruits became popular. This reached its 
climax in the 1980s during the economic crises after martial law in 1981 and in Es-
tonia in the 1990s when sugar was in short supply. Later, this trend disappeared due 
to the large choice of products in shops and the bad health reputation of sweetened 
foods (Łuczaj et al. 2012).

3.3  Reasons for the Contemporary Decrease in the Use of 
Wild Food Plants

The use of wild food plants in nutrition in many European communities, particular-
ly urban ones, is very low nowadays. In large parts of northern and Eastern Europe, 
people only collect wild fruits and mushrooms (Łuczaj 2008, 2010a, 2011, 2012b; 
Dénes et al. 2012; Kalle and Sõukand 2012; Svanberg 2012), whereas in Southern 
Europe, some wild greens, such as Asparagus acutifolius L., Scolymus hispanicus 
L., and Silene vulgaris (Moench.) Garcke, are also relatively popular (Tardío et al. 
2006, Tardío 2010). In some other areas, only a few species of wild vegetables are 
collected, for example, Rumex acetosa L. in Poland (Łuczaj 2010a) or Allium ursi-
num L. in the Alps (Schunko and Vogl 2010).

The consumption of many wild edible plants in the Western Mediterranean was 
strongly linked to traditional management activities such as tending livestock, char-
coal burning, or bracken harvesting. In some cases, it was also linked to casual 
walks in the woods, such as walking to school. As most of these activities are not 
common anymore, people have also abandoned the behaviors associated with them 
(Tardío et al. 2005). Another important activity in the acquisition and maintenance 
of knowledge about edible plants was herding (Fig. 3.1). When following cattle or 
sheep, children and adult herders had a lot of time to observe nature, as they moved 
through the landscape (Łuczaj et al. 2013c).

Many rural communities in Mediterranean countries still practice the gather-
ing of some wild vegetables, but this knowledge is becoming fragmented and the 
practice is restricted almost exclusively to older people (e.g., Aceituno-Mata 2010; 
Hadjichambis et al. 2008; Łuczaj et al. 2013c; Tardío et al. 2006). The loss of ac-
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cess to nature causes even such a universal plant use category as children’s snacks 
to gradually vanish. Many children have very little access to the rural environment, 
and the nomenclature of greens growing in urban settings is very limited.

Changes in the availability of species may affect their use. Chenopodium album 
L., once the most widely used wild food plant in Poland, is now difficult to collect in 
many areas, as herbicide spraying has almost completely eliminated it. Nowadays, 
the use of nettle (Urtica dioica) is more popular as this is a perennial and ruderal 
species, unaffected (or rather positively affected) by changes in agriculture. In the 
mid-twentieth century, an agricultural cereal weed, cornflower (Centaurea cyanus 
L.), was extensively used in Poland to make a fermented drink (Łuczaj 2011); how-
ever, later this use completely disappeared, probably due to the use of herbicides 
eliminating the cornflower (Łuczaj 2011). Modern agricultural practices, mainly 
deep ploughing and the use of herbicides, are also responsible for the lesser abun-
dance of wild vegetables in Spain (Tardío et al. 2005; Polo et al. 2009). Many of 
them were weeds of cereal crops and usually exploited as human or animal food 
when crops were hand-weeded. Some of them are currently consigned to roadsides 
or abandoned agricultural lands.

Generally, access to wild food resources is limited more by a lack of proper habi-
tats (e.g., for urban dwellers) rather than the lack of access to land. Probably only 
England, which has so-called trespassing laws, is an extreme example of limiting 
access for nonowners to wild resources—limiting public access to paths, roadsides, 
seaside, and common lands (see the Land is Ours campaign on the web against this 

Fig. 3.1  The collection of wild vegetables in the Mediterranean is closely connected with pastoral 
and agricultural activities and is a by-product of other activities, such as shepherding (as in this 
photo) or weeding crops. (Vrana (northern Dalmatia, 2013), photo by Łukasz Łuczaj)
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law). In contrast, in Scotland and mainland Europe, public access rights are much 
broader with the famous allemansrätt (i.e., “all people’s right”) in Scandinavia (al-
lowing even limited camping in someone’s empty land). Similarly, in Poland and in 
the Mediterranean countries, people roam freely through the landscape collecting 
fungi and medicinal plants in private lands.

In Eastern Europe, for example, in Poland and Estonia, the recent fashion for 
large short-mown lawns excludes the traditional ruderal flora abounding with spe-
cies such as Urtica dioica, Aegopodium podagraria L., and Arctium spp., a potential 
pool of many edibles (Łuczaj et al. 2012).

In Ukraine, many people stopped collecting birch sap and other wild foods after 
the nuclear catastrophe in Chernobyl (Łuczaj 2012b). For the few last years in Es-
tonia and Poland, many parents have forbidden their children to eat wild berries for 
fear of echinococcosis. The parasite is spread by foxes, who became abundant due 
to mass vaccination (Łuczaj 2012a).

In Spain, the changes in the availability of wild edible plants are caused by the 
abandonment of grazing, pollution of streams, consolidation of land parcels, and the 
abandonment of the protection of fruit trees in the landscape (Łuczaj et al. 2012).

The examples of overharvesting of wild food plants in Europe are actually not so 
common, compared to the overharvesting of medicinal plants. This can be attributed 
to the fact that food plants must be common to become food plants, whereas some 
medicinal plants can be a rare expensive produce, susceptible to extermination. The 
examples of overharvesting in Europe include: Rorippa nasturtium-aquaticum in 
Campoo, Spain; Artemisia granatensis for beverages in Spain (Łuczaj et al. 2012); 
and Polypodium vulgare in Poland (Łuczaj 2011). In Poland and Estonia due to the 
danger of overharvesting, some wild edible species are taken under protection (e.g., 
Allium ursinum—Łuczaj et al. 2012). In Eastern Europe, special combs were tradi-
tionally used to collect Vaccinium myrtillus L. berries. However, as they also dam-
age the plant’s leaves, forest authorities banned them long ago (Łuczaj et al. 2012).

3.4  Latitudinal and Longitudinal Gradients in Food 
Plant Use in Europe with Special Reference to Wild 
Green Cuisines

The most visible difference in the present plant use in Europe is the contrast between 
the Mediterranean and the part of Europe north of the Alps. In the whole European 
Mediterranean, wild greens used to be commonly eaten in large amount up until 
very recently, and they are still eaten in many rural areas of Italy, Greece, Turkey, 
Cyprus, Croatia, Herzegovina, and Spain (e.g., Aceituno-Mata 2010; Benítez 2009; 
Bonet and Vallès 2002; Carvalho and Morales 2010; Criado et al. 2008; Dávila 
2010; Della et al. 2006; Dogan 2012; di Tizio et al. 2012; Forbes 1976; Ghirardini 
et al. 2007; Guarrera 2003; Guarrera et al. 2006; Gonzalez et al. 2011; Hadjicham-
bis et al. 2008; Łuczaj et al. 2013b, 2013c; Marco et al. 2003; Paoletti et al. 1995; 
Parada et al. 2011; Pardo-de-Santayana et al. 2005, 2007; Pardo-de-Santayana and 
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Morales 2010; Picchi and Pieroni 2005; Pieroni 1999, 2001; Pieroni et al. 2002, 
2005; Polo et al. 2009; Tardío et al. 2005, 2006; Rivera et al. 2005; Tardío 2010; 
Velasco et al. 2010; Verde et al. 2003; see also Table 3.2 and 3.3). North of the Alps, 
wild greens are not gathered to such an extent now (e.g., Dénes et al. 2012; Kalle 
and Sõukand 2012; Łuczaj 2008, 2011, 2012a, 2013a; Svanberg 2012; Svanberg 
and Ægisson 2012). If they are still used, it is usually one of a few species, mainly 
used in soups.

Łuczaj (2008, 2010a) introduced the terms herbophilia and herbophobia to dif-
ferentiate the opposing cultural attitude towards the use of wild greens: seeking 
them as a valuable part of the diet and avoiding them/being scared of them. He ar-
gued that Polish folk culture can be seen as moderately herbophobous. Katz (2012) 
showed that Amazonia is a place of total herbophobia; the instances of using green 
vegetables in general are very rare in Amazonia societies. Łuczaj (2010a) pointed 
out that the lack of wild greens in modern diets can stem from three different factors:

a. General decrease in the use of wild food
b. “Herbophobia,” that is, avoiding any greens due to associations with famine, 

lack of nutritive properties, or classifying them as animal food
c. The competition between the cultivation of greens, for example, cabbage, other 

brassicas, spinach and lettuce in particular, and the use of wild greens

Table 3.2  List of wild greens of the minestrella soup, in northwest Tuscany, Italy. (Data Pieroni 
1999)
Allium vineale L. Picris hieracioides L.
Apium nodiflorum L. Plantago lanceolata L.
Bellis perennis L. Plantago major L.
Beta vulgaris L. ssp. maritima (L.)Thell. Primula vulgaris Hudson
Borago officinalis L. Raphanus raphanistrum L.
Bunias erucago L. Ranunculus ficaria L.
Campanula rapunculus L. Reichardia picroides (L.) Roth
Campanula trachelium L. Rumex crispus L.
Cichorium intybus L. Rumex obtusifolium L.
Cirsium arvense (L.) Scop. Salvia pratensis L.
Crepis leontodontoides All. Salvia verbenaca L.
Crepis sancta (L.) Babcock Sanguisorba minor Scop.
Crepis capillaris (L.) Wallr. Silene alba (Miller) Krause
Daucus carota L. Silene vulgaris (Moench) Garcke
Foeniculum vulgare Miller Sisymbrium officinale (L.) Scop.
Geranium molle L. Sonchus asper L.
Hypochaeris radicata L. Sonchus oleraceus L.
Lapsana communis L. Symphytum tuberosum L.
Leontodon hispidus L. Taraxacum officinale Web.
Lichnis flos-cuculi L. Urtica dioca L.
Malva sylvestris L. Urtica urens L.
Papaver rhoeas L. Viola odorata L.
Picris echioides L.
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Table 3.3  Wild green vegetables used in Dalmatia (southern Croatia) and in the adjacent south-
western Herzegovina. (Adapted from Łuczaj et al. 2013b, 2013c)
Allium ampeloprasum L. (Liliaceae) Myagrum perfoliatum L. (Brassicaceae)
Allium schoenoprasum L. (Liliaceae) Ornithogalum umbellatum L. (Liliaceae)
Allium vineale L. (Liliaceae) Papaver rhoeas L. (Papaveraceae)
Amaranthus retroflexus L. (Amaranthaceae) Picris echioides L. (Asteraceae)
Anchusa arvensis (L.) M. Bieb. and other species of 
the genus (Boraginaceae)

Plantago coronopus L. (Plantaginaceae)

Asparagus spp., mainly A. acutifolius L. and A. 
officinalis L. (Asparagaceae)

Portulaca oleracea L. (Portulacaceae)

Beta vulgaris L. (Amaranthaceae)- wild Ranunculus cf. neapolitanus Ten. 
(Ranunculaceae)

Borago officinalis L. (Boraginaceae) Ranunculus muricatus L. 
(Ranunculaceae)

Brassica oleracea L. (Brassicaceae) Reichardia picroides (L.) Roth. 
(Asteraceae)

Bunias erucago L. (Brassicaceae) Rhagadiolus stellatus (L.) Gaertn. 
(Asteraceae)

Capparis orientalis Veill. (Capparaceae) Rumex spp., included R. patientia 
(Polygonaceae)

Capsella bursa-pastoris L. (Brassicaceae) Ruscus spp. (Asparagaceae)
Centaurea scabiosa L. (Asteraceae) Salicornia herbacea L. (Amaranthaceae)
Chenopodium album L. (Chenopodiaceae) Salvia verbenaca L. (Lamiaceae)
Chondrilla juncea L. (Asteraceae) Scolymus hispanicus L. (Asteraceae)
Cichorium intybus L. (Asteraceae) Scorzonera laciniata L. (Asteraceae)
Cirsium arvense L. (Asteraceae) Scorzonera villosa Scop. (Asteraceae)
Clematis vitalba L. (Ranunculaceae) Silene latifolia Poir. (Caryophyllaceae)
Crepis sancta (L.) Babc. (Asteraceae) Silene vulgaris (Mch.) Garcke and 

related species (Caryophyllaceae)
Crepis spp. (Asteraceae) Smilax aspera L. (Smilacaceae)
Crepis zacintha (L.) Babc. (Asteraceae) Smyrnium olusatrum L. (Apiaceae)
Crithmum maritimum L. (Apiaceae) Sonchus spp. (Asteraceae)
Daucus carota L. (Apiaceae) Tamus communis L. (Dioscoreaceae)
Diplotaxis tenuifolia (L.) DC. (Brassicaceae) Taraxacum officinale Weber (Astera-

ceae) and other species from the genus
Erodium cicutarium (L.) L’Hér. ex Aiton 
(Geraniaceae)

Tordylium apulum L. (Apiaceae)

Eruca sativa Miller (Brassicaceae) Torilis nodosa (L.) Gaertn.
Eryngium maritimum L. and E. campestre L. 
(Apiaceae)

Tragopogon spp. (Asteraceae)

Foeniculum vulgare Mill. (Apiaceae) Urospermum picroides (L.) Desf. 
(Asteraceae)

Geranium molle L. (Geraniaceae) Urtica dioica L. (Urticaceae)
Hirschfeldia incana (L.) Lagr.-Foss. (Brassicaceae) Urtica pilulifera L. (Urticaceae)
Hypochaeris radicata L. (Asteraceae) Valerianella locusta L. (Valerianaceae)
Lactuca serriola L. (Asteraceae) Viola arvensis Murr. (Violaceae)
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However still, deconstructing the reasons of this division of Europe in a “herbophi-
lous zone” of the Mediterranean and a moderately herbophobous rest is a complex 
matter. Both ecological and cultural reasons can be behind it. The Mediterranean 
region can be characterized by low forest cover, dry summer, mild and wet winters, 
and it corresponds more or less to the area of olive cultivation. One of the explana-
tions may be the low fertility of many of the degraded maquis habitats, which made 
people to learn to utilize every possible species in the environment. In contrast, in 
less populated northern Europe, which also has a surplus of rainfall, large amounts 
of wild greens can be collected even if one knows only a few commonest species 
(Łuczaj 2008). That is why only a few species such as Urtica dioica, Chenopodium 
album, or Rumex spp. were mainly collected.

In some Italian and Spanish regions, a blend of many different wild species (up to 
40 or even 50) has been used in vegetable recipes in particular (Paoletti et al. 1995; 
Pieroni 1999; Tardío 2010; Turner et al. 2011). In Italy, complex wild vegetable 
soups are known in the North of the country: in Liguria (prebuggiun), in Friuli (pis-
tic) and in northwest Tuscany (minestrella di Gallicano) (Table 3.2). More often, 
however, wild greens—especially whorls and other tender aerial parts of several 
Asteraceae and Brassicaceae (i.e., Cichorium intybus, Picris echioides, Sonchus ol-
eraceus, Chondrilla juncea, Sinapis arvensis, Hirschfeldia incana, Brassica nigra, 
Urospermum dalechampii, Brassica fruticulosa, Rahapnus raphanistrum, Bunias 
erucago) were stewed, in Southern Italy and especially Sicily, with olive oil and 
garlic and daily consumed as a side dish. Similar blends of vegetables are made in 
Dalmatia, called mišanca, pazija, svakober, divlje zelje (Łuczaj et al. 2013b, 2013c; 
Table 3.3), in Spain (Tardío et al. 2006; Tardío 2010) and called chorta in Greece. 
Most of these wild greens have shown a remarkable antioxidant activity and im-
portant bio-pharmacological properties, which assign them a primary role in the 
prevention of ageing-related and other degenerative diseases (Local Food-Nutra-
ceuticals Consortium 2005; Schaffer 2005; Romojaro et al. 2013).

The abovementioned mixes were also known, and even had special names, but 
to a much lesser extent, in northern Europe. In such countries and Poland, Slovakia, 
Belarus, and Ukraine, mixed wild greens were usually made into a soup or potherb 
with other more calorie-rich ingredients (potatoes, flour, milk, cream, etc.). Even in 
the nineteenth century, however, these mixes usually included only a few species, 
much fewer than in the Mediterranean. This can probably be attributed to a larger 
biomass of greens available, which enabled gathering larger amounts of green veg-
etables even knowing only a few species such as Chenopodium album, Urtica dio-
ica, Aegopodium podagraria, or Heracleum sphondylium. Nowadays, the use of 
wild greens in the abovementioned countries has decreased dramatically. In Poland, 
recent ethnobotanical surveys show that respondents are unable to recall famine 
plants except for Urtica dioica and Chenopodium album (Łuczaj 2010a; Łuczaj and 
Kujawska 2012), thus present ethnobotanical studies, even if the oldest people are 
interviewed, cannot reveal the whole spectrum of plants used even just at the end of 
the nineteenth century. That is why it is important to quickly capture the memories 
of former wild food plants in the countries where few or no ethnobotanical works 
were carried out as well as to make use of historical sources. Some of the plants 
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used in potherbs and soups in central and northern Europe are the same or closely 
related species used in the south of Europe. Here we should mention, for example, 
Urtica used throughout Europe. Also, Chenopodium species, mainly Chenopodium 
album and Chenopodium bonus-henricus have been used for food in many coun-
tries of Europe. In northern Europe, Rumex acetosa and R. acetosella were and 
sometimes are used for soups. In the Mediterranean, a related species—Rumex pul-
cher—is used, mainly in mixed cooked vegetable recipes.

One of the most reasonable explanations is that actually the exploitation of wild 
vegetables represented in Southern Europe a by-product of the cereals domestica-
tion that took place during the Neolithic Revolution. The so-called Mediterranean 
diet is a food system based on a daily consumption of many grains, pulses, cheese, 
and especially vegetables; wild greens represented, especially until the very recent 
past and partially still nowadays, a crucial portion of these plant ingredients espe-
cially during the early spring and in the fall, and their role may have been largely 
underestimated by nutritionists and historians of food systems (Pieroni et al. 2002, 
2005; Rivera et al. 2005).

Cultural factors may have played an additional role in enhancing the use of wild 
greens. Although wild greens were used throughout Europe, in times of food scarci-
ty, their use in the Mediterranean may have been enhanced by the Greek and Roman 
culture. Ancient Greek writing emphasize the health benefits of wild greens and 
wild greens mixes or culinarily associated with the use of olive oil, so important for 
the Roman Empire. These two factors may have additionally increased the intensity 
of the use of wild greens in the Mediterranean. A similar situation occurs in East 
Asia (China, Japan) where the wide use of wild greens nowadays is enhanced by the 
belief of the healthiness of wild products (Kang et al. 2012). The proof that the wide 
use of many species of wild greens was not always restricted only to the Mediterra-
nean is Belarus. In western Belarus, around 20 species of wild greens were still used 
at the end of the nineteenth century. Their use was so intense that large amounts of 
wild greens were even dried for winter (Łuczaj et al. 2013b), a phenomenon not re-
corded in other European countries but widespread in China (e.g., Kang et al. 2012).

Another factor supporting the existence of wild-green centred cuisines is the 
maintenance of knowledge of the usefulness of some plants of lesser quality that 
could be necessary in times of scarcity (Johns 1994). It is a fascinating question, 
why these multispecies wild green mixes are remembered in some parts of the Near 
East and the Mediterranean, while they were completely forgotten in northern Eu-
rope, where they also existed in the nineteenth century or earlier.

If the north–south, division is very pronounced; clear west–east differences 
are difficult to see. In the Mediterranean zone, very similar plants, mainly weeds, 
are used both in the western and eastern Mediterranean. Plants such as Sonchus 
oleraceus, Daucus carota, Cichorium intybus, Crepis spp., Foeniculum vulgare, 
Portulaca oleracea, Tragopogon spp., Taraxacum spp., Silene spp., Rumex pulcher, 
Sinapis spp. etc. are eaten throughout the Mediterranean, and the small differenc-
es in the local choice of, mainly Asteraceae, plants are caused by the availability 
of particular species (e.g., Aceituno-Mata 2010; Benítez 2009; Bonet and Vallès 
2002; Carvalho and Morales 2010; Criado et al. 2008; Dávila 2010; Della et al. 
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2006; Dogan 2012; di Tizio et al. 2012; Ertuğ 2004; Forbes 1976; Ghirardini et al. 
2007; Guarrera 2003; Guarrera et al. 2006; Gonzalez et al. 2011; Hadjichambis 
et al. 2008; Łuczaj et al. 2013b, 2013c; Marco et al. 2003; Paoletti et al. 1995; 
Parada et al. 2011; Pardo-de-Santayana et al. 2005, 2005; Pardo-de-Santayana and 
Morales 2010; Picchi and Pieroni 2005; Pieroni 1999, 2001; Pieroni et al. 2002, 
2005; Polo et al. 2009; Tardío et al. 2005, 2006; Rivera et al. 2005; Tardío 2010; 
Velasco et al. 2010; Verde et al. 2003). Similarly north of the Alps, the commonest 
wild vegetables, for example, Chenopodium spp., Urtica dioica, Rumex spp. and 
Oxalis spp., were widely consumed from the Atlantic coast all the way to Russia 
(e.g., Dénes et al. 2012; Kalle and Soõkand 2012; Łuczaj 2010a; Nedelcheva 2012; 
Svanberg 2012).

Unfortunately, historical ethnobotanical data from the UK, France, and Germany 
are rather scattered, so it is difficult to compare the use of the wild greens in those 
countries compared to central-eastern Europe where recently these data have been 
well reviewed and summarized. In spite of the extremely small number of wild veg-
etable species used north of the Alps, some local specialities were still preserved. 
For example, in parts of Northern England, a special dish called Easter ledger pud-
ding is made using the leaves of Polygonum bistorta L. (Phillips 1983). In parts 
of Romania, Tussilago farfara L. leaves are commonly used to wrap sarma rolls 
(Dénes et al. 2012), and in several areas of both Western and Eastern Europe, Allium 
ursinum is used for soups and salads (Łuczaj 2012a).

3.5  New Trends Emerging

More recently, in times of the decreasing quality of supermarket foods, the interest 
in wild collected foods is gaining a lot of media attention. Numerous field guides 
are issued, and wild food/foraging workshops are organized. New culinary vogues 
are promoted by media and health-oriented people (see also Table 3.4).

As a part of this trend, articles such as acorn coffee, Allium ursinum-enriched 
products and birch sap have appeared in health food shops in Poland and many 
other countries (Łuczaj and Kujawska 2012). In Estonia, health-food shops offer 
mostly products of non-local origin, although acorn and chicory-based coffee have 
also been reintroduced (in Spain and Poland up until the mid-twentieth century it 
was poor people’s coffee, and now it is a health food), also syrups made of Juni-
perus communis and Taraxacum spp. are sold. As a new trend, probably following 
the example of a similar German product available in health-food shops in Estonia, 
pasta made with the powder of Urtica spp., Vaccinium myrtillus, and Cantharellus 
cibarius Fr. is making its way to the customer. In 2010, the company Eesti And 
(Estonia Gift) started to produce and market pickled and salted forest mushrooms 
(http://www.eestiand.ee/) in their larger stores—food that was just a few decades 
ago made and stored in every household regardless of status and distance from the 
forest but now massively abandoned unless bought from the stores (in other coun-
tries, e.g., Poland, pickled mushrooms have been sold in shops for decades).

http://www.eestiand.ee/
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Species Part
Blackthorn (Sloe), Prunus spinosa L. Fruits
Bramble (Blackberry), Rubus sp. Fruits and unripe fruits
Camomile, Matricaria recutita L. Flowers
Chickory, Cichorium intybus L. Leaves and flowers
Chickweed, Stellaria media (L.) Vill. Aerial parts
Chives, Allium schoenoprasum L. Flowers
Cow parsley, Anthriscus sylvestris (L.) Hoffm. Leaves, buds, and flowers
Cuckooflower (Lady’s Smock), Cardamine pratensis 
L.

Aerial parts

Daisy, Bellis perennis L. Leaves and flowers
Dandelion, Taraxacum officinale Weber s.l. Leaves, buds, and flowers
Elder, Sambucus nigra L. Flowers and fruits
Garlic mustard, Alliaria petiolata (M. Bieb.) Cavara 
& Grande

Leaves, shoots, and seeds

Grass-Leaved Orache, Atriplex littoralis L. Leaves and unripe fruits
Ground-Elder, Aegopodium podagraria L. Shoots, buds, and flowers
Harebell, Campanula sp. Flowers
Hop, Humulus lupulus L. Shoots
Nettle (Stinging Nettle), Urtica dioica L. Shoots and unripe fruits
Orpine, Hylotelephium telephium (L.) H. Ohba Aerial parts
Ostrich Fern, Matteuccia struthiopteris (L.) Tod. Shoots
Ramsons (Wild Garlic), Allium ursinum L. Shoots, leaves, flowers, unripe fruits, 

and young seedlings
Raspberry, Rubus idaeus L. Leaves and fruits
Red clover, Trifolium pratense L. Flowers
Purple dead nettle, Lamium purpureum L. Aerial parts
Ribwort plantain, Plantago lanceolata L. Leaves and unripe inflorescences
Rose, Rosa spp. Flowers and fruits
Sand leek, Allium scorodoprasum L. Leaves and seeds
Scurvy grass, Cochlearia sp. Aerial parts
Sea arrowgrass, Triglochin maritima L. Leaves and unripe fruits
Sea aster, Tripolium vulgare Nees Leaves
Sea pea, Lathyrus japonicus Willd. Flowers and shoots
Sea plantain, Plantago maritima L. Aerial parts
Leaf sea rocket, Cakile maritime Scop. Leaves and flowers
Sea sandwort, Honckenya peploides (L.) Ehrh. Aerial parts
Sea-kale, Crambe maritime L. Leaves, flowers, buds, and fruits
Small-flowered winter-cress, Barbarea stricta Andrz. Leaves and flowers
Sorrel (Common Sorrel), Rumex acetosa L. Leaves
Spruce (Norway Spruce), Picea abies (L.) H. Karst. Shoots
Swedish Whitebeam, Sorbus intermedia (Ehrh.) Pers. Fruits
Sweet cicely, Myrrhis odorata Scop. Leaves, flowers, and unripe cones
Tansy, Tanacetum vulgare L. Flowers

Table 3.4  Wild plant taxa, traded by a small southern-Swedish foraging enterprise, which is also 
the main provider of wild food plants at the restaurant NOMA, in Copenhagen (Data from Łuczaj 
et al. 2012)
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In Poland, Dary Natury, a firm owned by Mirosław Angielczyk, has experienced 
a tremendous success in selling and promoting natural wild foods and nutraceuti-
cals. It has been very active in the Polish market for a dozen years or so. It mainly 
sells mixed herbs for herbal infusions and liqueurs, but popular products also in-
clude herbal coffee substitutes (acorn, chicory, etc.), birch sap, and even acorn flour. 
According to the owner, in 2013 they produced a few tons of acorn flour (from 
Quercus robur). Acorns are shelled, leached using pure water, dried and powdered. 
The flour is available on their Internet site for only 21 PLN/kg (ca. 5 €/kg).

Immigrants from other countries, also outside Europe, are a very little-studied 
category when it comes to harvesting in the wild. However, observations made in 
Sweden show that, for instance, Turks, Kurds, Chinese, Koreans, and Thai immi-
grants are rather widely using the free access to private land and are harvesting wild 
plants, berries, and mushrooms for their own consumption and also for selling in the 
markets (Svanberg 2012).

Wild food plants have always been sold in vegetable markets. In the nineteenth-
century Poland, these were wild fruits, grains of manna grass ( Glyceria spp.), and 
even the rhizomes of Polypodium vulgare were sold in a town (Jasło) (Łuczaj 2011, 
Kujawska and Łuczaj 2010). Apart from that, a variety of mushrooms has been sold 
in the mycophilous parts of Europe. For example, a few dozen taxa of fungi were 
sold in the market of Poznań, Poland, in the beginning of the twentieth century 
(Szulczewski 1996).

Nowadays, in most Eastern European countries, the selling of wild food plants 
in the market is restricted to wild berries, mushrooms and herbs for making tea, 
and occasionally also Rumex acetosa leaves or horseradish roots—in Estonia, also 
horseradish leaves (unpublished observations from Poland and Estonia).

Green wild vegetables are rarer than fruits in the markets. However, they are of-
ten sold around the Mediterranean, frequently in Italy, Greece, and Croatia (Łuczaj 
et al. 2012, 2013) and occasionally also in Spain (Tardío 2010).

Species Part
Violet, Viola sp. Flowers
Water mint, Mentha aquatica L. Leaves
Water-Cress, Rorippa nasturtium-aquaticum (L.) 
Hayek

Leaves

White deadnettle, Lamium album L. Leaves
Wild marjoram, Origanum vulgare L. Leaves
Wild onion, Allium vineale L. Leaves and fruits
Wild thyme (Creeping Thyme), Thymus serpyllum L. Leaves
Winter-cress, Barbarea vulgaris W.T. Aiton Flowers
Wood sorrel, Oxalis acetosella L. Aerial parts
Woodruff, Galium odoratum Scop. Aerial parts
Wych elm, Ulmus glabra Huds. Unripe fruits
Yarrow, Achillea millefolium L. Leaves and flowers
Yellow archangel, Lamium galeobdolon (L.) Crantz Young shoots and flowers

Table 3.4 (continued)
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The twentieth century has seen a decline in the sales of wild food plants not 
only in Poland, but all over Europe. However, in the twenty-first century, we may 
witness the reoccurrence of wild products not only in specialist health food stalls 
but also in ordinary vegetable markets. Such a phenomenon can already be seen 
in Germany and Austria. Probably the only wild vegetable that has survived from 
the peasant society in Sweden is Urtica dioica, which is still popular among many 
urban people. However, wild forest berries (Vaccinium, Rubus) continue to be very 
much used among Swedes in general and hold a time-honoured place in both home 
cooking and restaurant kitchens. Since the mid-twentieth century, there has also 
been an increasing demand for wild mushrooms. Many people pick their own mush-
rooms, recognizing everything from 2–3 species to almost 30 edible taxa. Nettles, 
wild berries, and mushrooms are also available in the weekly street markets during 
summertime and autumn, but berries and mushrooms can also be found in super-
markets (Svanberg 2012).

Lost traditional knowledge on wild food plants is rediscovered and re-created 
by individuals particularly interested in the issue. This knowledge is later spread 
via a variety of workshops, seminars, and particularly media (books and television 
programs). As far as media is concerned, it teaches edible plants in a new way. Tra-
ditionally this knowledge was gained from parents, grandparents, or peers and was 
a cognitive process not only involving visual, abstract learning but also “rambling” 
through the countryside, smelling plants and learning their location (Sõukand and 
Kalle 2010). Maybe that is why edible plant workshops are so popular, being more 
akin to a traditional way of learning plants. However, usually neither the published 
guides nor the workshops relate to local practices. They are an amalgamation of 
proposals regarding how to utilize local floras referring to the traditions of use of 
these plants in North America, Asia, and other parts of Europe. Thus new species 
are becoming utilized. For example, in Poland, the use of Allium ursinum leaves 
as food has not ever been recorded in ethnographic sources, but now it is common 
among many families in the Carpathians due to the media attention this plant has 
gained (Łuczaj and Kujawska 2012). The decreasing access to wild food plants 
created a longing for such food, and this gives good ground for all kinds of courses 
and books. In Estonia, the publishing of books on the use of wild food plants has 
intensified during the recent decades, as have all publications regarding the use of 
plants and alternative medicine. Alongside, dozens of courses, local and general, 
are advertised every year, reintroducing old local uses and introducing new uses of 
autochtonous and alien plants into the diet of Estonians. Since regaining indepen-
dence, the Estonian Defence League (voluntary) organizes regular survival courses, 
which include teaching on the use of wild plants and animals for food. The influ-
ence of those books and courses can be evaluated only years later, as people tend 
to accept teachings selectively, sometimes in a random way (Sõukand and Kalle 
2012).

The users of most wild food guides are people who are interested in food in-
dependence, survival, or a healthy lifestyle. Probably, the first widely known Eu-
ropean guide of this style was Richard Mabey’s Food for Free sold in Britain in 
hundreds of thousands of copies (Mabey 1972). Later in the 1990s and 2000s, the 
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French botanist François Couplan published several similar guides in French and 
German, for example, Couplan (1989). In the 1980s and 1990s, a wild food guide 
by the Czech author Dagmar Lánská was sold in large numbers of copies in Eastern 
Europe, for example, in Czechoslovakia and Poland (Lánská 1992). In the coun-
tries of former Yugoslavia, a similarly influential author was the botanist Ljubiša 
Grlić (2005). Some of the professional field ethnobotanists also published wild food 
guides for the general public (Łuczaj 2002; Tardío et al. 2002) or even created TV 
culinary series ( Dziki Obiad Łukasza Łuczaja, i.e., “Łukasz Łuczaj’s Wild Lunch”, 
by Canal Plus). An influential photographic guide by Roger Phillips should also 
be mentioned (Phillips 1983). Another promoter of wild food was the most known 
European (British) survival handbook writer Ray Mears (also the author of film 
series). It should also be noted that Mears authored a book and a TV series with 
the prominent British archaeobotanist Gordon Hillman (Mears and Hillman 2007).

One very special book should also be mentioned, L’Ensalada champanèla 
(Marco et al. 2003). The new edition of this French guide to wild salad plants also 
contains a large amount of material on the traditional use of this group of plants in 
southern France, thus being a guide and a regional monograph in one. A similar 
guide was published in Albacete, Spain (Rivera et al. 2006a).

In Valchiusella and in the middle Serchio Valley (Gallicano), in northwest Italy, 
in the last years, local associations have began to organize spring workshops on 
wild food plant identification, gathering and cooking, lead by local elderly women. 
Recently, a Museum of the Wild Herbs was also born in Liguria (Cosio d’Arroscia, 
NW Italy), while in diverse Italian areas, especially in Lombardy (Brianza), in the 
Marche region and in Eastern Sicily, short courses and weekend seminars, mainly 
animated by local botanists, seem to play a crucial role in re-instilling folk knowl-
edge on locally used wild food plants and this kind of initiative in Italy is becoming 
extremely popular (e.g. http://www.piantespontaneeincucina.info/struttura/html/
header/feste_e_sagre.html, http://www.accademiadelleerbe.it/).

Yet another effort worth mentioning is the Plants for a Future database created 
by Ken Fern from England (PFAF 2015). Though it does not contain data from 
modern ethnobotanical studies, it is an influential source in spreading knowledge 
on edible plants.

It is noteworthy that this loss of local knowledge and use of wild gathered plant 
species is paralleled by an increased interest in such resources by the gastronomic 
and intellectual elite in the search for new stimuli, culinary experiences, and health 
food (for example, visit http://www.slowfood.it). The increasing presence of wild 
food products can also be seen by agritourism farms or local rural restaurants as a 
part of the local traditional heritage offered by them. In Poland this is, for example, 
nettle soup and a variety of wild fruit products (Łuczaj 2011). In Spain, herbal teas 
prepared with species such as Jasonia glutinosa (L.) DC. or Sideritis hyssopifolia 
are served in restaurants of tourist areas such as Serranía de Cuenca or Picos de 
Europa. Moreover, in the case of Jasonia glutinosa, new products are appearing 
and some restaurants offer ice cream made with its infusion. Sideritis hyssopifolia 
L. is also used to aromatise homemade and commercial herb liqueurs, and it is 
even available on the Internet (Pardo-de-Santayana et al. 2005). Another interesting 

http://www.piantespontaneeincucina.info/struttura/html/header/feste_e_sagre.html
http://www.piantespontaneeincucina.info/struttura/html/header/feste_e_sagre.html
http://www.accademiadelleerbe.it/
http://www.slowfood.it
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Spanish liqueur is patxaran/pacharán. It is usually made by macerating Prunus spi-
nosa fruits, cinnamon bark, a few coffee seeds, and sugar in anisette and/or liquor. 
The tradition of preparing liqueurs with its fruits is old, but this recipe is originally 
from Navarre and now commonly prepared or bought throughout the country. In 
fact, it is cultivated in the region for the industry of pacharán. A similar and popular 
liqueur based on sloe fruits still exists in Central Europe and Northern Italy.

The use of wild food plants has also been recently promoted by avant-garde res-
taurants. Here, we should mention above all the pioneering experiences of the chefs 
Michel Bras and Marc Veyrat in France more than two decades ago and nowadays 
what is considered one of the best restaurants in the world, NOMA in Copenhagen, 
run by René Redzepi, offers a cuisine that is largely based on local wild products, 
including a wide selection of wild food plants (Table 3.4), which are also sometimes 
foraged by the NOMA staff. Following the aesthetic lines drafted by Redzepi in his 
Time and Place in Nordic Cuisine (Redzepi 2010), wild plants are considered to 
be a crucial element of a given place and, therefore one of the pillars of a cuisine, 
which would like to express the “sense of place”.

In the meantime, many other top European restaurants tend to use a large number 
of wild taxa in their kitchen; among them, it is worth mentioning the new generation 
of the Scandinavian chefs of the “Nordic cuisine” movement, that is, Magnus Nils-
son as well as the Argentinian top chef Mauro Colagreco, who owns his restaurant 
on the French–Italian border. Earlier in the 1990s, a well-known expert on wild 
foods in the francophone countries, François Couplan (www.couplan.com), worked 
with leading French chefs incorporating wild plants in their menus. Recently, the 
Polish top chef, Wojciech Amaro published a book Natura kuchni polskiej which in-
corporates many wild foods into haute-cuisine dishes (Amaro 2006). In Spain, there 
are also some luxury restaurants, such as the restaurant of the Hotel Alfonso VIII 
in the city of Plasencia, whose menus offer traditional and re-created dishes with 
at least six wild plant species, such as Urtica dioica, Tamus communis, Rorippa 
nasturtium-aquaticum, Montia fontana, Allium ampeloprasum, Asparagus acutifo-
lius, and Scolymus hispanicus (Recetario Extemeño 2005).

Until recent times, the use of wild food plants in restaurant menus was not prac-
ticed in Estonia. But slowly it is becoming an attractive option, for example, in 
spring 2012 an invitation for the employment of a “gatherer” by a cafe in Tallinn 
was newsworthy for several news portals (Łuczaj et al. 2012). In England, there 
is a small rural enterprise called “Forager” engaged in gathering and supplying 
wild food, mostly to the restaurant trade (http://www.forager.org.uk/), having also 
written The Forager Handbook, a guide to the edible plants that grow in Britain 
(Irving 2009). Wild berries have a long tradition within Swedish restaurant cul-
ture. However, some other wild plants, earlier used only locally by peasants, have 
become regional specialities. Allium scorodoprasum L. was traditionally used in 
coastal areas as a spring vegetable, especially in stews. On Gotland island, it has 
been harvested for centuries, used as a remedy against spring fatigue. Nowadays, 
it is an appreciated early vegetable for the regional speciality, leek soup and is also 
available in restaurants. Also, berries of Rubus caesius L., very little used earlier, 
are nowadays used as jam and considered a regional specialty of Gotland (Svanberg 

http://www.couplan.com
http://www.forager.org.uk/


50 Ł. Łuczaj and A. Pieroni

1998, 2012). In Finland, products, especially desserts, made with berry juice from 
Hippophae rhamnoides, are seen as regional specialities of Österbotten and Åland 
Islands and found in many restaurants. In the Faroes and Iceland, and to some extent 
also in Norway, stalks of Angelica archangelica have become a fashionable food 
made into various products, which can be found in restaurants or bought canned in 
stores (Svanberg 1998, 2011; Fosså 2006).

In Italy, we (AP and co-workers) recently surveyed ten top chefs, who use flow-
ers in their cuisines. The most interesting finding was that the large parts of the used 
flowers (including also a few cultivated ornamental plants) do not have any con-
nection to the culinary folk traditions and/or food ethnobotanical literature in Italy.

Changes in plant use are not linear. Some species can become the subject of tem-
porary vogues. In Poland, making a fermented, fizzy, cornflower Centaurea cyanus 
flower lemonade was very common in the mid-twentieth century but has not been 
reported earlier or later (it probably disappeared mainly due to the decline of C. cya-
nus populations cause by the development of intense agriculture), and Taraxacum 
flower syrup was very popular in the 1990s women’s magazines but now seems to 
be less popular (Kujawska and Łuczaj 2010; Łuczaj 2011). In Poland, the use of 
dandelion (Taraxacum) leaves has had its ups and downs. Dandelion leaves were 
usually regarded as famine food and there are very few reports of using them (as 
Polish cuisine avoids bitter tastes). However, vogues for eating dandelion leaves 
entered Poland a few times, directly from France: first at the end of the nineteenth 
century among the upper classes, and later in the mid-twentieth century among the 
families who came back from emigration in France. Both times the trend passed, as 
it did not withstand the “anti-bitter” attitude of the majority of the Polish population 
(Łuczaj 2011; Kujawska and Łuczaj 2010). As Kujawska and Łuczaj pointed out 
(Kujawska and Łuczaj 2010), Polish dishes are now undergoing “Mediterranisa-
tion” (e.g., by replacing butter and lard with olive oil and by adding Mediterranean-
style aromatic herbs to traditional Polish recipes). One may wonder how long this 
fashion will last.

3.6  Toxicological Issues Linked to Wild Plants/Fungi 
Gathering

In many European countries, the sale of fungi in markets is heavily regulated due to 
the danger of poisoning (Peintner et al. 2013). For example, in Poland, 40 species 
or genera are legally sold (Łuczaj and Nieroda 2011). Some of the most commonly 
eaten fungi—Russula spp.—cannot be sold to the public due to the similarity of 
the juvenile fruiting bodies of some species from the genus (e.g., R. cyanoxantha 
(Schaeff.) Fr., R. virescens (Schaeff.) Fr., etc.) to the most deadly mushroom, the 
death cap ( Amanita phalloides (Fr.) Link). The sale of wild food plants has not seen 
such regulation, probably for two reasons: They are less present in many countries 
and also because of the fact that in the large majority of cases the toxic plants are 
very bitter.
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From our own experience, the experience of other people dealing with wild food 
promotion, and from media coverage, we identified two possibly most dangerous 
issues (however both of them with only a few cases around Europe):

1. Poisonings with Convallaria majalis L. and Colchicum autumnale L. leaves by 
confusing them with the edible Allium ursinum (Davanzano et al. 2011; Pile-
gaard 2012).

2. Confusing edible Apiaceae (e.g., Pastinaca sativa L. and Daucus carota L.) with 
the poisonous ones ( Oenanthe crocata L. and Conium maculatum L. respec-
tively)—this issue was extensively discussed by Irving (2009).

In the last few years, some cases of intoxications were caused by the wrong plant 
identification linked to a new or “re-acquired” knowledge of wild food plants, 
which was not refined or trained with long-term experience in the field. Inform-
ing the public about the possible dangers of wild plants’ consumption, particularly 
when eaten regularly or in large amounts, alongside the benefits, is an increasingly 
important educational task (Łuczaj et al. 2012).
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Chapter 4
Ethnobotanical Analysis of Wild Fruits and 
Vegetables Traditionally Consumed in Spain

Javier Tardío and Manuel Pardo-de-Santayana

4.1  Introduction

Except for a strip of land with Eurosiberian vegetation in the north, the landscape of 
Iberian Spain can be included in the Mediterranean floristic region. This area has a 
characteristic Mediterranean climate, with the highest temperatures and a drought 
period during summer, though with clear differences in terms of annual rainfall, 
temperature and the length of the drought period throughout the territory. In general, 
the climate is more arid in the east and south of the Peninsula (the driest areas in the 
southeast), becoming more continental in the centre. The native potential vegeta-
tion is mainly evergreen forest, although some mountain ranges contain deciduous 
forests and meadows, especially at a certain altitude. These climatic differences, 
together with a high topographic and geological diversity, have helped confer one 
of the richest floras of Europe. Following Aedo et al. (2013), the Spanish flora 
(excluding Canarian plants) contains 6152 species, 53 % of the European flora, and 
with an important rate (15 %) of plants endemic to this area.

The complex Spanish history, fruit of the crossroads of civilizations in the Medi-
terranean area, has brought also a great cultural diversity with different languages 
and traditions. This ethnographical and biological variety has given rise to a rich 
biocultural heritage and, therefore, a rich ethnobotanical knowledge.

In Spain, as in other Mediterranean countries, wild edible plants have played an 
important role in complementing and balancing a diet based on agricultural foods, 
especially during times of shortage. As remarked by Etkin (1994), and contrary to 
what might be expected, some agricultural populations include significant quanti-
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ties of foraged plants in their diets and exploit a greater variety of plants than some 
hunters and gatherers do. This is the case of several Mediterranean countries where 
the consumption of a great number of wild species has been registered (Hadjicham-
bis et al. 2008; Leonti et al. 2006; Nassif and Tanji 2013; Picchi and Pieroni 2005; 
Rivera et al. 2006; Tardío et al. 2006). These species have been very valuable dur-
ing certain seasons when fresh agricultural products were scarce, such as winter 
and spring in the case of wild vegetables or summer and autumn in the case of wild 
fruits.

However, at present, with the development of modern agriculture and the global 
supply chains, a great variety of cultivated fruits and vegetables can be easily found 
in markets throughout the year. Due to these agricultural changes, associated to 
migration to cities, the use of noncultivated plants has decreased, and nowadays 
far fewer species are consumed. Furthermore, most of the traditional knowledge of 
wild food plants is quickly disappearing and, in most cases, survives only with the 
elderly.

This loss of traditional knowledge about wild useful plants has led to many eth-
nobotanical studies aiming to register this lore before it disappears. Spain, with more 
than 30 ethnobotanical doctoral theses and many other ethnobotanical surveys, is 
one of the European countries with a higher number of studies (Morales et al. 2011). 
Although most of these works deal with medicinal plants (e.g. González-Tejero 
1989; Villar et al. 1987) or useful flora in general (e.g. Aceituno-Mata 2010; Blanco 
1998; Criado et al. 2008; Fajardo et al. 2000; Parada 2007; Velasco et al. 2010), 
some of them, as some of the ones carried out by our research group (Menendez-
Baceta et al. 2012; Pardo-de-Santayana et al. 2005, 2007; Tardío et al. 2002, 2005), 
are focused on wild food plants. During more than 15 years, we have exhaustively 
compiled in a database the published ethnobotanical information about the wild 
food plants traditionally used in Spain over the past 100 years. Some unpublished 
information was also included trying to refill the geographical gaps. In 2006, we 
published a review with the results obtained at that moment from 46 bibliographical 
sources (Tardío et al. 2006). For the purposes of our database, we established seven 
categories of food use to classify wild food plants: vegetables, fruits, beverages, 
seasoning, preservatives, sweets (including flowers or roots eaten for their sweet 
flavour) and other food uses, such as oils, flours and pickles (for a detailed descrip-
tion of the categories, see Tardío et al. 2006).

At present, this database contains 6129 records, most of them obtained from 80 
primary ethnobotanical sources. It includes data from 42 out of 51 Spanish prov-
inces despite the fact that the information about 6 of them cannot be considered 
sufficient as these provinces have not been exhaustively surveyed.

In this chapter, we analyse and evaluate the traditional knowledge about the 
gathering and consumption of wild edible plants in Spain, especially that related 
to fruits and vegetables, two of the most important food use-categories. For the 
purpose of a more homogeneous analysis, we only use data from the 80 published 
references referred to the Iberian territory and the Balearic Islands. Ethnobotanical 
data referring to the Canary Islands were excluded, since its flora, very different 
from the rest, belongs to the Macaronesian floristic region.
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4.2  Global Figures: Importance of Wild Vegetables and 
Fruits

For evaluating the relative importance of each of the seven food categories consid-
ered, we use two figures: the number of species of each category and the number of 
use-reports (UR) assigned to each category in the database. Here we will consider a 
UR as the citation in a bibliographical reference of the use of a species inside a food 
use-category in a different Spanish province. For instance, one UR is ‘the reference 
33 mentioned the use of the species Apium nodiflorum (L.) Lag. as a vegetable in 
the province of Segovia’, in Central Spain. For permitting comparison with other 
geographical areas, we have employed a generalization of the cultural importance 
(CI) index, defined by us (Tardío and Pardo-de-Santayana 2008). Summing up, 
the CI for a species in an ethnobotanical study was the sum of all the UR for this 
species divided by the number of informants and, in a similar way, the CI for one 
use-category is the sum of all the UR for this category divided by the number of 
informants (Aceituno-Mata 2010). In this review, we treat each study as it was an 
informant, and so, for calculating each CI we divided the UR by the number of 
ethnobotanical studies (80).

Table 4.1 shows the global figures of the database for the seven food use-cate-
gories considered. At present, 514 species belonging to 74 families have been re-
corded, accounting for 8.4 % of the 6152 species listed in the Iberian and Balearic 
Spanish Flora. Figure 4.1 shows the CI index of each of the food use-categories 
considered for the Spanish wild food plants.

As shown in Table 4.1 and Fig. 4.1, according to the number of UR, the most 
important categories were green vegetables, beverages and fruits, with 39, 22 and 
18 % of the UR, respectively. ‘Vegetables’ was also the most diverse category, with 
51 % of the species followed again by plants used to prepare beverages (31 %). 
However, most of the species in the category of beverages could not be considered 
as real food, but as simple condiments, such as those used for making some herb 
liqueurs. The category of fruits accounted for 79 species being less diverse than 
sweets (97). The food category of seasoning had 12 % of the UR and 14 % of the 
species, whereas the category of sweets accounted for a higher number of species 
(19 %) but a much lower proportion of UR (6 %). Plants used as preservatives and 
the group of other uses represented 6 and 4 % of species, respectively, though they 
have almost the same number of UR. As some of the species were included in more 
than one food use-category, the sum of the percentages of the species is nearly 141, 
higher than 100. Therefore, there was an overlapping of species in nearly all catego-
ries; it was especially higher between seasonings and beverages. Around 65 % of the 
species used for seasoning were aromatic plants that were also used for making bev-
erages, especially herbal teas (49 %). Also important was the overlapping between 
wild fruits and beverages. Of the wild fruits, 40 % were also used for beverages, 
especially for making liqueurs (36 %).
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Fig. 4.1  Cultural importance of each of the food use-categories considered for the Spanish wild 
food plants

 

Table 4.1  Global figures about wild food plants mentioned in the Spanish ethnobotanical studies
Food use-category # of URa (%) # of species (%)
Vegetables 1677 (38.9) 263 (51.2)
Beverages 937 (21.7) 158 (30.7)

Liqueurs 377 (8.7) 107 (20.8)
Herbal teas 504 (11.7) 90 (17.5)
Other beverages 56 (1.3) 25 (4.9)

Fruits 758 (17.6) 79 (15.4)
Sweets 268 (6.2) 97 (18.9)

Flowers 136 (3.2) 58 (11.3)
Subterranean parts 120 (2.8) 34 (6.6)
Exudates 12 (0.3) 7 (1.4)

Seasonings 505 (11.7) 74 (14.4)
Preservatives 86 (2.0) 32 (6.2)

Curdling milk 44 (1.0) 14 (2.7)
Other preservatives 42 (1.0) 19 (3.7)

Other uses 83 (1.9) 21 (4.1)
Pickles and brines 43 (1.0) 11 (2.1)
Flours 29 (0.7) 9 (1.8)
Oils 11 (0.3) 3 (0.6)

Total 4314 (100) 514 (140.9b)
a UR: use-reports, i.e., the citation in a bibliographical reference the use of a species inside a food 
use-category in a different Spanish province.
b As some species are included in more than one use-category, the total number of species is not 
the sum of the species of each category, and the sum of the percentages is 140.9, higher than 100.
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In the following sections, we characterize the traditional consumption of wild 
vegetables and fruits, the most important wild food categories that can be consid-
ered as main foods. We try to explain which species people prefer for eating as 
vegetables or fruits, how and when they were traditionally consumed.

4.3  Wild Vegetables Characterization

Our category of ‘vegetables’ or ‘green vegetables’ ( verduras in Spanish) includes 
those plants whose vegetative organs (leaves, stems and bulbs) or immature repro-
ductive structures (inflorescences, fruits and seeds) are consumed, either stewed, 
raw in salads or even raw as a snack. In a previous work (Tardío 2010), with a 
shorter database, a lower number of species and use-records, the first author carried 
out an analysis of the wild vegetables traditionally consumed in Spain. In this sec-
tion, we try to answer some of the questions treated there, with almost 30 % more 
species and a bigger number of records, and also to complement that work with the 
cultural importance of the different subjects studied.

4.3.1  Botanical Analysis of Vegetables

4.3.1.1  Botanical Family

The 263 species recorded in our database as wild vegetables belong to 48 different 
botanical families, though with a diverse contribution of each family that could be 
explained by the human preference for certain kind of plants.

Regarding the number of species, the family Asteraceae accounts for almost one 
third of the species ( n = 75, 29 %). Although with much lower figures, other impor-
tant families are Fabaceae, Brassicaceae, Liliaceae (sensu lato), Polygonaceae, Api-
aceae and Rosaceae, with between 20 and 11 species each. One point that is often 
raised is whether the greater number of species selected in a family is only the result 
of being a diverse family, or whether there are other characteristics that make their 
species more likely to be used. This analysis can be done supposing a lineal rela-
tion between the two variables and studying the residuals of each family (Moerman 
1991; Moerman 1994). The residuals, that is to say, the distances from each point 
and the regression line, indicate how far above or below from the predicted values 
the actual numbers are. In our case, these two variables measured in each family are 
the number of wild vegetables species of this family (VEGSP) and the total species 
per family in the Iberian Flora (FISP). As a result of the lineal regression carried out 
with our data, we obtained the equation VEGSP = 0.053 ×FISP − 0.367, which shows 
the predicted number of species used as vegetables from a given family that might 
be expected if they were chosen randomly (Fig. 4.2). If so, greater families would 
have a bigger number of green vegetables. However, this is not true in many cases, 
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as can be proved analysing the residuals. The families situated over the regression 
line, with a high and positive residual value, have a number of species higher than 
predicted. So, Asteraceae (with a residual of 28), Polygonaceae (13) and Liliaceae 
(9) are families whose species are clearly preferred to be eaten as vegetables. By 
contrast, other families, such as Poaceae (with a residual of − 17), Lamiaceae and 
Scrophulariaceae (both with − 12), Caryophyllaceae (− 11) and Fabaceae (− 8), are 
greatly underrepresented in spite of the big size of these families.

What are the characteristics of the species of these families that make them pre-
ferred as wild vegetables? In most of the cases, they are abundant species, frequent-
ly considered as weeds, with in general favourable nutritional and gastronomic 
characteristics. They usually have desired biological forms, such as perennials with 
a rosette of leaves in Asteraceae and Polygonaceae, or bulbs and asparagus in Lili-
aceae (s.l.). In the case of the Asteraceae family, most of the wild vegetables (60 %) 
are included in the tribe Lactuceae (= Cichorieae) with several genera that account 
for several species each, such as Taraxacum and Lactuca (five species each), Scor-
zonera, Sonchus and Tragopogon (four species each), and also other genera not so 
diverse in species but very important in number of UR of one of their species, such 
as Scolymus hispanicus L. and Silybum marianum (L.) Gaertn.

In other families there are also genera rich in species, such as Allium (6 species) 
or Asparagus (5 species) in the family Liliaceae (s.l.) and Rumex (12 species) in the 
family Polygonaceae.

As an index of the cultural importance of each family, we have used the CI for 
the family as the sum of the CI of all the species belonging to this family (Pardo-
de-Santayana et al. 2007). Figure 4.3 shows which families account for a higher 

Fig. 4.2  Lineal regression analysis between the number of wild species of a certain family used as 
vegetables in Spain (VEGSP) and the total number of species of each family in the Iberian Flora 
(FISP). AST Asteraceae; LIL Liliaceae ( s.l.); POL Poligonaceae; FAB Fabaceae; POA Poaceae; 
CAR Caryophyllaceae; LAM Lamiaceae
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number of UR, and so a higher CI. As can be seen in the figure, the most important 
family is also the most diverse family, the Asteraceae (CI: 6.01), though with a very 
different cultural importance of many of the species. This family also has several 
species with a high cultural importance, such as Scolymus hispanicus (CI: 0.51), 
Cichorium intybus L. (0.42), Sonchus oleraceus L. (0.39), Chondrilla juncea L. 
(0.35), Silybum marianum (0.35) and Taraxacum officinale Weber (0.29).

However, the importance of the second more diverse family, the Fabaceae, is 
much lower than Polygonaceae or Liliaceae (s.l.) that have some species with a 
bigger cultural importance. The most important species in the Polygonaceae are 
Rumex pulcher L., Rumex acetosa L. and Rumex induratus Boiss. & Reut., and 
those in the Liliaceae are Asparagus acutifolius L., Allium ampeloprasum L. and 
Asparagus albus L.

Other families, such as Caryophyllaceae, 13th in number of species, pass to the 
sixth place due to the high cultural importance of one of its species, Silene vulgaris 
(Moench) Garcke, which is the second species with more citations (CI: 0.73), only 
three less than the watercress ( Rorippa nasturtium-aquaticum (L.) Hayek, CI: 0.76).

Fig. 4.3  Cultural importance of the ten families with the highest number of use-reports as wild 
vegetables in Spain, indicating the contribution of each species and labelling only the most impor-
tant (ScoHis Scolymus hispanicus; CicInt Cichorium intybus; SonOle Sonchus oleraceus; Cho-
Jun Chondrilla juncea; SilMar Silybum marianum; RumPul Rumex pulcher; AspAcu Asparagus 
acutifolius; FoeVul Foeniculum vulgare; RorNas Rorippa nasturtium-aquaticum; SilVul Silene 
vulgaris; RubUlm Rubus ulmifolius; MalSyl Malva sylvestris; BorOff Borago officinalis)
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4.3.1.2  Life Form

For a simple study of the life form of the species used as wild vegetables in Spain, 
we have considered four categories: annual herbs, non-annual herbs (both perennial 
and biennial), shrubs and trees. As shown in Fig. 4.4, the great majority of the wild 
vegetables are herbs (87 %), with a much lower representation of shrubs (10 %) and 
trees (3 %).

The less important category of trees includes the consumption of the young 
shoots of Chamaerops humilis L. (a palm, sensu strictu, the only autochthonous one 
of continental Europe) and the immature fruits and seeds of Ulmus minor Mill. and 
Pinus pinea L., respectively. Several species of the genera Asparagus, Rubus and 
Rosa, whose young shoots are consumed as vegetables, are some of the examples 
of shrubs.

Nevertheless, as mentioned before, the life form more represented among wild 
vegetables was herbs and, among them, perennial herbs (47 % in total, see Fig. 4.4), 
which wither in the summer and sprout again in the next wet season from their root-
stocks. Besides some bulbous plants (such as several species of the genus Allium) 
and vines (such as Tamus communis L. and Humulus lupulus L.), there are a great 
number of perennial herbaceous plants with a characteristic rosette of leaves, such 
as Scolymus hispanicus, Chondrilla juncea, Taraxacum officinale, Anchusa azurea 
Mill. and Rumex pulcher, among others. Most of them have remarkable powers of 
regeneration from any part of the rootstock that may be severed—a significant fea-
ture that enables them to be used in a sustainable way.

Figure 4.4 shows also that a big percentage of wild vegetables are annual herbs 
(40 %), mainly winter annuals that germinate in autumn or winter and die after 
blooming in the spring or early summer, such as Silybum marianum, Sonchus olera-
ceus and Papaver rhoeas L. There are also some summer annuals that live in more 
humid places, such as Portulaca oleracea L. and Chenopodium album L. Most of 
these annuals produce a very high number of seeds which have, in general, a great 
longevity and germinate under favourable environmental situations, sometimes in 
a discontinuous way.

As statistically shown in a previous work (Tardío 2010), most of these herba-
ceous plants used as vegetables fall inside the cultural and ecological concept of 
‘weeds’. They are plants with a high reproductive capacity, rapid growth and ability 
for adapting to different environmental conditions with a clear preference for mark-
edly human-disturbed habitats (Baker 1974). Our analysis of the proportions of 
weeds in the wild species selected for vegetables and in the whole flora, by means 
of a chi-square test, confirmed that there is a significant preference for weeds over 
other plant forms. This fact seems to be generally applicable to other regions of the 
world (Ansari et al. 2005; e.g., Díaz-Betancourt et al. 1999; Pieroni et al. 2005; Tan-
ji and Nassif 1995; Vieira-Odilon and Vibrans 2001) and also to medicinal plants, at 
least in some cases (Stepp 2004; Stepp and Moerman 2001).
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4.3.1.3  Part of the Plant Consumed

Figure 4.5 shows the ten plant parts categories considered in our analysis, ordered 
by its CI. As expected, there is a clear predominance of vegetative organs, espe-
cially leaves, followed by leaves and stems, and young shoots. The category of 
leaves is mainly formed by plants with a basal rosette of leaves that are entirely 
eaten (not only the midribs), many of them of the Asteraceae family. The category 
of leaves and stems contains the species whose tender leaves and stems are con-
sumed together, such as Silene vulgaris, Montia fontana L. and Rorippa nasturtium-
aquaticum. Young shoots are also relevant, most of them popularly known as ‘wild 
asparaguses’, either the sprouts from roots or subterranean stems from genera such 
as Asparagus, Tamus and Ruscus, or the tips of some climbing plants, such as Bryo-
nia, Humulus and Clematis, or the peeled sucker of some bushes, such as Rubus 
and Rosa.

Other important used parts are the midribs of the basal leaves, typically used in 
case of thistles of several genera such as Scolymus, Silybum, Cynara, Onopordum 
and Arctium, but especially for the species Scolymus hispanicus, which is one of 
the most widely consumed thistles in Spain. This category could be integrated in 
‘Leaves’; however, it has the particularity that the prickly leaves are peeled leaving 
only the principal veins.

The category of fruits and seeds includes species whose immature reproductive 
structures are consumed, such as those of the genera Malva, Vicia and Lathyrus. 
For more detail and examples of the other plant part categories, see Tardío (2010).

Fig. 4.4  Life form of the wild species used as vegetables in Spain
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4.3.2  The Traditional Consumption of Wild Vegetables

4.3.2.1  Mode of Consumption

The analysis of the mode of consumption of the species used as vegetables is very 
interesting, especially for the possible relation with their sensorial characteristics. 
We have considered three different but nonexclusive categories: raw as a snack, 
raw in salads and cooked. Wild vegetables are eaten ‘raw as a snack’ when they are 
consumed directly in the field. In other occasions, the plants are taken home to be 
prepared in a salad, maybe a sign of a greater level of appreciation. Some species 
are eaten cooked, both alone and mixed with other vegetables in a great variety of 
stews.

The Venn diagram of Fig. 4.6 shows the number of species of vegetables con-
sumed in each category and the overlaps among them. For better understanding 
what kind of species are in each section, we have also included its CI, that is the 
sum of CI of the species that are integrated in it. We can hypothesize that the cul-
tural importance of a widely distributed species is directly related to its gastronomic 
quality. Therefore, a wild vegetable that has been reported in many ethnobotanical 
sources has a high CI, probably because of its favourable sensorial and nutritive 
characteristics.

As can be seen in Fig. 4.6, 186 species (71 %) are consumed cooked, a bit less 
than half (79) exclusively, while the other species are also consumed raw, either as 
a snack or in salads, the latter being a somewhat larger category. If we look at the 
figure, we can also notice that, besides a high number of species, the highest CI 

Fig. 4.5  Cultural importance (CI) of the different plant parts consumed as wild vegetables
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values are also found in these overlapping areas. The greatest cultural importance 
is reached in the intersection of the three ways of consumption, with 31 species in-
cluding some with the highest CI, such as Foeniculum vulgare Mill., Scolymus his-
panicus, Malva sylvestris L., Cichorium intybus, Silybum marianum, Rubus ulmifo-
lius Schott, Chondrilla juncea and Taraxacum officinale. The second highest CI is 
found in the group of species that are eaten both cooked and raw in salads, includ-
ing very important species, such as Rorippa nasturtium-aquaticum, Silene vulgaris, 
Portulaca oleracea and Sonchus oleraceus. Within these two groups, many of the 
most extensively consumed plants can be identified. Some of these species are ap-
preciated for their quality and, because of their good flavour, they can be eaten 
stewed or raw. That is the case of Silene vulgaris (colleja), whose tender leaves and 
stems are eaten mostly stewed in many parts of Spain, in omelettes, with scrambled 
eggs, and also as a garnish for potaje, a typical Spanish dish often consumed dur-
ing Lent. The peeled basal leaves of Scolymus hispanicus are traditionally boiled 
and then fried lightly in olive oil with garlic and cured ham and sometimes with 
scrambled eggs, often also served as a garnish for cocido, another traditional Span-
ish dish. Finally, the tender leaves and stems of Rorippa nasturtium-aquaticum (wa-
tercress) are consumed mainly raw in salads, but sometimes also in stews and soups.

The numerous groups of species that are only consumed cooked include a few 
plants with great cultural importance, such as Asparagus acutifolius (CI: 0.68), 

Fig. 4.6  Venn diagram showing the number of species of vegetables consumed in each category 
and the overlaps among them. In parentheses is the CI of that category (sum of CI of their species)
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Rumex pulcher (CI: 0.38) and Bryonia dioica Jacq. (CI: 0.29) and many others with 
a much lower CI. Most of these species are only consumed in this way because 
of their taste, which is not so pleasant when eaten raw. Many of them are bitter or 
strongly flavoured plants. This unpleasant taste is often reduced through repeated 
boiling and discarding the boiling water, as reported for Ruscus aculeatus L., Cicho-
rium intybus L., Rumex pulcher L. and Asparagus albus L. Following Johns (1996), 
boiling may be a good method for food detoxification that combines the application 
of heat and also a means of increasing the rate and solubility of some compounds 
and leaching them out of a material. Other species are unpleasant when raw because 
of their rough external texture, for instance Anchusa azurea, Echium plantagineum 
L. and Picris echioides L., though that can be mitigated when boiled, too. As in 
other parts of the world (e.g. Johns 1994; Nebel et al. 2006; Pieroni 2003), some of 
these less palatable species have been usually consumed in mixed recipes with up 
to 15 wild vegetables (Tardío 2010).

Figure 4.6 also shows that 184 species (70 % of the wild vegetables) are con-
sumed raw. Those species considered of better quality because of their pleasant 
flavour are used in salads. Besides some aforementioned species, the small leaves 
and stems of Montia fontana, the young shoots of Chamaerops humilis, the basal 
leaves of Reichardia picroides (L.) Roth and the leaves and roots of Campanula 
rapunculus L. are some of the species most widely consumed raw in salads. Among 
the numerous species that are only eaten raw as a snack, we can remark the con-
sumption of the basal part of the stems of Scirpoides holoschoenus (L.) Soják, the 
leaves of Oxalis acetosella L. and other species of the same genus, the peeled young 
shoots of Rosa canina L., the unripe fruits of several species of Erodium and the 
immature seeds of Vicia villosa Roth and V. lutea L.

4.3.2.2  Harvesting and Consumption Time: Preservation Techniques

As mentioned before, the plant parts utilized as vegetables vary from vegetative 
organs to immature reproductive structures. Since most Spanish plants bloom in 
spring or early summer, the immature reproductive organs have to be collected in 
late spring. In the case of vegetative organs, in general, humans search for the maxi-
mum development of these edible parts being still tender, what usually happens 
before blooming, from the beginning to middle spring. However, there are some 
additional periods when the gathering of wild vegetables is also possible, depending 
on the species, on the region, and sometimes, due to the irregularity of the Mediter-
ranean climate, on the year. The development attained by some perennial herbs in 
rainy and mild autumns can make their use interesting as a vegetable, especially in 
warmer areas such as the lowlands of the south and east of Spain, where some spe-
cies are also collected in winter. Nevertheless, in colder and mountainous areas of 
inland Spain, harvesting can last until the beginning of summer.

This strong seasonality of wild vegetables is precisely, in our opinion, one of the 
reasons for their maintenance in agricultural societies, since it complements the har-
vesting period for the majority of cultivated plants. Nevertheless, at present, many 
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kinds of cultivated vegetables can be found in the markets, at almost any time of 
the year. So, wild vegetables are no longer necessary and their consumption today 
is much less than it was in the past.

Regarding the consumption time of wild vegetables, most plants were tradition-
ally consumed fresh; therefore, harvesting and consumption times coincide. Nev-
ertheless, sometimes simple preservation techniques were used to make this food 
available throughout the year. One of the oldest methods, documented in historical 
sources, is the conservation in pickles and brines. This preservation method has 
been used in Spain according to the ethnobotanical sources consulted for Crithmum 
maritimum L., Inula crithmoides L., Sedum sediforme (Jacq.) Pau, Pinus pinea, 
Capparis spinosa L., Allium ampeloprasum and Portulaca oleracea, the first one 
and the last one already mentioned in the first century AD by the Spanish-Roman 
Columella in his agricultural work De Re Rustica (Columela 1824).

Other modern preservation processes used for some wild vegetables are home 
canning (bottling) and freezing that help provide the product outside of the harvest 
season. Bottling has been used at least for Scolymus hispanicus and Asparagus acu-
tifolius, whereas the use of freezing has been mentioned for Silene vulgaris, Tamus 
communis and Atriplex hortensis L.

4.4  Wild Fruits Characterization

Our category of wild ‘fruits’ includes those plants whose fruits (or seeds) are con-
sumed when fully ripe. They are usually eaten raw directly in the field, but some-
times they are brought home and even used in the elaboration of different sweet 
desserts, such as homemade jam or cakes.

4.4.1  Botanical Analysis of Fruits

4.4.1.1  Botanical Family

The 79 species recorded in our database as wild fruits are included in 27 botanical 
families. Almost half (44 %, n = 35) are from the Rosaceae family. Other impor-
tant families are Fagaceae (11 %, n = 9), Ericaceae and Grossulariaceae (5 %, n = 4, 
each).

The regression analysis defined the equation FRUSP = 0.003 × FISP + 2.569 
(Fig. 4.7) for the predicted number of species used as fruits from a given family 
that might be expected if they were chosen randomly. The residual analysis clearly 
shows that the species from the Rosaceae and Fagaceae families (with residuals 
of 32 and 6, respectively), especially of the first one, are clearly selected for their 
edible fruits, with the number of species much higher than those that could be ex-
pected if randomly chosen.
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Inside the Rosaceae family, the use of some very diverse genera can be high-
lighted, such as Prunus, Sorbus and Rosa (six species each), Rubus (five species), 
Pyrus and Crataegus (three species). In the family Fagaceae, the very diverse genus 
Quercus stands out with seven species.

Regarding the cultural significance of each family, Fig. 4.8 shows that the two 
most important families are again the most diverse. The family Rosaceae (CI: 4.59), 
besides its diversity of species, accounts for several species with a high CI, such 
as Rubus ulmifolius (0.70), the most important, Crataegus monogyna Jacq. (0.50), 
Prunus spinosa L. (0.40) and Fragaria vesca L. (0.34). In the family Fagaceae (CI: 
1.25), the importance of Quercus ilex L. (0.55), Castanea sativa Mill. (0.39) and 
Fagus sylvativa L. (0.14) must be remarked.

The third family Ericaceae includes Arbutus unedo L. (CI: 0.55), the second 
most culturally important species in the category of fruits tied with Quercus ilex.

4.4.1.2  Life Form

As can be seen in Fig. 4.9, the great majority of the species whose mature fruits 
or seeds are traditionally eaten in Spain are trees (46 %) and shrubs (42 %), with a 
much lower percentage of perennial and annual herbs (10 and 2 %, respectively). 
There are lots of examples of trees, such as Arbutus unedo, Quercus ilex and Pinus 

Fig. 4.7  Lineal regression analysis between number of wild species of a certain family used as 
edible fruits in Spain (FRUSP) and total number of species of each family in the Iberian Flora 
(FISP). ROS Rosaceae; FAG Fagaceae; ERI Ericaceae; GRO Grossulariaceae; AST Asteraceae; 
FAB Fabaceae
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Fig. 4.9  Life form of the wild species used as fruits in Spain

 

Fig. 4.8  Cultural importance of the ten families that include species with the highest number of 
use-reports as wild fruits in Spain, indicating the contribution of some of the most important spe-
cies (RubUlm Rubus ulmifolius; CraMon Crataegus monogyna; PruSpi Prunus spinosa; QueIle 
Quercus ilex; CasSat Castanea sativa; ArbUne Arbutus unedo; PinPin Pinus pinea)
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pinea, and shrubs, such as Amelanchier ovalis Medik., Berberis vulgaris L. and 
Rubus ulmifolius, but there are a few perennial and annual herbs, such as Fragaria 
vesca and Silybum marianum.

4.4.1.3  Part of the Plant Consumed

As mentioned before, our category of wild ‘fruits’ includes those plants whose fruits 
(or seeds) are consumed when fully ripe. However, if we differentiated them by 
organs, it could be remarked that the majority of the species (91 %) are used for 
their fruits, while a few are used only for their seeds (9 %), such as Pinus pinea and 
Cistus ladanifer L. The divergence is even higher if we consider also the UR (95 
and 5 %, respectively).

4.4.2  The Traditional Consumption of Wild Fruits

4.4.2.1  Mode of Consumption

Regarding the mode of consumption of fruits, three categories have been consid-
ered. Two of them are consumed raw: the first one directly in the field, as a snack, 
and the second at home, sometimes after being stored. The third category implied 
the cooking of the fruits, both for the elaboration of jam or other dishes and simply 
for consumption through boiling or roasting. Most of the species are consumed in 
more than one category, producing overlapping among them, as shown in the Venn 
diagram of Fig. 4.10. This figure shows the number of species exclusive or shared 
in each section of the categories and also their cultural importance (CI), as the sum 
of the CI of the species included.

The fruits of most of the species (97 %) were eaten raw, the majority of them di-
rectly in the field (91 %), traditionally consumed by children or by shepherds. This 
mode of consumption was predominant or exclusive in some of the species, such 
as Crataegus monogyna, Rosa sp. pl., Arctostaphylos uva-ursi (L.) Spreng., Celtis 
australis L., Fragaria vesca, Sorbus aria (L.) Crantz and S. torminalis (L.) Crantz. 
The fruits of some of the species were also taken for being consumed at home, 
sometimes even stored. Some of them, such as those of Prunus spinosa L., Pyrus 
bourgaeana Decne. and Mespilus germanica L., needed to be stored for some time 
(usually in hay or grain) before consumption. This process of overripening, which 
increases the sugar content of the fruits and therefore improves considerably their 
palatability, was also used with Malus sylvestris (L.) Mill. and Viburnum lantana L.

The fruits of a few species were cooked, used both for the elaboration of jam 
( Arbutus unedo and several species of the genera Rubus, Rosa and Vaccinium) and 
simply for the purpose of consumption through boiling or roasting ( Castanea sativa 
and several species of Quercus). As can be seen in the figure, the section with a 
higher CI is that integrated by the species that are consumed in the three ways, such 
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Fig. 4.10  Venn diagram showing the number of species of fruits consumed in each category and 
the overlapping among them. In parentheses is the CI of that category (sum of CI of their species)

 

as Rubus ulmifolius, Quercus ilex, Castanea sativa, Arbutus unedo and Vaccinium 
myrtillus L. Although the acorns of Quercus ilex subsp. ballota (Desf.) Samp., espe-
cially those of some sweet specimens, can be directly consumed, those of the sub-
species ilex and other species of this genus (e.g. Q. faginea Lam. and Q. suber L.) 
required a cooking treatment that removes the bitterness. In the case of the fruits of 
Sambucus nigra L., besides their use for making beverages, all the reports referred 
to their consumption after cooking, used for elaborating a delicious jam. This is due 
to the slight toxicity of its raw fruits that completely disappears with the cooking 
process (Couplan 1990; Velasco et al. 2010).

4.4.2.2  Harvesting and Consumption Time: Preservation Techniques

Even though there are important regional differences resulting from the range of 
latitude and altitude, the fruits of the majority of the species registered in the data-
base ( n = 71; 90 % of the species) are collected in summer and autumn (Fig. 4.11). 
It must be noted that the harvesting time of some species lasts for several seasons, 
both because the maturity period extends to more than one season (e.g. the end of 
summer and the autumn) and for the climatic variability among regions.

Some species from more humid regions, such as wild strawberries (Fragaria 
vesca), cherries ( Prunus avium L.) and blueberries (Vaccinium myrtillus), are 
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typically collected in summer (or final spring). However, there are also some spe-
cies of drier Mediterranean areas that were also harvested in summer, such as the 
seeds of Cistus ladanifer and the fruits of Corema album (L.) D. Don, Silybum 
marianum and Chamaerops humilis.

There is also an important number of species whose fruits are collected in sum-
mer and autumn, such as Rubus ulmifolius, Berberis vulgaris, Celtis australis and 
Ceratonia siliqua L.

The acorns of several species of Quercus genus (especially Q. ilex), the chestnuts 
(Castanea sativa) or the fruits of Fagus sylvatica, Malus sylvestris or Sambucus 
nigra are naturally collected in autumn.

There are a few species whose fruits’ harvesting time is out of this period, such as 
Arbutus unedo, from the middle-end of autumn to the beginning of winter, Viscum 
album L. in winter and Pinus halepensis Mill. in spring. The pine nuts of Pinus 
pinea reach their maturity in the autumn of the third year after flowering and are 
collected all year round.

As for preservation techniques, some simple methods were sometimes used 
to make fruits available throughout the year. Some wild fruits, such as hazelnuts 
( Corylus avellana L.), were dried as they are today as a mode of preservation. 
However, in the fruits of other species, such as Prunus spinosa and Arctostaphylos 
uva-ursi, this process also made them more palatable by increasing sugar concen-
tration. Without being completely dried, the flavours of other species were also im-
proved by a process of overmaturing in hay or straw. That was the case with Malus 
sylvestris, Pyrus bourgaeana or Viburnum lantana. Finally, some species have been 
used to make jam, such as Rubus ulmifolius, Prunus insititia L. and Arbutus unedo.

Fig. 4.11  Number of wild species whose fruits (or seeds) are harvested in each season
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4.5  Regional Differences in Traditional Wild Plant 
Consumption

As analyzed in a previous work (Tardío and Pardo-de-Santayana 2014), there are 
important regional differences in traditional wild food plants consumption in Spain, 
both in overall number of species and in the relative importance of the different food 
use-categories. Northern regions show, in general, a lower number of edible species 
and a greater importance of the ‘wild fruits’ category. People from Mediterranean 
regions, from the centre, east and south of Spain, have traditionally consumed a 
much higher number of species, most of them vegetables. Ethnobotanical studies 
carried out in other European countries seem to confirm the same general trend. 
Northern countries, such as Poland (Łuczaj 2008; Łuczaj and Szymañski 2007), ac-
count for a lower number of wild edibles consumed, both in overall figures and in 
the proportion of vegetables and condiments used. However, southern and Mediter-
ranean regions such as the south of Italy (Ghirardini et al. 2007; Pieroni et al. 2005) 
and Bosnia-Herzegovina (Redžić 2006) are characterized both by a considerably 
much higher number of wild species consumed and especially wild vegetables, be-
ing known in terms of Łuczaj (2008), as herbophilous regions opposed to the herbo-
phobous regions of northern Europe. This phenomenon is also discussed by Łuczaj 
and Pieroni in Chap. 3 of this book.

4.6  Evolution of Wild Plant Consumption in Spain

It should be noted that wild species registered in our database are those that have 
been traditionally consumed in Spain until about 50 years ago. Most of them are 
only a reminder of the wild plant consumption in the past, and they are rarely col-
lected today. Apart from the reasons for this change already mentioned in Sect. 4.1, 
such as social and agricultural changes and the present availability of cultivated 
fruit and vegetables, some of these wild foods are considered famine food and oth-
ers were simply children or shepherd snacks that today appear as unfashionable.

However, there are a number of species (e.g. Asparagus acutifolius, Scolymus 
hispanicus, Silene vulgaris, Tamus communis and Montia fontana) that are still col-
lected or even marketed on a small scale, but in a much lower proportion than in 
the past. In order to assess the level of this decrease, our research group has carried 
out some recent ethnobotanical surveys in rural areas of Central Spain (Andrés 
2012; Dávila 2010; García-Cervigón 2013; Molina-Bustamante 2014; Polo et al. 
2009). Table 4.2 shows the results of these five works referring to past and present 
consumption of five wild plants in seven municipalities. It can be seen that even 
in species still consumed (24–53 % of the informants), such as the wild vegetables 
Scolymus hispanicus and Silene vulgaris or the fruits of Rubus ulmifolius, the mean 
decreasing rate ranges between 24 and 58 %. The table also shows two species 
whose consumption has been almost abandoned (mean decreasing rate 89–97 %), 
such as Rumex papillaris, which was consumed as a raw vegetable by almost 50 % 
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of the informants in the past, and Crataegus monogyna, whose fruits were eaten in 
the past by 30 % of the informants.

These studies also indicate that older people clearly consume and gather more 
species than the younger generations, but they do not find important differences 
in the gendered distribution of ethnobotanical knowledge about wild edible plants 
(Andrés 2012; García-Cervigón 2013; Polo et al. 2009).

Therefore, there is a general decline in the gathering and consumption of wild 
edible plants though it is maintained for some selected species that are especially 
appreciated for their flavour in addition to the recreational motivation of gathering.

At the same time, both in Spain and in other Western countries, there is a grow-
ing interest in wild food plants attributable to several reasons. On one hand, it is 
because of their gastronomic interest that has caused them to be even included in 
the haute-cuisine restaurant menus (see also Chap. 2). On the other hand, as amply 
discussed in many other chapters of this book, there is also great interest for their 
nutritional value and their role in maintaining human health (e.g. Bharucha and 
Pretty 2010; Johns and Eyzaguirre 2006; Simopoulos 2004) and as possible sources 
of nutraceuticals (Heinrich et al. 2006).

Finally, as it is happening in other European countries (Łuczaj et al. 2012), we 
have detected in Spain an increasing interest in wild food gathering courses, books 
and other outreach activities carried out by our research team among urban young 
people concerned with rural traditional knowledge. We hope that through all these 
efforts, the ethnobotanical knowledge about edible wild plants that has been formed 
over thousands of years shall not disappear and will continue to be used in the fu-
ture.
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Chapter 5
Natural Production and Cultivation of 
Mediterranean Wild Edibles

María Molina, Manuel Pardo-de-Santayana and Javier Tardío

5.1  Introduction

As discussed in previous chapters, foraging wild plants for food is still a popular 
activity in rural contexts of the Mediterranean region (Hadjichambis et al. 2008). 
Although it is no longer a subsistence practice, recreational harvesting for domestic 
consumption currently attains traditional and new collectors such as retired people 
and Sunday excursionists from urban areas, and a renewed interest for commercial 
harvesting is arising (Molina et al. 2012). Green wild vegetables are frequently sold 
in Italy, Greece, and Croatia (D’Antuono and Lovato 2003; Łuczaj et al. 2012). For 
instance, the vegetable mix called mišanca/pazija in Croatia, containing several 
wild species (Fig. 5.1), is currently sold in every market of the Dalmatian coast (di 
Tizio et al. 2012; Łuczaj et al. 2013). In Spain, gourmet liqueurs and marmalades 
made from wild fruits are sold in some street markets and shops (Pardo-de-Santay-
ana et al. 2010), and wild vegetables can be occasionally found in local markets and 
restaurants (Parada et al. 2011; Tardío 2010). Even avant-garde restaurants, such as 
the Danish restaurant “Noma” in Copenhagen, considered one of the best restau-
rants in the world nowadays, offers a very wide selection of wild food plants (See 
Chap. 3). As in the case of mushrooms (de Frutos et al. 2009; Martínez de Aragón 
et al. 2007), the demand for some wild plants seems to be increasing, becoming an 
economically profitable activity (Łuczaj et al. 2012).
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The present tendency towards the recovery of food traditions and the need for 
product diversification may also offer opportunities for new crop domestication 
(D’Antuono and Lovato 2003; Egea-Gilabert et al. 2013). Native species of wild 
fruits and vegetables often represent unexploited resources that can promote a 
healthier and more diverse diet (Sánchez-Mata et al. 2012). In this way, there is 
a large set of wild-growing species used in Mediterranean traditional cuisines that 
deserves more attention. The cultivation of plants already known and traditionally 
used for food may represent alternative crops for niche markets (Benincasa et al. 
2007; D’Antuono et al. 2009).

Some wild edibles are either obtained from the wild or from cultivation. For 
instance, the golden thistle ( Scolymus hispanicus L.; Fig. 5.2) has been subject to 
cultivation in the past (Hernández Bermejo and León 1994) but is currently a minor 
crop only cultivated in a few areas of southern Spain (Soriano 2010) and southern 
Italy (Laghetti 2009). It is also a culturally important species gathered from the 
wild in several Mediterranean countries such as Greece, Italy, Morocco, and Spain 
(Hadjichambis et al. 2008; Leonti et al. 2006; Nassif and Tanji 2013). Similarly, 
bladder campion ( Silene vulgaris (Moench) Garcke) growing in agricultural areas 
is tolerated and gathered for domestic consumption, and it is cultivated in some 
home gardens in Spain (Alarcón 2013) and Italy (Laghetti et al. 1994).

We can also find examples of recent domestication processes in other traditional 
wild vegetables such as the rocket salads ( Eruca vesicaria (L.) Cav., and Diplotaxis 
tenuifolia (L.) DC.) and watercress ( Rorippa nasturtium-aquaticum Hayek). In 
these “new” vegetables, the favorable combination of positive experience (sensory 
component of acceptance) and information (local gastronomy, health promotion) 
has contributed to successfully spreading their use (D’Antuono et al. 2009).

Despite the economic and nutritional interest of wild edible plants, there is still 
a poor knowledge of their natural production and its agronomic potential (Molina 
et al. 2014). In this chapter, we firstly present a review of worldwide studies on 
availability and production of wild edible plants, both on their natural environments 
and also some cultivation assays with Mediterranean plants. Afterwards, we resume 
our investigations on wild food plants production in their natural habitats and under 
cultivation in central Spain, taking into account the edible parts that are traditionally 
collected and consumed.

Fig. 5.1  Left and right, vegetable mixes called mišanca/pazija, with several species collected 
from the wild, are currently sold in some markets of Dalmatia, Croatia. (Photographs by Łukasz 
Łuczaj; with permission)
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5.2  Studies on Availability and Production of Wild Edible 
Plants

5.2.1  Overview of Natural Production Studies

According to the great heterogeneity of wild edibles regarding life and growth 
forms, natural habitats, and edible parts, a broad range of plant yield rates and natu-
ral supplies of these species should be expected. Wild edible plants include fruit-
tree species, tubers, edible young shoots, and leafy greens, among others. They can 
be found in a wide diversity of habitats, ranging from forests to human-disturbed 
areas, such as those from the agricultural landscape. Local supply and harvesting 
impact may also differ depending on life and growth forms, distribution areas, or 
parts used.

There are some studies that aim to evaluate quantitatively the natural availabil-
ity of wild edible plants. The results of some of them are shown in Table 5.1. We 
can find examples from Mexico (Farfán et al. 2007; González-Amaro et al. 2009; 
González-Insuasti et al. 2008; Pérez-Negrón and Casas 2007), Argentina (Díaz-
Betancourt et al. 1999; Ladio and Rapoport 2005; Rapoport 1995), North America 
(Kerns et al. 2004; Lepofsky et al. 1985; Murray et al. 2005), Finland (Ihalainen et al. 
2003; Miina et al. 2009; Turtiainen et al. 2011), or South Africa (Youngblood 2004).

Fig. 5.2  Commercial cultivation of golden thistle in southern Spain by a local agricultural cooper-
ative. Seedbed (a), crop plants before harvesting (b), harvested and peeled midribs, being cleaned 
in water tanks, where they remain turgid (c), edible plant material ready for commercialization (d). 
(Photographs courtesy of Centro de Conservación de Recursos Fitogenéticos del Instituto Nacio-
nal de Investigaciones Agrarias (CRF-INIA); with permission)
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Some of these studies assess the local supply and current demand of wild food 
resources. For instance, Farfán et al. (2007) documented an extraction of 7.47, 4.40, 
and 1.82 t of fruits per year of Prunus serotina Ehrh., Rubus liebmanii Focke, and 
Crataegus mexicana Moc. & Sessé ex DC. by the Mazahua indigenous community 
of Mexico. Bearing in mind the local availability of these species (Farfán 2001), the 
extraction rates were of 2.4 %, 73.3 %, and 5.4 %, respectively. Among wild leafy 
greens, these authors documented some less variable extraction rates of 18.2 %, 
19.6 %, and 13.2 % in Brassica campestris L., Amaranthus hybridus L., and Ror-
ippa nasturtium-aquaticum (L.) Hayek, respectively. Other studies conducted in 
the Tehuacán–Cuicatlán Valley in central Mexico also report important amounts of 
wild greens and cactus fruits (Pérez-Negrón and Casas 2007). According to these 
authors, the local supply of wild food plants widely meets their current demand and 
apparently does not endanger their natural populations.

The importance of the spontaneous weed vegetation in traditional agroecosys-
tems is also an interesting example of the economic potential of weedy vegetables. 
Some studies demonstrate that the potential benefits from the weed vegetation are 
sometimes higher than those derived from the main crop (González-Amaro et al. 
2009). For instance, useful spontaneous plants growing in a maize field and its 
margins at Tlaxcala, Mexico, produce 14.8 t ha−1 (fresh weight), being the forage 
species the major contributors (9.7 t ha−1) together with wild edible herbs such as 
A. hybridus, Chenopodium berlandieri Moq., Brassica rapa L., Malva parviflora 
L., and Calandrinia micrantha Schltdl. The first two species are widely available in 
the supermarkets of Mexico city as well as in traditional weekly markets (Vieyra-
Odilon and Vibrans 2001). However, maize grain (1.5 t ha−1), although supposedly 
the main purpose of maize cultivation, is a minor contributor to total productivity 
and potential net return. Maize straw is generally overlooked but is worth con-
siderably more (3.7 t ha−1 of dry weight) and gives a modest profit. This research 
suggests that the non-crop production can be economically highly important in tra-
ditional cropping systems as well as a risk mitigator to compensate crop failures.

Comparative studies were also performed between tropical and temperate areas of 
America in order to assess the potential amount of wild food provided by common 
weeds in urban and agricultural environments. Edible fresh biomass varies between 
1277–3582 kg ha−1 in Coatepec, Mexico, and 287–2939 kg ha−1 in Bariloche, Argen-
tina, with average values of 2.1 and 1.3 t ha−1, respectively (Díaz-Betancourt et al. 
1999). It suggests that tropical weeds are more productive than temperate weeds. 
Among the most profitable wild edible plants growing in Bariloche, the authors in-
dicate that Claytonia perfoliata Donn ex Willd. (syn. Montia perfoliata (Donn ex 
Willd.) Howell), a North American invader of Patagonian urban forests, shows clear 
capabilities to recover after harvesting the aerial parts (Díaz-Betancourt et al. 1999; 
Rapoport et al. 1998). Overall, exotic plants were the major contributors to wild edible 
biomass in disturbed areas, both in terms of species richness and coverage. Among 
fruits, yields of 0.28 t ha−1 of the native species Berberis buxifolia Lam. and 2 t ha−1 of 
the exotic species Rosa rubiginosa L. were reported in the surroundings of Bariloche, 
covering 33 and 1.2 % of the study area, respectively. They are currently consumed 
by 10 and 20 %, respectively, of the population at this site (Ladio and Rapoport 2005).
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Regarding commercial wild berries, such as bilberry ( Vaccinium myrtillus L.) 
and cowberry ( V. vitis-idaea L.), many studies on fruit production have been car-
ried out for decades (e.g., Raatikainen et al. 1984; Rossi et al. 1984). Mathematical 
models were also developed for predicting berry yields on national scales by means 
of forest stands data (Ihalainen et al. 2003; Miina et al. 2009). Bilberry is one of the 
economically most important wild fruit species in Finland, Sweden, and Norway 
(Turtiainen et al. 2011). Picking wild berries in the Nordic countries has been a 
popular traditional household and recreational activity, providing important addi-
tional income in some areas. Nowadays, approximately 60 % of the Finnish popula-
tion participates in berry picking every year (Turtiainen et al. 2011). According to 
recent studies, Finnish annual berry production varies from 92 to 312 million kg 
(22.3 kg ha−1 on average) of bilberry and from 129 to 386 million kg (22.7 kg ha−1) 
of cowberry (Turtiainen et al. 2011). Estimates from 1997 to 1999 indicate that ap-
proximately 5–6 % and 8–10 % of the total production of bilberries and cowberries, 
respectively, were collected in Finland, although it can be presumed that commer-
cial wild berry picking after the phenomenon of foreign pickers has so far affected 
current utilisation rates of wild berries (Turtiainen et al. 2011).

Other studies also estimate annual yields of wild fruits, such as those carried out in 
North America (Murray et al. 2005) on blueberry ( Vaccinium uliginosum L.), cloud-
berry ( Rubus chamaemorus L.), and crowberry ( Empetrum nigrum L.) and the works 
conducted in central Finland (Raatikainen et al. 1984) on black cowberry ( Empetrum 
spp.), blueberry (V. uliginosum), raspberry ( Rubus idaeus L.), cranberry ( V. oxycoc-
cos L. and V. microcarpon L.), and cloudberry (R. chamaemorus), among others.

Research on yield rates of edible wild bulbs and tubers of Cyperus usitatus 
Burch. ex Roem. & Schult., Albuca canadensis (L.) F.M.Leight., Pelargonium si-
doides DC., and Talinum caffrum (Thunb.) Eckl. & Zeyh. were performed in South 
Africa (Youngblood 2004).

In the Mediterranean region, some studies on the availability and yield of wild 
food species have recently been conducted by our research group in central Spain 
(Dávila 2010; Molina et al. 2011, 2012, 2014; Polo et al. 2009; Tardío et al. 2011). 
However, as far as we know, research on this topic has been poorly addressed re-
garding Mediterranean wild edibles, despite its interest to design sustainable strate-
gies of resource management and to promote environmentally friendly extraction 
practices for the use and commercialization of wild vegetables and fruits.

5.2.2  Some Cultivation Assays on Mediterranean Wild Plants

Cultivation assays of traditional wild edible plants are generally scarce, and some 
local experiences are only available on national publications, not accessible to the 
international scientific community. However, some morphological, agronomical, 
and/or biochemical analysis of several Mediterranean wild food plants have been 
recently conducted in Italy, Spain, Turkey, and Tunisia, including wild vegetables 
such as bladder campion, purslane, wild asparagus, and fleshy fruited species such 
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as strawberry tree. These studies aim to assess the agronomic potential of traditional 
wild edible plants, identifying germplasm accessions with the most interesting phe-
notypic and nutritional qualities suited for breeding programs to develop commer-
cial cultivars for the agricultural market (Egea-Gilabert et al. 2013). According to 
these studies, some wild species are considered promising new foods with possibili-
ties for marketing as high-quality, minimally processed products.

Bladder campion
Bladder campion (Silene vulgaris) is one of the most appreciated leafy vegetables 
in the traditional gastronomy of many Mediterranean countries. This species also 
exhibits a good nutritional potential according to nutritional analysis performed on 
plant material growing wild (Morales et al. 2012a, b; Sánchez-Mata et al. 2012) 
and cultivated (Alarcón et al. 2006; Egea-Gilabert et al. 2013). For these reasons, 
it is considered an attractive candidate for cultivation and commercialization as a 
ready-to-eat product.

Cultivation experiments of this species were conducted in Spain, including out-
door field trials (Fernández and López 2005; García and Alarcón 2007) and indoor 
greenhouse cultivation, both in soil-based culture (Alarcón et al. 2006; Arreola et al. 
2006; Franco et al. 2008) and in a hydroponic floating system (Egea-Gilabert et al. 
2013). Agronomical, morphological, and/or nutritional parameters were evaluated, 
in some cases under organic production systems (Alarcón et al. 2006). Average crop 
yields of 3400 g m−2 were obtained at low labor requirements, including hand weed-
ing and irrigation (Fernández and López 2005). It is considered a seasonal crop in 
which several harvests can be performed throughout the year, with a pick of produc-
tion in spring. Harvest takes place before flowering, when the plants have four to 
six leaves. The tender aerial parts are cut, leaving the roots intact and allowing plant 
regeneration (Fernández and López 2005).

Since bladder campion shows high inter- and intra-population genetic variation, 
accessions with desirable agronomical traits for marketing, such as a large leaf blade 
width/leaf length ratio, short internode length, late flowering, intense green color of 
the leaves, and of course, high yield, could be selected to meet commercial size and 
quality standards (Egea-Gilabert et al. 2013; García and Alarcón 2007). In addition, 
accessions with a high level of nutritional compounds (glutathione, total phenols, 
and antioxidant capacity) and low concentrations of antinutritional compounds are 
desired (Alarcón et al. 2006; Conesa et al. 2009; Egea-Gilabert et al. 2013). The use 
of vegetative reproduction can be the starting point to the cultivation of the most 
interesting genotypes (Alarcón 2013). Other issues of interest for its cultivation 
were studied, such as the influence of fertilization strategies on yield (Arreola et al. 
2004) and the influence of nursery irrigation regimes on vegetative growth and root 
development, assessing its potential as a crop for semiarid conditions (Arreola et al. 
2006; Franco et al. 2008).

Purslane
Purslane (Portulaca oleracea) also has a long history of use for human food. Some 
varieties such as Golden Gerber, Garden (The Netherlands), and Golden (England) 
are commercially grown. It is considered a minor crop in the USA, and it is also 
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cultivated on a small scale in France and Holland, whereas in other parts of the 
world, it is regarded as a weed (Cros et al. 2007). The interest in cultivating this 
annual species has grown in the last decades since it is considered an exceptionally 
rich source of bioprotective nutrients, particularly of ω-3 fatty acids and antioxi-
dants (Dkhil et al. 2011; Mortley et al. 2012; Simopoulos et al. 1995).

In the Mediterranean region, some cultivation experiments have been conducted 
in Spain (Cros et al. 2007; Franco et al. 2011) and Italy (Gonnella et al. 2005) to 
grow common purslane for its interest as a baby-leaf vegetable or as a component 
of mixed ready-to-use vegetables. Plants grown in a hydroponic floating system and 
harvested at the five-leaf-pair stage produced yields of 1800–2200 g m−2 of fresh 
weight (Cros et al. 2007). Different substrates were tested, and peat was found to 
be the best one for floating system culture according to yield and fatty acid content 
parameters (Cros et al. 2007). Considerably higher yields of 9–15 kg m−2 were re-
corded by Gonnella et al. (2005) for purslane under floating system cultivation. In 
this case, a considerable portion of shoots, made up of leaves and succulent stems, 
was harvested.

As happens in other leafy vegetables, acceptable contents of nitrate and oxalates 
are required to meet quality standards. This topic has been extensively studied in 
purslane grown in soilless culture systems (Fontana et al. 2006; Palaniswamy et al. 
2002, 2004) as well as the influence of harvest intervals on fatty acid content (Mort-
ley et al. 2012). Seed germination methods were also analysed (Fernández et al. 
2008). Since this species is moderately tolerant to salinity and drought, it is consid-
ered a promising vegetable for agriculture in dry areas or areas where the irrigation 
water contains high salt concentrations (Franco et al. 2011; Teixeira and Carvalho 
2009; Yazici et al. 2007).

Wild Asparagus
Another traditional vegetable with a great potential to become a new crop is wild 
asparagus (Asparagus acutifolius). In this case, cultivation experiments (Fig. 5.3) 
were conducted in Italy to provide suitable field techniques that support recent at-
tempts of farmers for producing spears from this perennial Mediterranean shrub 
(Benincasa et al. 2007; Rosati et al. 2005). Since the wild asparagus market already 
exists in several Mediterranean countries, cultivation may increase the limited 
availability from the wild. Additionally, the frugality of the wild asparagus allows 
for a crop virtually free of pests and diseases, perfectly suited for organic or any 
other natural farming techniques (Aliotta et al. 2004; Benincasa et al. 2007).

According to Benincasa et al. (2007), average spear weight varied from 5.6 
to 6 g in mature plants that are 3 years old, and 4–8 spears per plant were col-
lected at regular intervals from March-April to May, reaching average crop yields 
of 1000–1400 kg ha−1 and 2000 kg ha−1 from the best plots (crop density of 
33,000 plants ha−1). Similar results were obtained by Rosati et al. (2005). In con-
trast to cultivated asparagus ( A. officinalis L.), the evergreen and prickly vegetation 
of wild asparagus poses an obstacle to fast and comfortable harvesting. According 
to these authors, cutting the vegetation to ease harvest reduces harvest labor by 
approximately half but may reduce plant vigor and yield and compromise plant 
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longevity (Rosati et al. 2005). However, they hypothesize that better irrigation and 
nutrition as well as interrupting harvest earlier should allow the plant to recover 
from the stress of having to replace the evergreen vegetation. The spears could also 
be directly harvested by the consumers in pick-your-own operations associated with 
tourism in order to reduce harvest costs (Benincasa et al. 2007).

Since wild asparagus has similar ecological requirements to olive trees, and it 
grows under both sun and shade expositions, its cultivation as an understory crop 
could provide economic sustainability in traditional olive cultivation, with no det-
riment on the yield of either crop (Rosati 2001; Rosati et al. 2009). It would ease 
pressure on forests and help control soil erosion on agricultural lands.

Strawberry Tree
Some studies have also been conducted in fruit-tree species, although to a lesser 
extent. For instance, morphological and genetic studies of strawberry tree (Arbutus 
unedo) and breeding programs have been carried out in Italy (Mulas et al. 1998; 
Mulas and Deidda 1998), Turkey (Celikel et al. 2008), and Tunisia (Takrouni and 
Boussaid 2010) with the aim of promoting extensive cultivation and preventing 
deforestation and over-collecting of natural stands. Other candidates for cultivation 
include Myrtus communis for the liqueur industry (Mulas et al. 1998).

Fig. 5.3  a–d Cultivation experiments of Asparagus acutifolius at the Instituto de Horticultura 
Pontacagnano of Salerno, Italy. Nursery production (a) and adult asparagus plants (b). Wild aspar-
agus cultivated under olive trees: initial stage (c) and adult plants (d). (Photographs by Adolfo 
Rosati; with permission)
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5.3  Natural Production of Wild Edibles in Central Spain

Research on natural production and availability of wild edible plants was performed 
by our research group in central Spain (Molina et al. 2011, 2012, 2014; Molina 
2014; Tardío et al. 2011). Field work was conducted during the years 2007–2009 
in several outlying villages around Madrid city. We estimated the production per 
plant (gram of edible fresh matter) and the potential food supplies (production per 
hectare) of some wild vegetables and fruits traditionally consumed in Spain and 
other Mediterranean countries. For each species, the sampling areas were limited to 
the specific places where these plants spontaneously grow. Since plant production 
is widely influenced by ecological and climatic factors, yield average values were 
calculated from different data sets obtained during 2 or 3 consecutive years and 
from two different sites. A detailed description of methodological procedures can 
be found in the aforementioned references.

5.3.1  Wild Vegetables Growing in Human-Disturbed Areas

Wild vegetables constitute the most important group of wild food plants harvested 
in the Mediterranean countries according to several ethnobotanical studies (Ghi-
rardini et al. 2007; Nassif and Tanji 2013; Tardío et al. 2006; see also Chap. 4). A 
remarkable percentage of these leafy vegetables are weeds or ruderal species grow-
ing in human-disturbed areas such as agricultural fields, orchards, pastures, fallow 
lands, vacant lots, and roadsides (Fig. 5.4).

As shown in Table 5.2, some weedy vegetables are very productive, reaching 
average yields of 260–280 g per plant of sea beet ( Beta maritima L.) and fennel 
( Foeniculum vulgare Mill.) and 120–130 g per plant of chicory ( Cichorium intybus 
L.) and bugloss ( Anchusa azurea Mill.). Other species show individual plant yields 
lower than 60 g per plant, such as those of skeleton weed ( Chondrilla juncea L.), 
field poppy ( Papaver rhoeas L.), sow thistle ( Sonchus oleraceus L.), and dandelion 
( Taraxacum obovatum (Willd.) DC.). Production varied from 50 to 100 g per plant 
in golden thistle and milk thistle ( Silybum marianum (L.) Gaertn.), respectively, 
out of which only the midribs of the basal leaves are eaten. In wild leek ( Allium 
ampeloprasum L.), the edible portion formed by the bulb and the pseudostem of 
overlapping leaves yields approximately 14 g per plant.

Most of the aforementioned species were grouped as non-clonal plants since the 
aerial parts can be assumed to have developed from a single “rooted unit”. Other 
species that have branching rhizomes, such as sorrel ( Rumex papillaris Bois. & 
Reut.) or fiddle dock ( Rumex pulcher L.), and stoloniferous stems, such as blad-
der campion, were considered clonal species. They usually grow forming clumps; 
thus, dense rosettes or patches may have originated from one or more “rooted unit”. 
Yields of clonal species presented in Table 5.2 were referred as gram per 20 × 20-cm 
quadrat (0.04 m2). It represents a plant–unit surface comparable to the surface oc-
cupied by the basal rosette of the non-clonal species. Among clonal species, yields 
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Fig. 5.4  Collecting Allium ampeloprasum (a, b) and Silybum marianum (c, d) in the borders of 
pathways (a) and in fallow lands (c), respectivesly. (Photographs by María Molina)

 

Table 5.2  Natural productions of wild vegetables growing in human-disturbed areas (mean ± stan-
dard error). (Data source: Molina et al. 2014)
Species Parts used Total yield Units
Non-clonal species
Allium ampeloprasum Bulb and pseudostem 13.8 ± 0.6 g/plant
Anchusa azurea Basal leaves 117.1 ± 8.4 g/plant
Beta maritima Basal leaves 284.4 ± 24.3 g/plant
Chondrilla juncea Basal leaves 30.1 ± 2.7 g/plant
Cichorium intybus Basal leaves 130.7 ± 11.2 g/plant
Foeniculum vulgare Young leaves and stems 261.7 ± 21.1 g/plant
Papaver rhoeas Young leaves and stems 58.4 ± 6.1 g/plant
Scolymus hispanicus Midribs of basal leaves 52.7 ± 4.9 g/plant
Silybum marianum Midribs of basal leaves 117.1 ± 8.4 g/plant
Sonchus oleraceus Young leaves and stems 28.3 ± 2.5 g/plant
Taraxacum obovatum Basal leaves 12.7 ± 0.8 g/plant
Clonal speciesa

Rumex papillaris Basal leaves 98.3 ± 4.0 g/quadrat
Rumex pulcherb Basal leaves 86.1 ± 5.1 g/quadrat
Silene vulgarisc Young leaves and stems 20.4 ± 0.8 g/quadrat

a In clonal species, yields are referred as gram per 20 × 20-cm quadrat that represent a plant–unit 
surface comparable to the surface occupied by the basal rosette of the non-clonal species
b Rumex pulcher subsp. pulcher
c Silene vulgaris subsp. vulgaris
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of 85–100 g per quadrat of sorrel and fiddle dock could be obtained, whereas lower 
production rates were found in bladder campion (20 g per quadrat).

5.3.2  Wild Vegetables Growing in Aquatic Environments

Some wild vegetables occur in damp places, frequently in water, that is, in springs, 
streams, moist pastures, irrigation channels nearby farmlands, and/or swampy ar-
eas. This is the case of fool’s water-cress ( Apium nodiflorum (L.) Lag.) and water 
blinks ( Montia fontana L.), as shown in Fig. 5.5. Both species develop branching 
stems, sometimes prostrate and rooting, and they usually grow forming clumps. The 
aerial parts, including young leaves and stems, are consumed. As can be seen in 
Table 5.3, natural production rates oscillate between 100–150 g per quadrat.

Fig. 5.5  Collecting Apium nodiflorum (a, b) and Montia fontana (c, d) in irrigation channels 
nearby farmlands (a) and in swampy areas (c), respectively. (Photographs by María Molina)

 

Table 5.3  Natural productions of wild vegetables growing in aquatic environments (mean ± stan-
dard error). (Data source: Tardío et al. 2011; Molina et al. 2014)
Species Parts used Total yielda Units
Apium nodiflorum Young leaves and stems 152.5 ± 11.5 g/quadrat
Montia fontanab Young leaves and stems 105.7 ± 5.1 g/quadrat

a Yields are referred as gram per 20 × 20-cm quadrat
b Montia fontana subsp. amporitana Sennen.
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5.3.3  Edible Young Sprouts Growing in Forestlands

Apart from the so-known wild asparagus ( Asparagus acutifolius and other spe-
cies of the same genus), there are other climbing plants whose young sprouts are 
traditionally collected in the Mediterranean region, such as red bryony ( Bryonia 
dioica Jacq.), black bryony ( Tamus communis L.), and hop ( Humulus lupulus L.). 
They can be found in forested areas including Mediterranean sclerophyllous and 
deciduous forests, riverbank forests, and/or wooded edge margins of croplands and 
pastures (Fig. 5.6). The apical parts of their young stems (spears) are generally 
consumed cooked.

As shown in Table 5.4, average spear weight barely varied from 1.5 to 2.8 g 
in these species. However, total yields depend not only on spear weight but on 
the spear number as well. Apart from the spears that progressively emerge from 
the subterranean organs during the growing season, the spears that originated from 
lateral buds when the apical bud is removed can also be collected in red bryony 
and hop, increasing its productivity. Taking into account the total number of spears 
and their weight, individual plant yields of 8 g per plant were obtained in the wild 
asparagus, whereas the production of red bryony was five times higher (40 g per 
plant). Individual plant yields could not be measured in black bryony. Nevertheless, 
according to personal observations, the spears of black bryony that originated from 
lateral buds when the apical one is cut are very thin and they do not achieve harvest-
able sizes. Thus, harvestable new spears could only be originated from the tuber. 

Fig. 5.6  Collecting young sprouts of Asparagus acutifolius (a, b) and Tamus communis (c, d) in 
Mediterranean holm oak forests (a) and in the wooded edge margins of pasturelands (c), respec-
tively. (Photographs by María Molina)
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Finally, in the clonal species H. lupulus, which usually propagates by vegetative 
growth by means of branching rhizomes, approximately 79.3 g m−2 of spears could 
be obtained in the natural patches of vegetation formed by hop.

5.3.4  Wild Fruits Growing in Forestlands

Wild fruits are also an interesting food resource of Mediterranean forestlands. Pe-
rennial species with edible fruits can be found in sclerophyllous and deciduous 
forests, riverbank forests, and/or wooded edge margins of croplands and pastures. 
Apart from dry fruits and seeds, such as acorns, chestnuts, hazelnuts, and pine nuts, 
there is a large set of fleshy fruits traditionally consumed in the Mediterranean re-
gion (Fig. 5.7).

The natural production rates of some of them are presented in Table 5.5. For in-
stance, average fruit weight of strawberry tree and hawthorn ( Crataegus monogyna 
Jacq.) was 3.69 g and 0.36 g, respectively. A total of 4–4.4 kg per tree could be ob-
tained in these species. Other plants, such as blackberry ( Rubus ulmifolius Schott), 

Table 5.4  Natural productions of edible wild sprouts collected in forested areas (mean ± standard 
error). (Data source: Molina et al. 2012; Molina 2014)
Species Spear weight (g) Spear number Units Total yield Units
Asparagus 
acutifolius

2.76 ± 0.09 2.96 ± 0.25 Spears/plant 8.15 ± 0.76 g/plant

Bryonia 
dioica

1.76 ± 0.02 23.60 ± 2.25 Spears/plant 40.67 ± 4.74 g/plant

Humulus 
lupulus

1.69 ± 0.05 63.83 ± 8.31 Spears/m2 of 
plant

79.3 ± 14.7 g/m2 of plant

Tamus 
communis

1.58 ± 0.07 N/Aa – N/A –

a N/A not available

Fig. 5.7  Wild fleshy fruits of Arbutus unedo (left) and Crataegus monogyna (right) growing as 
understory species in Mediterranean forests. (Photographs by María Molina)

 



955 Natural Production and Cultivation of Mediterranean Wild Edibles

produce 500 fruits m−2 of approximately 1 g each. Potential yields of 0.51 kg m−2 
are expected in the natural patches of vegetation covered by this clonal species with 
branching rhizomes.

5.3.5  Potential Food Supplies of Wild Edibles

Taking into account individual plant yields (Tables 5.1–5.4) and plant density es-
timates (Molina 2014), the approximate figures of the potential food supplies that 
these species could offer in their natural habitats are presented in Fig. 5.8. Among 
leafy vegetables and sprouts, yields lower than 100 kg ha−1 were observed in Scoly-
mus hispanicus (28 kg ha−1) and Sonchus oleraceus (86 kg ha−1) and Asparagus acu-
tifolius (6 kg ha−1), Tamus communis (13 kg ha−1), and Bryonia dioica (91 kg ha−1), 
respectively. Yields varied between 100 and 500 kg ha−1 in leafy vegetables such 
as Allium ampeloprasum, Anchusa azurea, Chondrilla juncea, Cichorium intybum, 
Rumex papillaris, and Silene vulgaris; sprouts such as those of Humulus lupulus; 
and fruit species such as Arbutus unedo and Crataegus monogyna. Other leafy veg-
etables such as Beta maritima, Papaver rhoeas, Rumex pulcher, and Silybum maria-
num obtained yields from 500 to 1000 kg ha−1. The species which reached the high-
est yields were Foeniculum vulgare (1760 kg ha−1), Montia fontana (2140 kg ha−1), 
and Rubus ulmifolius (2416 kg ha−1).

5.4  Cultivation Experiments on Wild Leafy Vegetables at 
IMIDRA (Madrid, Central Spain)

Cultivation experiments aimed to explore the agronomic feasibility of some tradi-
tional leafy vegetables were also conducted by our research group at the Madrid In-
stitute for Research in Food and Agriculture (IMIDRA) in Spain. Crop yields from 
five culturally important wild species were assessed: skeleton weed (Chondrilla 
juncea), chicory (Cichorium intybus), fiddle dock (Rumex pulcher), golden thistle 
(Scolymus hispanicus), and bladder campion (Silene vulgaris).

Table 5.5  Natural productions of wild fruits growing in forested areas (mean ± standard error). 
(Data source: Molina et al. 2011; Molina 2014)
Species Fruit weight 

(g)
Number of fruits Units Total yield Units

Arbutus unedo 3.69 ± 0.08 1136 ± 150 fruits/tree 4.39 ± 0.63 kg/tree
Crataegus 
monogyna

0.36 ± 0.01 11,109 ± 1572 fruits/tree 4.00 ± 0.56 kg/tree

Rubus 
ulmifolius

1.01 ± 0.02 504 ± 51 fruits/m2 of 
plant

0.51 ± 0.05 kg/m2 of plant
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5.4.1  Cultivating Wild Vegetables

Seeds from two different sites (two accessions per species) were collected in sum-
mer 2009 and sown at the end of winter 2010 in a nursery. Jiffy pots located in 
plastic trays were sown with several seeds and thinned, leaving one plant per pot 
for being transplanted to the field in spring at the end of March (Fig. 5.9). We used 
a randomized design with four replications. The 2.40 × 0.8-m (1.92 m2) elementary 
plot included 24 plants, placed in two rows separated 40 cm and 20 cm within them, 
with corridors of 2.6 m width among the four blocks (Fig. 5.9). Labor requirements 
were limited to occasional drip irrigation at the driest periods and hand weeding.

Due to the late nursery and transplant in 2010, crop yields of these five perennial 
species were measured during the second and third year after the plantation (2011–
2012). In general, 5 plants per plot, that is, 40 plants per species (5 plants × 4 blocks 

Fig. 5.8  Potential food supplies estimations of some traditional wild edible plants in the Mediter-
ranean region. Yield rates are exclusively referred to the specific natural habitats where each plant 
occurs spontaneously (kg ha−1; mean  ±  standard error). (Data source: Molina et al. 2011, 2012, 
2014; Molina 2014; Tardío et al. 2011)
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× 2 accessions), were harvested, and the fresh edible part was immediately weighed. 
In the clonal species Silene vulgaris, we collected the edible plant material of five 
20 × 20-cm quadrats. The number of harvest episodes per year varied depending 
on the capacity of the species for regrowth after harvesting and the annual weather 
conditions. Harvest began in spring, and in some species, such as Cichorium inty-
bus, Rumex pulcher, and Silene vulgaris, a maximum of two episodes of harvest in 
springtime and one in autumn were performed. In Chondrilla juncea and Scolymus 
hispanicus, only one harvest in spring was conducted.

5.4.2  Production Under Cultivation

As shown in Table 5.6, most of the selected species showed crop yields around 
5000–7000 kg ha−1 year−1, except Chondrilla juncea (1674 kg ha−1 year−1). Scoly-
mus hispanicus stood out for its high yield per plant (279 g on average), whereas 
Silene vulgaris showed the highest degree of tolerance to be harvested several times 
per year (2.5 harvest episodes per year on average). Overall, Cichorium intybus ob-
tained the highest yields because of the combination of high rates of production per 
plant (159 g on average) and high tolerance to be harvested several times through-
out the year (two harvest episodes per year on average).

Fig. 5.9  Cultivation experiments at Madrid Institute for Research in Food and Agriculture (IMI-
DRA), Spain. Seedling of Silene vulgaris ready for being transplanted to the field (a). Random-
ized block design with four replicates was employed (b). Individual plot of Cichorium intybus (c). 
Harvesting 20 × 20 cm quadrats of Silene vulgaris (d). (Photographs by Javier Tardío)
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According to other cultivation experiments previously mentioned (Fernández 
and López 2005), Silene vulgaris can hold a greater number of harvest episodes 
per year, and consequently, crop yields could be almost duplicated. It could also 
be possible in other species such as Cichorium intybus, although our experience 
indicates that an excessive harvest could degenerate the culture prematurely since 
the plants become exhausted due to a repeated collection of the same individuals. In 
our opinion, the yields of Chondrilla juncea could be considerably increased in bet-
ter environmental conditions. Our experiments were performed on clay loam soil, 
developing small plants, but higher yields would presumably be obtained on sandy 
soils according to the specific soil preferences of this species.

5.4.3  Comparison with Natural Production

Crop yields of these five traditional wild vegetables can be compared with those 
obtained in their natural populations and previously presented in Table 5.3. Plant 
yields of cultivated versus growing wild plants are represented in Fig. 5.10. As 
shown in the figure, slightly higher figures of production per plant were obtained 
for Cichorium intybus and Rumex pulcher under culture in comparison with yield 
rates of these species growing wild. However, yields of cultivated Scolymus hispan-
icus, Chondrilla juncea, and Silene vulgaris duplicate or even triplicate its natural 
yield rates. As shown in Table 5.6, between 1.8 and 2.5 harvest episodes on average 
were performed in cultivated C. intybus, R. pulcher, and S. vulgaris, reaching total 
crop yields around 5000–7000 kg ha−1 year−1. Overall, we can conclude that even 
under non-intensive culture conditions, comparable to those of organic farming, the 
yield rates of these wild vegetables can be considerably increased.

Table 5.6  Crop yields of five wild leafy vegetables under experimental culture conditions during 
2011–2012 (mean  ±  standard error)
Species g/plant-quadrat kg/haa per 

harvest
Number of 
harvests

Total yield (kg/
haa)

Chondrilla 
juncea

75.9 ± 7.54 1674 ± 333 1.0 ± 0 1674 ± 333

Cichorium 
intybus

159.0 ± 6.15 3508 ± 271 2.0 ± 0.6 7016 ± 543

Rumex pulcherb 127.5 ± 5.51 2813 ± 243 1.8 ± 0.3 4923 ± 425
Scolymus 
hispanicus

279.0 ± 17.73 6155 ± 782 1.0 ± 0 6155 ± 782

Silene vulgarisc 60.5 ± 2.03 2668 ± 90 2.5 ± 0.3 6670 ± 225
a Considering the whole surface of the experiment
b Rumex pulcher subsp. pulcher
c Silene vulgaris subsp. vulgaris. In this species, yield refers to a 20 × 20-cm quadrat
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5.5  Opportunities and Current Challenges for Gathering 
and Cultivating Wild Food Plants

5.5.1  Gathering in the Wild

The gathering of wild edible plants is a complementary food resource that also of-
fers social benefits to local communities, such as contact with nature; reinforcement 
of social relationships and family ties; entertainment; physical, emotional, and spiri-
tual well-being; revitalization of local identities and traditions; etc. (Emery et al. 
2006; Menendez-Baceta et al. 2012). Therefore, the sustainable harvesting of wild 
food plants might be encouraged as a multifunctional use of biodiversity.

Most of the wild food plants traditionally consumed in the Mediterranean region 
are non-endangered species commonly found in disturbed areas and forestlands. 
Since the aerial parts of wild vegetables are collected before flowering and fruit-
ing, intense harvesting might impact the abundance of their natural populations, 
especially in annual herbs. Nevertheless, as shown in Chap. 4 of this book, many 
of the wild vegetables are perennial herbs, in which their harvesting usually leaves 
the subterranean organs intact and prevents the plants from being exhausted due to 
a repeated collection of the same individuals. Even in the case of the bulbous plant 
Allium ampeloprasum, whose collection might be considered destructive, our ex-
perience shows that many small bulbs produced around the central bulb remain in 
the collecting place (Molina et al. 2014). Many other weedy vegetables are annual 
and fast-growing species that are never completely collected, allowing the self-re-
generation of their populations. Neither does the extraction of wild fruits represent 

Fig. 5.10  Average plant production of five wild vegetables under culture and growing wild in g/
plant, except for Silene vulgaris, in gram per 20 × 20-cm quadrat
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a significant threat to ensure the long-term maintenance of natural stands in widely 
distributed species.

According to our estimations, the yield rates of wild food species growing in 
their natural environments were considerably high in most cases. It suggests that 
the impact of harvesting might be relatively low and that it would be possible to 
increase this practice to develop alternative commercial products, as proposed by 
Farfán et al. (2007). As commented in Sect. 5.2.1, the extraction rates found by 
these authors in Mexico were in most cases lower than 20 % of the local availability.

Our results may indicate that the production of Mediterranean wild edible plants 
showed a great heterogeneity of yield rates depending on life and growth forms, dis-
tribution areas, or parts used. Our yield rates of wild vegetables (30–2140 kg ha−1), 
edible sprouts (6–170 kg ha−1), and fruit species (300–2400 kg ha−1) were slightly 
lower than those reported in the bibliography of other non-Mediterranean territories 
(Table 5.1). These differences may be due to several reasons. One of them would be 
the specific morphological characteristics of each species. For instance, the edible 
leaves of Montia fontana are smaller (0.03–0.2 cm long) than those of the related 
species Claytonia perfoliata (0.5–4 cm long), which consequently obtained higher 
yields. However, we can also find remarkable intraspecific variation in several stud-
ies, even in the same country. As shown in Table 5.1, the production of Amaranthus 
hybridus varied from 45 kg ha−1 in the report of Pérez-Negrón and Casas (2007) to 
3000 kg ha−1 in that of González-Amaro et al. (2009), both in Mexico. These dif-
ferences might be due to ecological and climatic factors that can influence the local 
availability of wild species but also due to the application of different methodologi-
cal procedures that should be taken into account for comparison purposes.

The potential food supplies obtained in our field studies were calculated from a 
limited number of localities of central Spain. Therefore, they obviously are neither 
representative of Spain nor of the Mediterranean region. We should also note that 
the yield rates shown in Fig. 5.8 exclusively refer to the habitats and places where 
each species occurs spontaneously. Although some species could be locally abun-
dant, they are not necessarily common on a country basis. For instance, Montia fon-
tana was one of the most productive species according to Fig. 5.8, but the aquatic 
environments where it naturally occurs do not cover large areas, and additionally, its 
distribution is mainly limited to noncalcareous soils. Other wild vegetables growing 
in human-disturbed areas and with no specific soil preferences such as Cichorium  
intybus or Papaver rhoeas are more widely distributed on a country basis.

The changes in land uses and management practices could affect the local avail-
ability of these species. According to local perceptions, the abundance of some wild 
edible plants have diminished in the past decades due to deforestation, urban spread-
ing, the abandonment of traditional agricultural practices, and the use of modern 
agricultural practices such as deep ploughing and pesticide spraying (Celikel et al. 
2008; Laghetti 2009; Polo et al. 2009; Takrouni and Boussaid 2010). Since the risk 
of contamination by car exhausts or pesticide spraying could compromise the safe 
consumption of wild edibles in some cases, weedy vegetables could be collected 
in organic farms in order to guarantee food safety and to increase crop profitability 
(Molina et al. 2014).
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5.5.2  Cultivation

As we have previously pointed out, the cultivation of traditional wild food spe-
cies could represent an interesting alternative for the most culturally appreciated 
species, particularly of those that are scarce on a country basis. Rather than forage 
them, some species could be intentionally grown in order to satisfy their demand. 
It would contribute to ensure food quality and to avoid the contamination risks that 
wild vegetables growing on roadsides and in agricultural areas are exposed to (Mo-
lina et al. 2014). Cultivation would also help to control the risk of parasites in some 
aquatic plants growing in areas frequented by cattle.

However, there are some problems that could limit the success of growing tra-
ditional wild vegetables. Firstly, one of the limitations that can be found is the low 
seed germination rates or even seed dormancy that appears in some species (Benin-
casa et al. 2007; Casco 2000). This is not a general problem in wild vegetables since 
most of them are weeds. However, there are some cases in which it is an important 
problem, such as in Asparagus acutifolius, whose seeds have a strong dormancy 
and do not germinate easily. In this species, pre-germination treatments and a suit-
able technique for production of transplants have been proposed (Conversa and 
Elia 2009; Rosati and Falavigna 2000). Vegetative propagation could also be ap-
propriate for avoiding seed germination problems, besides maintaining favorable 
morphological features. This vegetative propagation can be carried out by means 
of stolons as in Silene vulgaris (Alarcón 2013), rhizomes as in Ruscus aculeatus 
and Smilax aspera, or tubers as in Tamus communis (D’Antuono and Lovato 2003). 
Since requirements of seeds and seedlings of many wild edible plants are still not 
well known, further research is needed.

Secondly, available information on cultural systems and techniques for commer-
cial production of traditional wild vegetables is also scarce (Benincasa et al. 2007; 
Casco 2000). More research is needed to know which are the most suitable cultural 
systems, field techniques, substrates, irrigation systems, and labor requirements for 
growing these species according to their yield potential and their agronomical char-
acteristics.

Thirdly, labor costs derived from cultivation of traditional wild edibles have 
been poorly assessed and deserve more attention. It should be taken into account 
that the cost of labor is today one of the main drivers of land use change in Europe 
since labor costs are sometimes higher than potential profits, and it has lead to the 
abandonment of agricultural lands in some territories (Rosati et al. 2009). In this 
way, some authors indicate that traditional wild vegetables could supply a special-
ized market in which high quality and product differentiation represent a competi-
tive strategy that allows for a higher price. For instance, the spears of Asparagus 
acutifolius collected from the wild are sold at US$ 9–32 kg−1 in Italy, depending 
on season and market (Benincasa et al. 2007). Bunches of wild asparagus of about 
250 g are sold at 5 € in some Spanish regions (Molina et al. 2012). According to 
Benincasa et al. (2007), it represents two to four times the price of the cultivated 
asparagus (A. officinalis). Agronomic trials conducted by these authors showed that 
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harvest efficiency of A. acutifolius was approximately of 1.2 kg of spears per h of 
labor, and it increases to 3 kg per h when the prickly evergreen vegetation is previ-
ously cut and removed. In the latter case, harvest would cost approximately one 
third of the gross income of the crop, suggesting that the crop could easily be eco-
nomically viable. Fernández and López (2005) estimated the labor costs, including 
hand weeding and harvesting costs, for Silene vulgaris as 18 € m−2, and concluded 
that a minimum sale price of 7.5 € kg−1 would make the crop profitable. According 
to these authors, the young leaves and stems of S. vulgaris collected from the wild 
are sold in Spanish local markets at 6–8 € kg−1. Apart from these and other limited 
examples, the economic viability of growing traditional wild edibles for the agricul-
tural market has been poorly addressed.

5.6  Concluding Remarks

Wild edible plants are a significant food resource that has been widely underes-
timated, despite their interest in promoting food security and rural development. 
Particularly, the gathering of wild vegetables and fruits is deeply rooted in the Medi-
terranean food traditions, and, as some authors have suggested, the consumption 
of wild edibles have probably contributed to the so-called health benefits of the 
Mediterranean diet (Trichopoulou and Vasilopoulou 2000).

Although information on natural yield rates of Mediterranean wild edible plants 
is scarce, the available data presented in this chapter suggest that some of the wild 
food plants traditionally eaten in the Mediterranean region are abundant and produc-
tive species that could contribute to enhance food diversity in contemporary diets. 
More research is needed to have a wider characterization of their natural production 
and abundance. Besides, the main factors that could determine local supplies should 
also be addressed. For instance, urban spreading, changes in land uses and manage-
ment practices, and deforestation could affect the local availability of these plants.

Apart from traditional harvesting for domestic consumption, some culturally im-
portant species could also be collected for commercial purposes, given the renewed 
interest for traditional food products. Although there are no available data on the 
quantities of wild food plants harvested in the Mediterranean region, results sug-
gest that the impact of harvesting might be relatively low, and they could possibly 
tolerate higher extraction rates. Sustainable levels of harvest should be established, 
taking into account the edible parts used and their production rates as well as the 
specific habitats where they naturally occur. Moreover, safety issues may be ad-
dressed to ensure food quality, such as contamination risks derived from car ex-
hausts or pesticide spraying.

Wild edible plants are a good reservoir of potential new crops too. Cultivation 
experiments could contribute to assess the agronomic potential of culturally appre-
ciated wild species, especially of those that may be more prone to overexploitation. 
It would help to ease pressure on natural stands, providing new options for employ-
ment and income generation. Particularly, cultivation under organic conditions of 
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wild vegetables might be an interesting alternative and a complementary economic 
resource for Mediterranean farmers. Since wild species are well adapted to local 
environments, they can ensure steady productions under adverse environmental 
conditions. Some of them are tolerant to drought and salinity, and they are con-
sidered promising vegetables for agriculture in marginal areas. Nowadays, health 
claims and product differentiation may represent successful commercial strategies 
for the cultivation of traditional wild edible plants (D’Antuono et al. 2009). Thus, 
domestication opportunities should also be considered, taking into account nutri-
tional characteristics, cultural traits, and consumer acceptance.
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Chapter 6
The Contribution of Wild Plants to Dietary 
Intakes of Micronutrients (I): Vitamins

María de Cortes Sánchez-Mata, María Cruz Matallana-González  
and Patricia Morales

6.1  Introduction

Among the wide variety of food components, micronutrients (vitamins and min-
erals) are needed only in small amounts, being essential for body functions. The 
importance of micronutrients for health status is known from ancient times, as de-
ficiency diseases such as scurvy or rachitism were frequent in populations with 
deficient intake of certain vitamins or minerals. Dietary recommendations were 
often based on observations such as those of James Lind, a surgeon in the British 
Navy during the eighteenth century who demonstrated that limes and oranges cured 
sailor scurvy. Forty years after the publication of his findings, all the ships in the 
British Navy were ordered to carry lime juice, and scurvy on board ships was virtu-
ally eradicated (Hughes 1975). During the nineteenth and twentieth centuries, many 
studies conducted on the knowledge of the essential functions of micronutrients led 
to the establishment of reference intakes, in order to avoid diseases related to defi-
ciencies or excess of vitamins or minerals.

The first tables of recommended intake of nutrients were published in 1938 in 
Canada (daily recommended nutrient intakes (DRNIs)) and, in the same year, in UK 
(Technical Commission on Nutrition of the League of Nations), with the purpose of 
preventing deficiency diseases of nutritional origin in a population suffering short-
ages during the two World Wars. In 1941, the Food and Nutrition Board (FNB) of 
the American Institute of Medicine of the National Academies (formerly National 
Academy of Sciences) established the so-called recommended dietary allowances 



M. C. Sánchez-Mata et al.112

(RDAs), published in 1943 (FNB 1943). In the 1950s, FAO/WHO started working 
on the evaluation of scientific evidences to provide recommendations on nutrient 
intake (FAO 1957). Since then, many revisions have been made, and many coun-
tries, institutions, and scientific societies have created expert groups to establish 
their own reference values and guidelines (Cuervo et al. 2009; FAO/WHO 2001; 
FNB 2000), taking into account the recent scientific advances, as well as the par-
ticular characteristics of each population.

However, the objective nowadays is not only the avoidance of deficiency dis-
eases but also the prevention of chronic and degenerative diseases related to in-
correct nutrition habits, focusing on achieving an equilibrated diet that covers the 
physiological and metabolic human needs for an optimal health status. Nowadays, 
nutritional recommendations have become quite variable, since they may consider 
gender, age, and physiological variability, as well as genetic factors, geographical 
implications (e.g., different sun exposure), and food habits. Throughout Europe, 
we can find reference values for individual countries such as Spain (Moreiras et al. 
2011), Italy (Società Italiana di Nutrizione Umana 1998), France (Martin 2001), 
Belgium (Conseil Supérieur de la Santé 2009), UK (Department of Health of UK 
1991), and Ireland (Nutrition Sub-committee of the Food Safety Authority of Ire-
land 1999). There are also reference values for groups of countries with sociocul-
tural similarities, such as German-speaking countries, including Germany, Austria, 
and Switzerland (Deutsche Gesellschaft für Ernährung et al. 2000), and Scandina-
vian countries (Becker et al. 2004).

Thus, recommendations may vary widely, and so in Europe, harmonizing and 
aligning the nutrition policy and public health strategies has become an important 
goal. The Scientific Committee on Food of the European Union is making efforts 
in this direction, and the European Commission funded the EURopean micronu-
trient RECommendations Aligned (EURRECA) Network of Excellence with the 
aim of producing Europe-wide scientific consensus on the evidence for developing 
micronutrient recommendations (EURRECA 2013; Doets et al. 2008; Cavelaars 
et al. 2010). In this context, equilibrium between the diversification (to take into ac-
count differences) and the harmonization (to avoid inconsistencies or error sources) 
should be reached.

In this complex scenery, and considering also the individual variability, each in-
stitution may use different terms or parameters to establish the needs of energy and 
nutrients for each population group. Sometimes, the recommendations are based on 
the amount of nutrient estimated to be suitable to cover the needs of 50 % healthy 
individuals (of a particular age and gender), but this would leave 50 % of the popu-
lation with inadequate intake. Other times, the reference values are those covering 
the needs of 97–98 % healthy individuals (of a particular age and gender), which 
could induce an excessive intake in a group. The former is often used for reference 
energy values and the latter is used for most nutrients. Often, an upper or maximum 
level should also be used in the case of nutrients that may cause disorder related to 
an excessive intake. For that reason, the clarification between the different terms 
and concepts used when referring to recommended intakes is necessary. Figure 6.1 
graphically shows a summary of these concepts and their equivalences in the differ-
ent recommendations.
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Food-based dietary guidelines (FBDG) have also been established in Europe to 
provide nutrient advice in a way consumers can understand, avoiding the use of 
numerical recommended intake of nutrients, but providing a practical way of inter-
preting these into dietary advice for individuals within a population. In 1996, FAO/
WHO published guidelines for the development of FBDG, describing their charac-
teristics as the expression of the principles of nutrition education, mostly as foods 
(instead of nutrients) intended for use by individual members of the general public; 
and if not expressed entirely as foods, written in a language that avoids, as far as 
possible, the technical terms of nutritional science (FAO/WHO 1996; WHO 2003).

The European International Life Sciences Institute (ILSI Europe) and the Eu-
ropean Food Safety Authority (EFSA) have organized several workshops focusing 
on FBDG. Nowadays, nearly all the European countries have developed FBDG. 
They are all based on the principle to provide guidance for a healthy balanced diet 
that will help prevent noncommunicable diseases such as heart diseases and cancer. 
Common recommendations include eating plenty of fruits, vegetables, and complex 
carbohydrates, and choosing foods which are low in saturated fat, salt, and sugar 
(European Food Information Council 2009; FAO/WHO 1996).

With the purpose of giving more complete information to consumers, in the last 
years, nutrition labeling for foodstuffs has included a lot of mentions regarding 
nutrients and bioactive compounds present in foods. Sometimes too much informa-
tion on food labels may be confusing for consumers who are not always familiar 
with the terminology. The EU is making great efforts in this regard to establish the 
reference labeling values (RLVs) based on population reference intake (PRI), rec-
ommended dietary allowance (RDA), and recommended nutrient intake (RNI) of 
several European countries (see Fig. 6.1), as well as US and FAO/WHO recommen-
dations. As a result, the Regulation (EU) No. 1169/2011 of the European Parliament 
and of the Council of 25 October 2011 on the provision of food information to con-
sumers has been published, recording several rules for nutrition labeling with the 
purpose of achieving a high level of health protection of consumers and guarantee-
ing their right to information about the food they consume. The Annex XIII of this 
last Regulation includes data about harmonized nutrient reference values (NRVs) 
for vitamins and minerals (adults), which should be used for the expression of the 
calculated percentages of the reference intakes covered by a portion of a given food 
product, as they should appear on its label.

With the purpose of examining how wild edible plants may contribute to the 
intake of micronutrients in the human diet, through the present and the next chapter, 
the reference values selected have been those equivalent to RDAs (average daily 
level of intake estimated to meet the requirements of 97–98 % healthy individuals 
to be sure of covering the needs of almost all of them). Intervals made of different 
accepted values of recommendations for adults have been considered as reference 
values, mainly population reference intake (PRI) given by the Scientific Committee 
on Foods of the European Union (1992) and recommended nutrient intake (RNI) 
from FAO/WHO (2001). Also, some of those Mediterranean countries that have 
published specific reference values, such as Spain (ingestas recomendadas (IR); 
from Moreiras et al. 2011), Italy (livelli raccomandati di assunzione (LRA); from 
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Società Italiana di Nutrizione Umana 1998), and France (apports nutritionnels con-
seillés (ANC), from Agence Française de Securité Sanitaire des Aliments; Martin 
2001), have been taken into account.

6.2  Vitamins: Classification and Dietary Requirements

The concept of “vitamin,” suggested in 1880 by Nikolai Lunin (1844–1920), and 
coined in 1911 by Casimir Funk (1884–1967), refers to a group of organic com-
pounds that are, in very small amounts, essential for the normal function of the 
human body, since most of them cannot be synthesized in the body tissues. They 
are involved in a wide variety of chemical and physiological functions, and are 
broadly distributed in natural food sources. Vitamin research reached a high degree 
of development during the first years of twentieth century, leading to the discovery 
of many chemical compounds. They possess a wide diversity of chemical structures 
and activities through different mechanisms, and have been named using capital 
letters. Different vitamers (structurally related compounds belonging to a particular 
vitamin display) often have similar qualitative biological properties to one another, 
but they can exhibit varying degrees of potency, due to the subtle differences in 
their chemical structures. Provitamins or vitamin precursors are naturally occurring 
substances which are not vitamins themselves but can be converted into vitamins by 
normal body metabolism (Ball 2006).

Classically, vitamins have been classified into two groups, depending on their 
solubility:

• Hydrophilic or hydrosoluble vitamins, including vitamin B group (B1, B2, B3, 
B5, B6, biotin, B9, and B12) and vitamin C. They are quite abundant in plant and 
animal tissues, vegetables being one of their main sources in the human diet.

• Lipophilic or liposoluble vitamins, including vitamins A, D, E, and K, which are 
distributed in nature associated to lipid fraction of plant or animal tissues. Many 
of these compounds can be found in low amounts in fat-poor foods, such as fruits 
and vegetables, acting as pigments inside chromoplasts, or as antioxidants in 
low amounts in plant tissues. In this way, fruits and vegetables may contribute to 
some lipophilic vitamins intake, such as provitamin A, vitamin E, or K.

As previously mentioned, these vitamins have been subject to the establishment of 
reference vitamin intake values for nutritional studies as well as for food labeling 
purposes in different countries or organisms (Table 6.1).
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6.3  Hydrosoluble Vitamins

6.3.1  B-Complex Vitamins

This group comprises different compounds functioning as coenzymes in many re-
actions of the human body, such as thiamin (vitamin B1), riboflavin (vitamin B2), 
niacin (vitamin B3), pantothenic acid (vitamin B5), pyridoxine (vitamin B6), biotin, 
and folic acid (vitamin B9). They may be involved in several deficiency diseases 
such as beriberi and pellagra, among others.

These wide variety of compounds are present in either plant or animal foods. For 
example, whole grains are generally a good source of these vitamins. Data about 
B-complex vitamins in wild plant foods are very scarce. Wetherilt (1992) reported 
some values of vitamins B1, B2, B3, and B6 in nettle leaves ( Urtica dioica L.), vita-
min B3 being the most abundant (620 μg/100 g), but vitamin B2 the most relevant if 
compared with recommended intake of these vitamins (100 g would provide about 
15–25 % of the daily requirements of riboflavin, according to different recommen-
dations). Data of the contents of some B-complex vitamins have also been reported 
by Souci et al. (2008) for the leaves of wild Eruca vesicaria (L.) Cav., as well as 
by Boudraa et al. (2010) for the fruits of Ziziphus lotus (L.) Lam. (see Chap. 13).

However, the most important contribution of wild edible foods to vitamin B-
complex in the human diet is due to their folic acid content.

6.3.1.1  Vitamin B9 (Folic Acid)

The denomination vitamin B9 comprises a wide group of water-soluble compounds 
belonging to the B-complex group and known as folic acid and its derivatives (fo-
lates). They were first isolated from spinach leaves (Latin term folium = leaf) by 
Herschel K. Mitchell (1913–2000) in 1941, after the suggestion of their vitamin ac-
tivity by Lucy Wills (1844–1920). Folic acid (5-methyltetrahydrofolic acid, 5-CH3-
H4folic acid) consists of a pteridine-derived ring, linked by a methylene bridge to 
a residue of p-amino benzoic acid, which is linked by an amide bond to a glutamic 
acid residue (Fig. 6.2).

As folates are synthesized only by microorganisms and plants, humans depend 
on a variety of dietary sources for its intake. Liver (around 240 μg/100 g), fresh 
green leafy vegetables (e.g., spinach, 140 μg/100 g; endive, 267 μg/100 g), some 
legumes (red beans, 394 μg/100 g), wheat germ, and yeast are considered as good 
sources of folic acid (Lucock 2000; Souci et al. 2008). In food, folates are naturally 
present as polyglutamates (PteGlun), mainly as mono-, penta-, and hexaglutamates 
(Scott 1994).

Natural folates cannot be directly absorbed by the intestinal mucosa (Fig. 6.3); 
therefore, they should be enzymatically hydrolyzed in the intestinal lumen, along 
with the reduction of the pteridine ring, and the methylation to 5-methyltetrahydro-
folate (5-CH3-THF) in the enterocyte. 5-CH3-THF is considered the only vitamer 
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with physiological activity, and it circulates in plasma in the free form (10 %) or 
bound to specific proteins (Cuskelly et al 1996; FAO/WHO 2001; Lucock 2000; 
Scott 1994).

Since folic acid is crucial in tissues formation during embryo development, low 
maternal folate levels are closely related to the development of neural tube for-
mation defects such as spina bifida and anencephaly (Steegers-Theunissen 1995; 
Wright et al. 2010). Low folate levels are also correlated with the hyperhomocys-
teinemia, which is considered as an independent risk factor for atherosclerotic and 
atherothrombotic damage (Shai et al 2004; Vanizor Kural 2003). Other functions of 
folates include preventive effects against different tumor types and some degenera-
tive diseases such as Alzheimer’s (Gerber 2001).

To avoid folic acid deficiency, a daily intake of 200 (Italian LRA and EU-PRI) 
to 400 μg (Spanish IR together with FNB-RDA, FAO/WHO-RNI), mainly during 

a

b

c

Fig. 6.2  Chemical structures of folic acid and natural folates. a Folic acid. b Dihydrofolic acid. c 
Tetrahydrofolic acid
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the preconceptional period, is recommended (Table 6.1). In all cases, additional 
100–200 μg/day should be ingested during pregnancy (especially in the first months 
to reduce the risk of neural tube formation defects) and lactation.

There are very few studies on folate content in wild vegetables. Some of them 
are conducted on African or Canadian plants (Kruger et al. 1998; Kuhnlein 1990), 
but data about folate content in Mediterranean wild vegetables are very scarce. 
Morales et al. (2015) reported very high folate levels in many wild Mediterranean 
vegetables, most of them over 100 µg/100 g of fresh edible product. To evaluate 
if the content of a given nutrient in a food product is enough to be considered as 
a source of that nutrient, Regulation 1169/2011 on the provision of food informa-
tion for consumers can be taken as a reference. A food product can be claimed as 
“source of a vitamin/mineral” if a 100-g portion contains 15 % or more of Nutrient 
Reference Values (NRVs) given by this Regulation for food labelling. It can also be 
considered as “high content of a vitamin/mineral” if a 100-g portion contains 30 % 
of NRV or more.

Considering the published values for folate content in Mediterranean wild veg-
etables, many of them could be considered as very good folate sources, providing 
more than 15 % or even 30 % of NRV recorded in European Regulation 1169/2011 
(30 and 60 μg/100 g, respectively). Special mention should be made of Rumex pul-
cher L., with average total folate content of around 500 μg/100 g, and also many 
other wild plants such as Beta maritima L., Anchusa azurea Mill., Foeniculum vul-
gare Mill., Silene vulgaris (Moench) Garcke, Cichorium intybus L., and Asparagus 
acutifolius L., which can provide the total amount of folate daily needed by eating 
a 100-g portion (Fig. 6.4).

As it happens to other vitamins some folates are lost during the cooking process, 
due to lixiviation in boiling liquid and thermal degradation. Studies on folate con-
tent in boiled wild plants are very scarce and show a reduction of about 30–80 % of 
total folate content in the boiled leaves of S. vulgaris and R. pulcher, and a lesser 

Fig. 6.3  Scheme of absorption and functions of folates absorption. (Based on Kim 1999; Mahan 
et al. 2012)

 



M. C. Sánchez-Mata et al.120

reduction (30–53 %) in wild Asparagus shoots. The higher loss of folate in leaves 
than in stems could be related to the different structures of the tissues of both plant 
organs; the former being thinner and softer could make the loss of nutrients easier. 
However, due to the high levels of folate found in these species, in spite of cooking 
losses, they may be good folate sources for the diet (150–200 µg/100 g).

6.3.2  Vitamin C

As shown in Fig. 6.5, two chemical species have been shown to provide vitamin 
C activity: L-ascorbic acid (AA) and the first product of its oxidation, L-dehydro-
ascorbic acid (DHA). Ascorbic acid is very quickly oxidized, especially at high tem-
peratures, alkaline medium, and in the presence of oxygen (Brubacher et al.1985).

Following Souci et al. (2008), fresh fruits, especially kiwi and citrus fruits (with 
values around 36–59 mg/100 g or more), and green vegetables, such as pepper 
(131 mg/100 g) and parsley (100 mg/100 g), constitute rich sources of vitamin C, 
mainly in the reduced form (AA), although many factors such as genetic, maturity, 
climate, and storage may affect the levels of this vitamin (Ball 2006).

Fig. 6.4  Selected wild vegetables standing out for their high vitamin B9 levels. (Data from 
Morales et al. 2015)
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Vitamin C is ingested in reduced (most of the dietary vitamin C) and oxidized 
forms, which are absorbed across the brush-border membrane, as it is schematically 
shown in Fig. 6.6. This vitamin circulates mainly as unbound ascorbic acid, avail-
able in blood and interstitial fluids. When oxidative stress is high, ascorbic acid may 
be oxidized to dehydroascorbic acid, which may be later recycled to ascorbic acid. 
Dehydroascorbic acid has a short half-life and is metabolized to excretory products 
(mainly oxalic acid).

The nutritional importance of vitamin C as an essential water-soluble vitamin 
has been well established. As shown in Fig. 6.6, ascorbic acid is a cofactor in nu-
merous physiological reactions (Bender 2003; Phillips et al. 2005). Vitamin C is a 
powerful antioxidant, and it is the first line of antioxidative defense in water-soluble 
compartments (Marchioli 1999). It also has synergistic effects in the regeneration 
of fat-soluble vitamin E, playing an important role in lipid peroxidation inhibition 
(Halliwell 2001; Traber 2007). Other functions of vitamin C include the inhibition 

Fig. 6.5  Chemical structures of ascorbic and dehydroascorbic acids

 

Fig. 6.6  Scheme of the intestinal absorption and functions of vitamin C. (Based on Malo and 
Wilson 2000; Paddayatty and Levine 2001)
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of the synthesis of mutagenic compounds such as nitrosamines in stomach and in-
testine (Correa 1992).

The deficiency of vitamin C results in scurvy, whose primary symptoms are 
hemorrhages in the gums, skin, bones, and joints, and the failure of wound healing. 
This disease is not frequent nowadays in occidental countries due to a better access 
of the population to fresh fruits and vegetables. However, nowadays it is known 
that vitamin C is involved in many other mechanisms of the human body, including 
antioxidant mechanisms of protection against oxidative stress which causes several 
chronic diseases of high prevalence in developed countries. Some vitamin C dietary 
recommendations have increased, being established nowadays from 45 mg/day 
(FAO/WHO-RNI and EU-PRI) to 120 mg/day (French ANC) for adults (Table 6.1).

Fresh fruits and vegetables are the best sources of vitamin C, and wild edible 
species are not an exception. Most studies measure total vitamin C contents, but 
others differentiate between AA and DHA contents, which add information about 
its antioxidant potential.

Considering the NRV recorded in the European Regulation 1169/2011, a food 
could be considered as a source of vitamin C if a 100-g portion contains at least 
12 mg of vitamin C per 100 g; and the mention “high content of vitamin C” could 
be possible over 24 mg/100 g. These levels could be achieved through many fruits 
and vegetables, either conventional or unusual. A great number of wild vegetables 
are valuable sources of vitamin C for the human diet, since most of them contain 
over 12 mg/100 g fresh matter. Although many Asteraceae species usually present 
low levels of vitamin C, around 5 mg/100 g or less, there are some exceptions, such 
as Sonchus asper (L.) Hill, whose leaves have been reported to contain more than 
50 mg/100 g of ascorbic acid (see Fig. 6.7).

On the contrary, many Cruciferae species, such as Sisymbrium officinale (L.) 
Scop., E. vesicaria (L.) Cav., Cardaria draba (L.) Desv., Diplotaxis tenuifolia (L.) 
DC., and Capsella bursa-pastoris (L.) Medik., stand out for their high vitamin C 
levels (50–150 mg/100 g average content), as well as the leaves of Alliaria petiolata 
(M. Bieb.) Cavara & Grande and Cakile maritima Scop. (often over 150 mg/100 g). 
Many cultivated members of this family are also very good sources of vitamin C. 
Other vegetables that stand out are Chenopodium album L. and especially U. dio-
ica leaves (200 mg/100 g or more). The intake of these very high levels of vitamin 
C sporadically in the diet would not present any toxicity effect since the excess of 
vitamin C would be easily eliminated from the body through urine. Among all the 
wild greens that could be considered as good sources of vitamin C (see Chap. 13), 
only a selection of the richest ones are presented in Fig. 6.7.

Many of these species may be consumed in either raw or cooked form. In the raw 
material, vitamin C would be preserved. However, as vitamin C is a very heat-labile 
compound, in cooked vegetables, some loss of vitamin C activity is expected to oc-
cur. Vitamin C losses in cultivated vegetables during heat process have been widely 
studied using different methods such as boiling, steam, and microwave. However, 
the data about the effect of thermal process on the nutritive value of wild vegetables 
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are not sufficient. In the study of Morales (2011), vitamin C was reduced to about 
40–50 % in the boiled leaves of S. vulgaris and R. pulcher, and to a higher extent 
in other plant tissues such as wild Asparagus shoots (14–75 %). Other studies on 
plants from different origins report values up to 95 % losses of vitamin C, which 
minimize in pressure cooking compared to conventional cooking (Somsub et al. 
2008; Yadav and Sehgal 1997). Vitamin C losses in these matrices should be attrib-
uted to either lixiviation in boiling liquid or thermal degradation, dehydroascorbic 
acid being often more unstable than ascorbic acid. Nevertheless, due to the signifi-
cant presence of ascorbic acid in these species, some of them are still good sources 
of vitamin C. For example, a 100-g portion of cooked shoots of A. acutifolius could 
provide more than 50 % of daily recommendations of vitamin C.

Like vegetables, many fruits can be considered as good sources of vitamin C 
(Fig. 6.8). The fruits of Arbutus unedo L. and Rosa canina L. may present aver-
age levels of around 100 mg/100 g or more. For this reason, these fruits could be 
very good alternatives to conventional fruits for their vitamin C contribution. The 
habitual fresh consumption of most fruits is an advantage to preserve all this nutri-
tional potential.

Fig. 6.7  Best vitamin C sources among Mediterranean wild vegetables. (Data from Aliotta and 
Pollio 1981; Franke and Kensbock 1981; Guil-Guerrero and Torija Isasa 1997; Guil-Guerrero 
et al. 1999; Kiliç and Coskun 2007; Morales 2011; Sánchez-Mata et al. 2012; Vardavas et al. 2006; 
Yildrim et al. 2001)
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6.4  Liposoluble Vitamins

6.4.1  Vitamin and Provitamin A

Vitamin A is a generic term that includes retinol as well as some of its esters and 
isomers. The international standard for vitamin A is all-trans-retinol, for which the 
international unit (IU) was defined as 0.3 μg of this form of retinol, as stated by 
FAO/WHO (2001). Retinol is only naturally present in animal tissues, but plants 
usually contain carotenoids in their chloroplasts, many of which have demonstrated 
provitamin A activity after in vivo conversion to retinol.

Since nineteenth century, when W. H. Wackenroder (1798–1854) isolated carot-
enoids for the first time from carrot roots (from which they took their name), around 
600 carotenoids and their isomers have been identified (Bauernfeind 1972). They 
are polienic isoprenoids, with long conjugated bonds leading to yellow to red colors, 
acting as natural pigments in many plant tissues. They are derived from the precur-
sor lycopene (a completely linear compound), by the way of circulation, isomeriza-
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Fig. 6.8  Selected wild fruits standing out for their high vitamin C levels. (Data from Alarcão-E-
Silva et al. 2001; Boudraa et al. 2010; Barros et al. 2010b, 2011; Doležal et al. 2001; Egea et al. 
2010; Jabłońska-Ryś et al. 2009; Morales et al. 2013; Pallauf et al. 2008; Pereira et al. 2013; Ruiz-
Rodríguez et al. 2011, 2014a, b)
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tion, oxidation, or a combination of these processes. Carotenoids are divided into 
two groups: carotenes (with only carbon and hydrogen atoms, including lycopene) 
and xanthophylls (with oxygen atoms). Some of the most important carotenoids are 
β-carotene, γ-carotene, α-carotene, β-cryptoxanthin, lutein, and lycopene (Fig. 6.9), 
exhibiting different functions in the human body.

As a storage organ, liver is a rich source of vitamin A in the form of retinol. 
Whole milk (12–40 μg retinol/100 g) and dairy products, such as butter or cheese, 
as well as eggs (800 μg retinol/100 g), are important dietary sources. Among veg-
etables, carrots and sweet potatoes (up to 93 mg β-carotene/100 g), as well as green 
leafy vegetables, such as spinach (3–8 mg β-carotene/100 g), are major contributors 
of provitamin A in the diet. Green leafy vegetables are usually rich in lutein, as well 
as some β-carotene, and other compounds such as neoxanthin and violaxanthin. 
In these foods, green chlorophylls often mask the color of carotenoids. Fruits also 
contain a great variety of carotenoids, responsible for their different colors, such 
as orange β-carotene in peaches, apricots, and some variety of melons, or rose-red 
colors due to lycopene in tomato, watermelon, and grapefruit (Ball 2006; Souci 
et al. 2008).

Vitamin A can be produced within the body from certain carotenoids such as 
α-carotene, β-carotene, and β-cryptoxanthin (Britton et al. 1995; Ibrahim et al. 
1991; Patton et al. 1990). Their vitamin A activity is measured as retinol equiva-
lents (RE), or more frequently nowadays as retinol activity equivalents (RAE); 1 μg 
RAE = 1 μg of retinol, equivalent to 12 μg β-carotene, or to 24 μg other provitamin 
A carotenoids, as α-carotene or β-cryptoxanthin (Mahan et al. 2012).

Figure 6.10 schematically presents vitamin and provitamin A absorption and 
their functions in the human body. Critical factors for efficient retinol solubilization 
are the presence of a lipid medium (presence of fatty acids, monoglycerides, cho-
lesterol, and phospholipids) and the secretion of bile salts and hydrolytic enzymes 
(Blomhoff 1991; Dew and Ong 1994; Erdman et al. 1993; Parker 1996,1997).

Fig. 6.9  Chemical structures of vitamin A (retinol) and carotenoids. a Retinol. b β-carotene. c 
Lutein. d β-cryptoxanthin. e Violaxanthin. f Neoxanthin
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As some carotenoids, such as lutein and zeaxanthin, are stored in the retina, act-
ing as powerful antioxidants for a normal eye functioning, their role in prevention 
of macular degeneration is being studied. Other carotenoids have shown a preven-
tive role against other chronic diseases such as prostate cancer and cardiovascular 
diseases (Cámara et al. 2013; Zeb and Mehmood 2004).

On the one hand, deficiency of vitamin A is a major cause of premature death in 
developing countries, particularly among children. In addition to the specific signs 
and symptoms of xerophthalmia and the risk of irreversible blindness, nonspecific 
symptoms include increased morbidity and mortality, poor reproductive health, in-
creased risk of anemia, and contributions to slowed growth and development (FAO/
WHO 2001). On the other hand, an excessive dietary intake of this vitamin may be 
related to chronic toxicity, including teratogenicity in developing fetuses. Normally, 
vitamin A toxicity results from the indiscriminate use of pharmaceutical supple-
ments, and not in usual diet.

The daily intake of vitamin A for adults should be in the range of 0.5–0.8 mg/
day for woman (> 18 years) and 0.6–1 mg/day for man, Spanish IR being one of the 
highest ones (Table 6.1). Vitamin A activity in a given food can only be calculated 
if the contents of provitamin A carotenoids are known. In this respect, not many 
studies on wild edible plants apply analytical techniques that allow analysis of in-
dividual carotenoids, and most of them report just total amount of carotenoids ex-
pressed as β-carotene, which reflects a global amount of these bioactive antioxidant 
compounds, but is not indicative of vitamin A activity. Some of these references 
indicate interesting total carotenoid contents of over 6 mg/100 g in some wild veg-
etables, such as some Chenopodium species among others (see Chap. 9, according 
to several authors (Aliotta and Pollio 1981; Guil-Guerrero 2001; Guil-Guerrero and 
Torija-Isasa 1997; Guil-Guerrero et al. 1998). However, in leafy vegetables, non-
provitamin A carotenoids, such as xanthophylls (lutein, neoxanthin, and violaxan-
thin), are usually the major carotenoids, and in many cases, they are even present 
in higher levels than β-carotene (García-Herrera 2014; Guil-Guerrero et al. 2003; 
Salvatore et al. 2005; Šircelj et al. 2010).

Fig. 6.10  Scheme of the intestinal absorption and functions of retinyl esters and carotenoids. 
(Based on Zeb and Mehmood 2004; Mahan et al. 2012; Salvatore et al. 2005; Maiani et al. 2009)
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From scientific literature data about individual contents of provitamin A in wild 
edible plants, the amount of vitamin A has been estimated, as RAE, and some spe-
cies have been selected for providing higher amounts of vitamin A activity among 
wild vegetables (Fig. 6.11) and wild fruits (Fig. 6.12).

Based on these data, and according to previously mentioned European Regula-
tion 1169/2011, some wild vegetables can be considered as sources of vitamin A 
activity (more than 0.12 mg RAE/100 g). Special mention should be made of U. 
dioica leaves, providing a very high contribution to daily recommended intake of 
vitamin A, as well as those of Rorippa nasturtium-aquaticum (L.) Hayek, C. inty-
bus L., and Borago officinalis L., reaching 30 % of daily recommended intake of 
vitamin A for adults. As previously indicated, C. album and Rumex acetosella L. 
are also probably rich sources of provitamin A, given their carotenoid contents, 
but available data of RAE of these species come from analysis of plants gathered 
in non-Mediterranean areas, such as India. As many of these species are eaten af-
ter thermal treatment, some losses after processing could be expected. Yadav and 
Sehgal (1997) reported losses up to 24 % (lower than for other nutrients, such as 
vitamin C) on different Indian vegetables after thermal process.

Many wild fruits are richer sources of provitamin A than wild vegetables. In 
Fig. 6.12, a few wild fruits that can be considered as good sources of vitamin A 
activity (according to European Regulation 1169/2011) are compiled. As can be 

Fig. 6.11  Selected wild vegetables standing out as better sources of vitamin A (as RAE calculated 
from individually quantified provitamin A carotenoids contents). (Data from Guil-Guerrero et al. 
2003; Kudritsata et al. 1987; Salvatore et al. 2005; Vardavas 2006; Wetherilt 1992)
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seen, rose hips stand out, since a 100-g portion could provide the whole amount of 
RAE (as β-carotene) daily needed in the human diet. For this reason, the consump-
tion of these fresh fruits would be an excellent strategy to improve the nutritional 
quality of the human diet.

6.4.2  Vitamin E

Vitamin E is the term used to designate a family of chemically related compounds, 
namely tocopherols and tocotrienols, with a chromanol head and an isoprene side 
chain (Fig. 6.13). They differ in both the number of methyl substituents and their 
positions on the phenolic ring (Burton and Traber 1990; Kamal-Eldin et al. 2000).

The most important food sources of vitamin E are fish, meat, eggs, dairy prod-
ucts, and some plant foods such as nuts, beans, and seeds, which are also rich in 
polyunsaturated lipids. Green leafy vegetables also provide significant amounts 
ranging between 0.1 and 4.8 mg/100 g, with parsley and cabbage as the richest 
sources (Souci et al. 2008).

Fig. 6.12  Some vitamin A sources among wild edible fruits (as RAE calculated from individually 
quantified provitamin A carotenoids contents). (Data from Boudraa et al. 2010; Doležal et al. 2001; 
Egea et al. 2010; Ruiz-Rodríguez 2014)
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Absorption of vitamin E in the intestine depends on adequate pancreatic func-
tion, biliary secretion, and micelle formation, and it is schematically represented 
in Fig. 6.14. Vitamin E is transported in the blood by the plasma lipoproteins and 
erythrocytes and enters the cells of peripheral tissues within the intact lipoprotein 
through the low-density lipoprotein (LDL) receptor pathway (Brigelius-Flohe and 
Traber 1999; Drevon 1991; Traber 2007).

The major form of vitamin E present in plant tissues is α-tocopherol. More-
over, it has been considered the most active form in humans due to the prefer-

Fig. 6.14  Scheme of the intestinal absorption and functions of vitamin E. (Based on Flórez 2003; 
Traber 2007)
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Fig. 6.13  Chemical structures of vitamin E compounds. a Tocol (basic structures of tocopherols). 
b Tocotrienol
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ential absorption and distribution of this compound in the human body (Caretto 
et al. 2009). Relative vitamin E activity of tocopherols and tocotrienols has been 
reported by FAO/WHO (2001). Compared to D-α-tocopherol (100 % vitamin E ac-
tivity), β-tocopherol would provide 50 % of vitamin E activity, γ-tocopherol, 10 %, 
δ-tocopherol, 3 %, D-α-tocotrienol, 30 %, and D-β-tocotrienol, 5 %.

Because of its role as a free radical scavenger, vitamin E is also believed to 
protect against degenerative processes, and other disease states involving oxida-
tive stress, being under intensive investigation nowadays (Burton and Traber 1990; 
Kamal-Eldin and Schwenke 2002)

A deficiency of vitamin E results in a variety of pathological conditions that 
affect the muscular, cardiovascular (atherosclerosis, ischemic heart disease), repro-
ductive, and central nervous systems (cerebella ataxia), as well as the liver, kidney, 
and red blood cells, and development of different types of cancers (Azzi 2004). 
To avoid these disorders, a daily intake between 7.5–10 mg/day (FAO/WHO) and 
12 mg/day (Spanish IR and French ANC) is advisable in the diet, although Trumbo 
et al. (2002) recommend 15 mg/day as RDA (Table 6.1).

Wild vegetables have been reported to present different tocopherols, α-tocopherol 
being often the major compound. As this compound is the most active like vitamin 
E, and taking into account the equivalences of tocopherols activity given by FAO/
WHO (2001), the potential vitamin E activity of several wild plants reported in 
scientific literature has been estimated, as shown in Fig. 6.15. Some wild leafy 
vegetables have shown enough vitamin E activity to be considered as its sources 
(according to European Regulation 1169/2011, more than 1.8 mg/100 g). Even if 
wide natural variability is often found, the richest ones are several species of wild 
shoots such as Asparagus acutifolius and Humulus lupulus L., as well as the young 
stems with leaves of Montia fontana L. or the basal leaves of dandelion. Besides the 
species shown in Fig. 6.15, the tender leaves of Malva sylvestris L. have also been 
reported to contain very high levels of tocopherols (83 mg/100 g on dry basis; in 
Barros et al. 2010a).

However, wild fruits may be much better sources of vitamin E than greens, prob-
ably due to the fact that they contain seeds, rich in lipids, which are usually eaten 
together with the fruit. The estimation of vitamin E activity from their tocopherols 
content (Fig. 6.16) shows average contents of α-tocopherol ranging between 2.8 
and 5.2 mg/100 g, with strawberry tree fruits being the richest ones. This means that 
100 g of these fruits could easily cover around 30 % of daily recommended intake 
of vitamin E.

6.4.3  Vitamin K

The discovery of vitamin K arose fortuitously in 1929 at the Biochemical Institute 
of the University of Copenhagen, and it was immediately associated with blood 
coagulation. In the following decade, the principal K vitamers, phylloquinone (K1), 
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synthesized by green vegetables (Fig. 6.17), and the menaquinones (K2), synthe-
sized by microorganisms, were isolated and fully characterized. Later, a synthetic 
isomer (menadione) was designed as vitamin K3 (Dam 1943; FAO/WHO 2001).

Phylloquinone is distributed ubiquitously throughout the diet, and the range of 
concentrations in different food categories is very wide. In general, the relative 
values in green leafy vegetables (400–700 μg/100 g) confirm the known associa-
tion of phylloquinone with photosynthetic tissues. Also, certain legumes and some 
vegetable oils, such as rapeseed and soybean oils (50–200 μg/100 g), contain phyl-
loquinone (Shearer et al. 1996; Souci et al. 2008).

After the absorption of vitamin K in the intestine (Fig. 6.18), it enters into sys-
temic circulation, chemically unchanged in association with chylomicrons, from 
which it is taken to the liver where the vitamin can be utilized for the synthesis of 
clotting factors (Dam 1943; Groenen-van Dooren et al. 1995; Lamon-Fava et al. 
1998; Shearer et al. 1974).

Vitamin K deficiency is very uncommon in humans, aside from a small percent-
age of infants who suffer from hemorrhagic disease of the newborn, a potentially 
fatal disorder. In adult humans, a prolonged blood clotting time is the predominant, 
if not sole, clinical sign of vitamin K deficiency. The deficiency is more likely to 
arise from secondary causes such as malabsorption syndromes or biliary obstruction 

Fig. 6.15  Some vitamin E sources among wild vegetables (vitamin E activity has been calculated 
taking into account the equivalences of tocopherols activity given by FAO/WHO 2001). (Data 
from Barros et al. 2010a; Dias et al. 2009; Martins et al. 2011; Morales et al. 2012, 2014; Vardavas 
et al. 2006; Zeghichi et al. 2005)
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than from a dietary inadequacy of vitamin K (FAO/WHO 2001). To avoid this, dif-
ferent organisms recommend a daily intake of 45–90 μg of vitamin K, while FNB 
advises a higher intake of 90–120 μg/day (Table 6.1). Mediterranean countries such 
as Spain and Italy, as well as the European Commission have not established a spe-
cific recommendation for this vitamin.

To the best of our knowledge, there is only one study on vitamin K levels in 
Mediterranean wild vegetables (Vardavas et al. 2006), showing that most of them 
can be considered as very good sources of this nutrient (according to European 
Regulation 1169/2011, providing more than 11.3 μg/100 g) and even more than 
three times the daily requirements for adults can be provided with a single portion 
of 100 g, as it can be seen in Fig. 6.19. No toxicity has been associated with this very 

Fig. 6.17  Chemical structure of phylloquinone (vitamin K1)
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Fig. 6.16  Some vitamin E sources among the edible fruits. (Data from Morales et al. 2013)
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high intake of phyllochinone (Mahan et al. 2012). Prasium majus L., Rumex obtu-
sifolius L., Daucus carota L., Petroselinum sativum Hoffm., Rorippa nasturtium-
aquaticum (L.) Hayek, Cichorium spinosum L., and Foeniculum vulgare are just a 
few examples of the wild species containing very high levels of vitamin K. These 
contents are in the range of some of the highest values found in many cultivated 
vegetables such as broccoli, cauliflower, and parsley (240–421 μg/100 g).

6.5  Conclusions

Even considering the natural variability, which is expected to occur in biological 
tissues, scientific literature presents sufficient evidence to consider many Mediter-
ranean wild edible plants as interesting vitamin sources. A portion of 100 g of them 
may provide, in many cases, the total amount of vitamins B9 (folates), C, and/or K 
daily needed by adults. In other cases, 30 % of daily recommendations of vitamin A 
and E could also be provided.

If some wild vegetables have to stand out, mention could be made of nettle (U. 
dioica) leaves as a source of vitamin C and provitamin A; F. vulgare and S. vulgaris, 
both as sources of vitamins B9 and K; C. intybus as a source of vitamins B9, K and 
provitamin A; A. acutifolius as a source of vitamins B9 and E; and many wild cruci-
fer vegetables as good sources of vitamin C.

Fig. 6.18  Scheme of the intestinal absorption and functions of vitamin K. (Based on Suttie 1985; 
Davie 1995) 
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Wild fruits are usually also good sources of vitamin C, and especially liposoluble 
vitamins, such as vitamins E and provitamin A, due to the frequent presence of 
seeds, carrying a lipid fraction. Strawberry tree (A. unedo) fruits are remarkable for 
being a source of vitamin E, and rose hips (R. canina) of vitamin A. Both species 
are also noticeable for their very high levels of vitamin C.

Although many vegetables are frequently eaten cooked, and some vitamins are 
highly heat labile, the cooked product may still retain a remarkable portion of the 
initial contents of vitamins. Fruits are often eaten fresh, so their contribution to 
vitamin intake in the diet is quite interesting to improve the nutritional status of the 
Mediterranean populations. Anyway, for fruits or vegetables, the consumption of 
fresh products, for example, salads, would be advisable, if possible, to retain the 
great nutritional potential of these wild edible plant foods, which have been tradi-
tionally a part of our diet and deserve a renewed interest in modern diets.
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Chapter 7
The Contribution of Wild Plants to Dietary 
Intakes of Micronutrients (II): Mineral 
Elements

Patricia García-Herrera and María de Cortes Sánchez-Mata

7.1  Introduction: Classification and Dietary 
Requirements of Minerals

Many different mineral elements are spread in biological tissues, as either soluble 
ions (cations or anions) or part of organic molecules, such as hemoglobin (Fe) and 
cobalamin (Co) in animal or human tissues or chlorophyll (Mg) in plant tissues. 
Many of them are well known for their physiological functions and requirements. 
From a nutritional point of view, mineral elements have been classified into the fol-
lowing groups:

• Macroelements, needed in amounts of about 100 mg/day or higher, such as po-
tassium, sodium, calcium, magnesium or phosphorus

• Microelements or oligoelements, needed in lower amounts but may be essential 
to maintain body functions, such as iron, zinc or manganese. Those needed in 
very low amounts are also called oligoelements or trace elements (e.g., selenium 
or chromium)

In general, minerals are involved in several functions such as the regulation of en-
zymes activities, the preservation of osmotic and acid–base equilibrium, membrane 
transport mechanisms, and muscular and neural transmissions. They may also have 
a structural role, being constituents of bones or other tissues (Mahan et al. 2012).

As previously explained (see Sect. 6.1), many national and international organ-
isms, institutions, and committees and scientific societies, such as Food and Agri-
cultural Organisation/World Health Organization (FAO/WHO), Food and Nutrition 
Board (FNB) of the American Institute of Medicine, Scientific Committee on Foods 
(SCF) of the European Union (EU), among others, have established nutritional 
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recommendations for daily intake of minerals (Cuervo et al. 2009). The European 
Parliament and Council (2011), through Regulation 1169/2011, have also estab-
lished nutrient reference values (NRVs) for food-labelling purposes. Some of the 
most accepted recommendations and reference values for mineral elements intake 
are recorded in Table 7.1.

International recommendations National recommendations
FAO/WHO, 
RNIa

EU, PRIb EU, NRVc Spain, IRd Italy, LRAe France, 
ANCf

USA, DRIg

K
Males 3100 2000 3500 3100
Females
P

Males 550 700 700 800–1000 750 700
Females 750–800
Ca
Males 1000–1300 700 800 800 800–1000 900–1200 1000–1200i

Females 800–1500h

Mg
Males 230–260 375 350 150–500 420 400–420
Females 190–220 300–330 360 310–320
Fe
Males 9–27j 9 14 10 10 9 8
Females 8–59j,k 20 10–18k 10–18k 9–16k 8–18k

Mn
Males 2 2.3i

Females 1.8i

Zn
Males 4.2–14 9.5 10 15 10 10–13 11
Females 3–9.8 7 7 0.9
Cu
Males 1.1 1 1.2 1.5–2
Females

a RNI Recommended nutrient intake (FAO/WHO 2002)
b PRI Population reference intake (SCF 1992)
c NRV Nutrient reference values, EU European Union Regulation 1169/2011
d IR Ingestas Recomendadas (Moreiras et al. 2011)
e LRA Livelli Raccomandati di Assunzione ( SINU Società Italiana di Nutrizione Umana 1998)
f ANC Apports Nutritionnels Conseillés (Martin 2001)
g DRI Dietary reference intakes (Recommended Dietary Allowances or Adequate Intakes), FNB 
Food and Nutrition Board (Trumbo et al. 2002)
h 1500 mg is advisable for females over 50 years old due to lack of estrogenic protection against 
osteoporosis
i Adequate intakes (no sufficient evidence to establish RDA)
j Depending on bioavailability
k Higher values are recommended for fertile age women; after menopause, requirements are simi-
lar for males and females

Table 7.1  Recommended intakes of mineral elements (mg/day) for adults, most widely accepted 
for Mediterranean countries
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7.2  Macroelements

7.2.1  Sodium

Sodium is an important element to maintain electrolyte equilibrium in an organism. 
Its absorption and main functions in the human body are summarized in Fig. 7.1. 
Sodium deficit causes hyponatremia, which is not frequent. However, an excessive 
intake of Na in the diet may lead to arterial hypertension, pulmonary edema, cardio-
vascular and renal damage as well as an increased urinary excretion of Ca, being a 
potential risk factor for osteoporosis (Badui 2006; Mahan et al. 2012; Sacks et al. 
2001). For that reason, nowadays, the limitation of the presence of Na in the diet is 
a key point in many public health programs promoted by WHO, FAO, or EU, which 
focus on the prevention of chronic diseases such as hypertension, cardiovascular 
disease, osteoporosis, and renal problems.

In this way, the recommendations of SCF, FNB, or UK Department of Health 
range a reference intake of 0.5–3.4 g Na/day. Nowadays, most countries’ food-based 
dietary guidelines advice on lower salt intake as it is the form in which Na is added 
to foods. WHO recommends 5 g salt per day as a maximum (equivalent to 2 g Na/
day), and the European Regulation 1169/2011 establishes a reference intake of 6 g 
salt per day (2.4 g Na/day) for food nutrition labelling purposes. Recent studies on 
the actual Na dietary intake of the European population found an intake of 8–11 g 
salt (3–5 g Na) per day, which is much higher than the recommendations. It should 
be taken into account that Na is naturally present in most natural or manufactured 
foods (10–15 % and 70–75 % of total Na intake, respectively), and so, the real Na 
intake will be always higher than that provided by salt. For that reason, besides the 
limitation in salt use, also the selection of preferably low-Na foods in the diet is 

Fig. 7.1  Scheme of the intestinal absorption and main functions of Na. (Data from Mahan et al. 
2012)
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necessary to keep Na intake at the minimum, and thus contribute to a better health 
status (European Food Safety Authority 2005, 2009).

In this context, foods from vegetal origin should be preferred, among other rea-
sons, for their relatively low Na content, compared with animal-origin foods. Fruits 
and vegetables are a very good choice for people who want to reduce Na intake, and 
wild plants provide foods quite recommendable from this point of view. Na seems 
to be preferably accumulated in stems or leaves, and thus, wild fruits have usually 
shown lower Na levels than wild vegetables (Figs. 7.2 and 7.3); the fruits of Rubus 
spp. stand out for their very low Na levels. A wide natural variability is found in Na 
levels in plants due to many factors; one of the most important is soil composition, 
which may influence to a high extent the amount of minerals in plant tissues (Sun 
et al. 2013). Some examples of Na content in plants growing on Na-rich soils are 
mentioned below.

Wild vegetables contain, in general, less than 100 mg Na/100 g, which is within 
the normal levels in most vegetables (either wild or cultivated, according to Souci 
et al. 2008), and represent 5 % of the daily maximum amount recommended by 
WHO. Most wild vegetables are below 120 mg/100 g, which is the maximum lev-
el established by the European Regulation 1924/2006 (European Parliament and 
Council 2006) to consider a food as “low Na content”, and even many of them are 
below 40 mg/100 g (“very low Na content”). Considering samples from a different 

Fig. 7.2  Selected wild fruits standing out for their low Na levels. (Data from Dolezal et al. 2001; 
Hacıseferoğulları et al. 2012; Marakoglu et al. 2005; Özcan and Hacıseferoğulları 2007; Ruiz-
Rodríguez et al. 2011; Saklani et al. 2012; Ruiz-Rodríguez 2014)
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origin, which include a wide natural variability, many wild edible fruits and greens 
can be considered as presenting very low Na contents such as for example the leaves 
of Taraxacum officinale (L.) Weber ex F.H.Wigg., some Urtica species and two 
members of Cruciferae family, Diplotaxis erucoides (L.) DC., and Eruca vesicaria 
(L.) Cav. (Figs. 7.2 and 7.3). Although quite variable, the wild shoots of Asparagus 
acutifolius L. as well as the leaves of Anchusa azurea Mill. can also be considered 
as poor-Na foods.

Moreover, attention should be paid to some species that have shown high levels 
of Na, which are unusual in plant foods. Figure 7.4 shows some wild greens con-
taining more than 180 mg Na/100 g. This is the case of many halophytes, such as 
Salicornia europaea L., Parietaria judaica L., Crithmum maritimum L., Cheno-
podium spp. and Cakile maritima Scop. Some of them reach up to 900 mg/100 g 
(Guil-Guerrero et al. 1996a, 1999a), being equivalent to more than 2.25 g of salt 
in the non-salted raw product, which means a contribution of up to 45 % of the 
maximum daily amount recommended by WHO. In a lesser extent, some Sonchus 
species have shown average levels of around 150 mg/100 g (see Chap. 13). People 
who must reduce Na in their diet should avoid these plants or boil them in a high 
water/plant proportion since this mineral is easily dissolved in the cooking liquid. 
For example, García-Herrera (2014) found losses of up to 50 % of the initial Na 

Fig. 7.3  Selected wild vegetables standing out for their low Na levels. (Data from Martínez-Para 
et al. 1979; Adamski and Bieganska 1980; Ayan et al. 2006; Barlas et al. 2011; Bianco et al. 1998; 
Bockholt and Schnittke 1996; García-Herrera 2014; Guil-Guerrero 2001; Krstic-Pavlovic and 
Dzamic 1985; Queralt et al. 2005; Trichopoulou et al. 2000; Villatoro-Pulido et al. 2012; Wetherilt 
1992; Zeghichi et al. 2005)
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content in some boiled wild leafy vegetables, and this can be corroborated in the 
composition data of some boiled wild vegetables recorded in Chap. 13.

7.2.2  Potassium

The main sources of potassium in the human diet are plant foods as well as milk and 
meat. Potassium is widespread in nature, being present in many foods. It is easily 
absorbed, acting in different functions in the human body (Fig. 7.5). Its deficiency 
is rare; however, diets poor in fruits and vegetables are related to inadequate potas-
sium intake, which could result in muscle weakness and atrial fibrillation (Mahan 
et al. 2012). The most widely accepted potassium requirements for adults are in the 
range of 3100–3500 mg/day (Table 7.1).

From previously published scientific data, most wild edible plants usually contain 
more than 300 mg K/100 g (minimum level to be considered as K sources according 
to Regulation 1169/2011), and many of them range into 500–1000 mg/100 g as an 
average (see Chap. 13), which are habitual values for vegetables (up to 500 mg/100 g 
in stems or bulbs and up to 1000 mg/100 g in leaves, according to Souci et al. 2008). 
Some wild greens can be stood out for containing unusually high potassium levels, 

Fig. 7.4  Selected wild vegetables containing more than 150 mg Na/100 g. (Data from Bianco 
et al. 1998; García-Herrera et al. 2014; Guil-Guerrero and Torija-Isasa 1997; Guil-Guerrero et al. 
1996a, 1998b, 1999a, b; Romojaro et al. 2013)
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such as Beta maritima L., Chondrilla juncea, Camelina rumelica Velen., Scolymus 
hispanicus L., and Chenopodium album L., reaching contents of 1 g/100 g or more 
(Fig. 7.6), which means that with a 100-g portion, an adult could get around one 
third of the daily amount of potassium needed according to different recommenda-
tions mentioned above. Other vegetables, such as Bellis perennis L. or Bunias eru-
cago L., have also been reported to contain high K amounts by Ranfa et al. (2014). 
Wild fruits may reach also high values in some cases (Fig. 7.7); however, they usu-
ally contain less K than vegetables, with average values up to 800 mg/100 g, stand-
ing out are rose hips as well as Elaeagnus angustifolia L. and Crataegus monogyna 
Jacq. fruits, among others.

Given the role of K in the human body and the relationships with other elements, 
foods with high K/Na ratio should be advisable. All the abovementioned species, 
among others, such as the leaves of Anchusa azurea, Taraxacum Taraxacum offici-
nale, Chondrilla juncea as well as wild shoots of Asparagus acutifolius and Tamus 
communis L. present a high K/Na ratio, above 8; special mention should be made 
for the leaves of Chenopodium album, with a K/Na ratio of 100 or more, due to its 
extremely low Na levels (Bianco et al. 1998; García-Herrera 2014; Guil-Guerrero 
and Torija-Isasa 1997; Yildirim et al. 2001). On the other hand, the leaves of Son-
chus species show a low K/Na ratio, below 3.8; this parameter has been related to 
saline tolerance in some plants (Asch et al. 2000; Guil-Guerrero et al. 1998b).

As it has been previously mentioned, many wild plants are consumed after cook-
ing; during this process, losses of minerals may take place by lixiviation to the 
cooking liquid. According to García-Herrera (2014), boiled Silene vulgaris (Mo-
ench) Garcke young stems with leaves and Rumex pulcher L. leaves still retain 
levels over 200 mg K/100 g.

Fig. 7.5  Scheme of the intestinal absorption and main functions of K. (Data from Mahan et al. 
2012)
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7.2.3  Phosphorus

Phosphorus is present in foods in organic molecules, from which it should be hy-
drolyzed. The ratios of Ca/P must be close to unity to achieve good calcium and 
phosphorous intestinal absorption. This mineral is involved in a great number of 
functions in the human body, including formation of DNA, RNA, and membrane 
phospholipids; regulation process of intracellular fluids; and being part of hydroxi-
apatite, the main inorganic molecule of bones and teeth. (Belitz and Grosh 1997; 
Mahan et al. 2012).

Nutritional requirement of P for healthy adults is in the range of 550–1000 mg/
day (Table 7.1). P deficiency is very infrequent in occidental countries because it is 
widely distributed in meat, fish, eggs, milk and dairy products as well as nuts and 
grains in levels up to 480 mg/100 g (Souci et al. 2008).

Leafy vegetables, either wild or cultivated, do not stand out by their P dietary 
contribution, being around 20–70 mg/100 g fresh product, which hardly reaches 
13 % of dietary recommendations, and thus, vegetables cannot be considered as 
good P sources (see Chap. 13). However, among wild greens traditionally eaten in 
Mediterranean areas, Malva sylvestris L., Urtica dioica L., and Alliaria petiolata 
(M.Bieb.) Cavara & Grande show remarkable levels compared to other species, up 

Fig. 7.6  Selected wild vegetables standing out as K sources. (Data from Bianco et al. 1998; Guil-
Guerrero and Torija-Isasa 1997; García-Herrera 2014; García-Herrera et al. 2014; Guil-Guerrero 
et al. 1999a, b; Özcan et al. 2008; Ranfa et al. 2014; Romojaro et al. 2013; Trichopoulou et al. 
2000; Yildirim et al. 2001; Zeghichi et al. 2005)
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to 177 mg/100 g (Guil-Guerrero et al. 1999a, b; Krstic-Pavlovic and Dzamic 1985; 
Wilman and Riley 1993).

7.2.4  Calcium

The most abundant element in human body is calcium, accounting for up to 2 % of 
the body weight (almost half of the total mineral content in the human body), with 
99 % of calcium distributed in bones (Badui 2006). Figure 7.8 briefly illustrates Ca 
absorption and main functions in the human body.

According to FNB (2010), humans may absorb about 10–60 % of dietary cal-
cium, but this varies depending on many factors, such as:

• Amount consumed: The efficiency of absorption decreases as calcium intake in-
creases

• Age and life stage: Calcium absorption is as high as 60 % in infants and young 
children, who need substantial amounts of the mineral to build bone; absorption 
decreases to 15–20 % in adulthood (though it is increased during pregnancy, after 
menopause, or other circumstances of increased requirements) and continues to 
decrease as people age

Fig. 7.7  Selected wild fruits standing out as K sources. (Data from Boudraa et al. 2010; Dolezal 
et al. 2001; Hacıseferoğulları et al. 2012; Özcan and Hacıseferoğulları 2007; Marakoglu et al. 
2005; Ruiz-Rodríguez et al. 2011; Ruiz-Rodríguez 2014; Souci et al. 2008)
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• Vitamin D intake: as 1,25-dihydroxycholecalciferol stimulates the production of 
a calcium-binding protein and intestinal alkaline phosphatase

• Other components in food:
− Lactose (hydrolyzed or non-hydrolyzed) or some related galactooligosaccha-

rides in the gut may also have an enhancer effect on calcium absorption (Gib-
son and Robertfroid 2008; Kwak et al. 2012)

− Calcium absorption may be limited by formation of complexes with phytates 
or oxalates, which is the main limitation for the bioavailability of Ca from 
plant-origin food. Oxalates in plants can be classified into insoluble (mostly 
calcium-bound) and water-soluble (potassium-bound, sodium-bound, or free) 
oxalates. Soluble oxalates are assumed to have a negative impact on mineral 
absorption due to the ability to bind free minerals in the small intestine, thus 
reducing their absorption (Weaver and Heaney 1991). Wide variability has 
been found in the proportions of soluble and insoluble oxalates in leafy veg-
etables (Judprasong et al. 2006)

Higher calcium intake should be achieved during the development of bone mass 
in the earlier stages of life. A deficiency in calcium intake in infants may induce 
a form of rachitism; in the elderly, it leads to the development of osteoporosis and 
tetany in skeletal muscles. A low calcium intake has been also suggested to be a risk 
factor in chronic diseases such as colon cancer or hypertension. Adequate intake of 
dietary calcium is associated with decreased prevalence of overweight and obesity. 
However, intakes higher than 2 g/day may cause hypercalcemia, leading to exces-
sive calcification of soft tissues, including kidney calculus. The excessive calcium 
intake may induce constipation and also interfere with the absorption of other diva-
lent cations such as iron, zinc and manganese (Mahan et al. 2012; Schrager 2005).

Fig. 7.8  Scheme of the intestinal absorption and main functions of Ca. (Data from Mahan et al. 
2012)
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For those reasons, the recommended calcium intake for adults and children over 
9 years old is around 700–1000 mg/day, depending on the source, while infants 
and younger children require 210–800 mg/day and aged women may need up to 
1500 mg/day due to the lack of estrogen protection against osteoporosis (Table 7.1). 
These levels take into account factors affecting calcium bioavailability, such as in-
dividual conditions, as well as the form present in the food, and the presence of 
components enhancing or decreasing its absorption. Leafy vegetables are one of the 
main sources of oxalates in the diet, and daily dietary oxalate intake in industrial-
ized countries varies depending vegetable consumption, usually ranging between 
70 and 2000 mg/day (Bohn 2008).

Besides the reduction of the availability of dietary Ca, oxalic acid can also form 
kidney calculus. The minimal lethal dose of oxalic acid for adults has been estab-
lished at 5 g, which is a level very difficult to reach in the diet. However, particu-
larly for the case of some plant foods, which may have high levels of oxalic acid, 
some authors have established that a ratio of oxalic acid/Ca below 2.5 should be de-
sirable to avoid impairing dietary calcium absorption (Guil-Guerrero et al. 1996b).

In this way, wild edible plant foods have been found to be often good sources 
of calcium, from a point of view of the high levels that many wild leafy vegetables 
contain, even higher than many foods widely accepted as good calcium sources, such 
as dairy products. According to a variety of scientific literature data and Regulation 
1169/2011, many wild leafy vegetables can be considered as calcium sources (pro-
viding more than 15 % of NRV in 100 g, which means > 120 mg/100 g) as can be seen 
in Chap. 13. Conventional cultivated vegetables usually present up to 130 mg/100 g 
(stems and bulbs) or 400 mg/100 g of calcium (leaves), according to Souci et al. 
(2008). Some wild vegetables may even reach 800 mg of calcium per 100 g of fresh 
vegetable, as the leaves of some species of Parietaria or nettle, although, in this case, 
a wide variability has been found. This means that a 100-g portion of these vegeta-
bles may reach 50–100 % of daily Ca recommendations. Figure 7.9 shows a selection 
of the richest calcium sources among wild vegetables, according to literature data.

Although many wild leafy vegetables may be considered as calcium sources, at-
tending to their calcium contents, it has to be taken into account that many of them 
may present high oxalic acid levels. Generally, oxalic acid may reduce calcium 
absorption by about one sixth, so foods with a ratio of oxalic acid/Ca lower than 2.5 
are preferably for human diet (Concon 1988; Derache 1990; Mahan et al. 2012).

There are not always analytical data available about both Ca and oxalic acid 
content in edible wild species. From all the selected species that can be considered 
as Ca sources (> 120 mg Ca/100 g, according to European Regulation 1169/2011), 
the ratio of oxalic acid/Ca has been calculated when data are available, and those 
species with a suitable ratio below 2.5 have been represented in Fig. 7.10.

Table 7.2 classifies different wild leafy vegetables exceeding the data on calcium 
contribution in relation to their oxalic acid/Ca ratio. The edible parts of some spe-
cies, such as Foeniculum vulgare, Malva sylvestris, Capsella bursa-pastoris (L.) 
Medik, Eruca vesicaria, or some Plantago species, stand out because of their high 
amount of calcium (35–50 % of daily reference values in a 100-g portion), as well 
as low oxalic acid/Ca ratio; this would mean a potential better absorption of calcium 
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than from other plant sources (Morales 2011; García-Herrera 2014; Guil-Guerrero 
et al. 1996b, 1998b; 1999a, b). These species would be a good choice for people 
with low calcium intake in their diet, for example, those with restriction of dairy 
products, or children and women with increased calcium needs.

Other wild edible plants, though representing a lower contribution to dietary cal-
cium, may also have interest. However, apart from impairing calcium absorption ef-
fect  and the wide environmental variability often found in oxalic acid levels within 
the same species, care should be taken with species with high oxalic acid levels 
due to the risk of formation of renal calculus. According to literature, wild greens 
such as Portulaca oleracea L., Sonchus oleraceus (L.) L., Beta maritima, Stellaria 
media (L.) Vill., Apium nodiflorum (L.) Lag., Borago officinalis L., Silene vulgaris, 
Papaver rhoeas L., some Rumex species, Salicornia europaea L., Scolymus hispani-
cus L., or Amaranthus viridis L. (with 400 mg/100 g of oxalic acid as an average, 
or more), or especially Silybum marianum (L.) Gaertn., Chenopodium album or C. 
murale L. leaves (with 1 g/100 g or more of oxalic acid as an average) should be 
avoided by people with the tendency to form renal calculus, even if some of them 
may be sources of calcium (Morales 2011; Guil-Guerrero and Torija-Isasa 1997; 
Guil-Guerrero et al. 1996b, 1998a). Attention should be paid to dandelion leaves 

Fig. 7.9  Selected wild vegetables standing out as Ca sources. (Data from Adamski and Bieganska 
1980; Alfawaz 2006; Ayan et al. 2006; Barlas et al. 2011; Bianco et al. 1998; Krstic-Pavlovic and 
Dzamic 1985; García-Herrera 2014; García-Herrera et al. 2014; Guil-Guerrero and Torija-Isasa 
1997; Guil-Guerrero et al. 1998b, 1999a, b; Martínez-Para et al. 1979; Özcan et al. 2008; Ranfa 
et al. 2014; Romojaro et al. 2013; Trichopoulou et al. 2000; Villatoro-Pulido et al. 2012; Wetherilt 
1992; Yildirim et al. 2001; Zeghichi et al. 2005)

 

P. García-Herrera and M. C. Sánchez-Mata



1537 The Contribution of Wild Plants to Dietary Intakes of Micronutrients (II)

Fig. 7.10  Profile of oxalic acid/Ca ratio of some wild species that could be considered as Ca 
sources. (Data from: Ayan et al. 2006; Barlas et al. 2011; Bianco et al. 1998; García-Herrera 2014; 
García-Herrera et al. 2014; Guil et al., 1997; Guil-Guerrero et al. 1996a, 1998a, b; Queralt et al. 
2005; Morales et al. 2014; Pereira et al. 2013; Romojaro et al. 2013; Ranfa et al. 2014; Sánchez-
Mata et al. 2012; Trichopoulou et al. 2000; Villatoro-Pulido et al. 2012; Zeghichi et al. 2005)

 

Table 7.2  Selected leafy vegetables for their Ca content (higher % nutrient reference value) and 
oxalate-dependent availability of Ca (oxalic acid/Ca ratio), according to literature. In bold, the 
potentially best calcium contributors

Oxalic acid/Ca ratio
% Ca NRV < 1 1–2.5 > 2.5
> 35 % NRV 
(> 280 mg Ca/100 g)

Foeniculum vulgare,  
Malva sylvestris,  
Capsella bursa-pastoris, 
Eruca vesicaria,  
Plantago lanceolata,  
Plantago media

Borago officinalis Chenopodium album

> 15 % NRV 
(> 120 mg Ca/100 g)

Chenopodium opulifolium, 
Sonchus tenerrimus,  
Sonchus asper,  
Chondrilla juncea,  
Cichorium intybus,  
Scolymus hispanicus,  
Crithmum maritimum

Sisymbrium irio, 
Anchusa azurea, 
Silene vulgaris, 
Papaver rhoeas

Stellaria media, 
Apium nodiflorum, 
Silybum marianum
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since some vegetables as Taraxacum obovatum (Willd.) DC. have shown very low 
oxalic acid content (below 40 mg/100 g), while T. officinale sect. Ruderalia has been 
found to contain up to 1 g/100 g of oxalates (Dias et al. 2014; Morales et al. 2014; 
Sánchez-Mata et al. 2012), so as identification of species is not always easy, dande-
lion leaves should not be recommended when oxalates are to be avoided in the diet.

These oxalates-rich plants, if consumed, should be cooked thoroughly, which 
would induce some dissolution of soluble oxalates into the cooking liquid as it has 
been studied in leafy vegetables (Yadav and Sehgal 2003). There are very few stud-
ies on Ca and oxalic acid losses in boiled wild vegetables (García-Herrera 2014; 
Morales 2011), showing high retention of Ca (90 % retention or more) and some 
losses of oxalic acid (30–40 % losses) in some vegetables after boiling ( Silene vul-
garis young stems with leaves, and Rumex pulcher leaves). Calcium retention in 
wild vegetables is higher than other minerals, probably related to some binding to 
other components in the food that make extraction into the cooking liquid difficult 
(García-Herrera 2014).

On the contrary, Plantago media, Crithmum maritimum, or Cichorium intybus 
leaves have shown low oxalates levels (less than 60 mg/100 g), and so, they would 
be the best choice for people with renal alterations (Guil et al. 1997; Guil-Guerrero 
2001; Guil-Guerrero et al. 1996a, b, 1998a; Morales 2011). According to Morales 
(2011), many wild young shoots such as Asparagus acutifolius and Humulus lupu-
lus L. as well as Allium ampeloprasum L. bulbs could also be also advisable (less 
than 200 mg/100 g, average, being less in the boiled product).

Regarding wild fruits, not many of them could be considered as good Ca sources 
except for the fruits of Celtis australis L., with very high calcium levels as reported 
by Boudraa et al. (2010). Other species, such as Ziziphus lotus (L.) Lam., Rosa 
canina L., and Elaeagnus angustifolia, and hawthorn fruits, could also be stood 
out for their calcium contents (Fig. 7.11). It should also be taken into account that 
oxalic acid levels are usually low in fruits (57–98 mg/100 g). The scarce data about 
oxalic acid/Ca ratio in wild fruits show values below 2 (Morales et al. 2013; Ruiz-
Rodríguez 2014), so Ca, although less abundant, would be expected to be better 
absorbed from these wild fruits than from some vegetables.

7.2.5  Magnesium

Magnesium is the second most abundant intracellular cation in the human body, 
60 % being found in bones, 26 % in muscles and other soft tissues and body fluids 
(Mahan et al. 2012).

Magnesium absorption and human functions are summarized in Fig. 7.12. Al-
though Mg deficiency is rare, high magnesium depletion would lead to a delay in 
bone growth in young patients and osteoporosis in the elderly; a severe deficiency of 
Mg may cause tremors, spasms, neurologic changes, anorexia, nausea and vomiting 
as well as sodium retention. On the contrary, too high intake of magnesium are asso-
ciated with higher bone density but also with central nervous system depression and 
even paralysis, especially in patients with renal insufficiency (Mahan et al. 2012).
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Fig. 7.11  Selected wild fruits standing out as Ca sources. (Data from Boudraa et al. 2010; Dolezal 
et al. 2001; Hacıseferoğulları et al. 2012; Özcan and Hacıseferoğulları 2007; Ruiz-Rodríguez et al. 
2011; Ruiz-Rodríguez 2014)

 

Fig. 7.12  Scheme of the intestinal absorption and main functions of Mg. (Data from Bohn 2008; 
Brink et al. 1992; Mahan et al. 2012)
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Fig. 7.13  Selected wild vegetables standing out as Mg sources. (Data from Adamski and Biegan-
ska 1980; Bianco et al. 1998; Bockholt and Schnittke 1996; Krstic-Pavlovic and Dzamic 1985; 
García-Herrera 2014; García-Herrera et al. 2014; Gjorgieva et al. 2011; Guil-Guerrero and Torija-
Isasa 1997; Guil-Guerrero et al. 1998b, a; Hiçsönmez et al. 2009; Martínez-Para et al. 1979; Özcan 
et al. 2008; Wetherilt 1992; Wilman and Riley 1993; Ranfa et al. 2014; Romojaro et al. 2013; 
Trichopoulou et al. 2000; Yildirim et al. 2001; Zeghichi et al. 2005)

 

Milk is a moderate source of magnesium, but the main sources of this mineral 
are whole grains, nuts, legumes, and dark green vegetables because it is an es-
sential constituent of chlorophyll. Magnesium requirements are quite variable. As 
shown in Table 7.1, FAO/WHO recommends 190–220 mg/day for females and 
230–260 mg/day for males. Recommendations of EU as well as those of the Medi-
terranean countries are higher (300–360 mg/day for females and 350–420 mg/day 
for males). Regulation 1169/2011 established an intermediate reference value for 
nutrition-labelling purposes of 375 mg/day.

Leafy vegetables, due to the presence of chlorophyll, could be regarded as mod-
erate contributors to cover Mg requirements in the diet. The richest magnesium 
sources among wild vegetables are represented in Fig. 7.13, according to compiled 
literature data. The leaves of different Chenopodium species are remarkable from 
this point of view (providing more than 300 mg/100 g, reaching almost the whole 
Mg daily recommendations), as well as the edible parts of Sanguisorba minor 
Scop., Bunias erucago, and Parietaria judaica L., which often reach half of the 
daily magnesium recommendations.
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Some of these species are consumed after boiling and a part of magnesium con-
tents will be lost in the cooking liquid, up to 60 % in Silene vulgaris young stems 
with leaves and Rumex pulcher leaves, while up to 40 % in tender shoots (García-
Herrera 2014). As in the case of other nutrients, the thinner and softer structure of 
leaves may influence higher mineral extraction than in grosser and harder plant 
tissues, as was found by this author.

Apart from these species, very variable magnesium levels have been found by 
different authors in the leaves of Malva sylvestris, Portulaca oleracea, and Urtica 
dioica, which may obey to environmental factors of the analyzed samples. Thus, 
these species could not always, but in many cases, be considered as good magne-
sium sources for the diet. Furthermore, considering the low oxalic acid/(Ca + Mg) 
ratio of Malva sylvestris obtained from average contents found for this species 
(0.3), a more efficient absorption of both minerals should be expected. As a result, it 
could be concluded that these wild edible plants, with more than 120 mg Mg/100 g 
on average, may be a good alternative to other conventional vegetables in the diet, 
which usually present oxalic acid/(Ca + Mg) ratios of 3 or more (Souci et al. 2008).

With respect to wild fruits, only some examples as Celtis australis or Zizyphus 
lotus fruits could be considered as Mg sources, as can be seen in Fig. 7.14.

Fig. 7.14  Selected wild fruits standing out as Mg sources. (Data from Abdeddaim et al. 2014; 
Boudraa et al. 2010; Dolezal et al. 2001; Ruiz-Rodríguez 2014)
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Fig. 7.15  Scheme of the intestinal absorption and main functions of Fe. (Data from Mahan et al. 
2012)

 

7.3  Microelements

7.3.1  Iron

In the body, iron is found in metaloproteins, such as hemoglobin or myoglobin, be-
ing transported and stored into the structure of transferrin, ferritin, and hemosiderin. 
In this way, in food it is present in two forms, with two different mechanisms of 
absorption (Fig. 7.15): heme Fe in animal tissues and non-heme Fe (inorganic) in 
plant tissues, such as legumes and vegetables. The former is more easily absorbed 
(bioavailability of 20–30 %), while only 2–10 % of inorganic Fe is absorbed (Both-
well et al. 1989).

Iron loss through menstrual hemorrhage is estimated on about 1.5–2.4 mg per 
day in fertile age women (compared to 1 mg per day in males). Most reference 
values recommended as daily Fe intake are about 8–10 mg/day for men and elderly 
women and about 16–20 mg/day for women below 50–55 years old (Table 7.1). 
High iron losses or low iron intakes cause anemia in infants below 2 years old, 
adolescent girls, or pregnant women, some of the main groups of risk. On the con-
trary, diseases associated with iron excess, hemosiderosis and hemochromatosis are 
usually associated with a gene acting as a promoter of excessive iron absorption 
(Mahan et al. 2012).

The main Fe sources in the human diet are meat and other animal products, 
which provide more bioavailable iron than plants. However, some plant foods may 
moderately contribute to human iron intake. Legumes are a good example, provid-
ing approximately 4–7 mg/100 g to the diet, even taking into account the presence 
of potential inhibitors of iron absorption such as tannins or phytates. Leafy veg-
etables, such as spinach, may contribute 2–4 mg/100 g (Souci et al. 2008).

Many wild vegetables can also be considered as iron sources to the human diet, 
according to Regulation 1169/2011 (> 2.1 mg in 100 g of product as eaten). Some 
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wild greens could be regarded as interesting iron contributors to the human diet, 
for example Tragopogon sinuatus Avé-Lall. or Cichorium pumilum Jacq., with 
more than 150 mg/100 g on dry basis, according to Zeghichi et al. (2005) and Ayan 
et al. (2006). Other authors have reported interesting values for iron content in wild 
vegetables, the most relevant recorded in Fig. 7.16. Taking into account both the nat-
ural variability in iron contents and the differences in the recommendations given by 
different organizations, we could conclude that 100 g of some wild leafy vegetables 
such as dandelion leaves could provide more than 2–3 mg of Fe (about 15 % of the 
most generally accepted recommended daily intake of iron in Europe for females and 
30 % of the recommendation for males; see Table 7.1 and Fig. 7.16). Many other spe-
cies, such as Cakile maritima Scop., Rumex vesicarius L., Portulaca oleracea, Ver-
bena officinalis L., Sonchus tenerrimus L., Sisymbrium irio L., or Picris echioides L. 
leaves, have shown higher iron values, around 4 mg/100 g. Conventional vegetables, 
including those traditionally considered as Fe sources (for example, spinach) are usu-
ally within this range, with some exceptions such as parsley, which may provide up 
to 6 mg/100 g of Fe (Souci et al. 2008). In relation to this, Polygonum bistorta L. or 
Amaranthus viridis edible parts can stand out as some of the best iron sources known 
among the wild vegetables traditionally eaten in the Mediterranean area, reaching 
values close to 6 mg per 100 g of fresh leaves (which represents about 30 % of daily 
recommended intake of iron for females and 60 % of the recommendation for males); 

Fig. 7.16  Selected wild vegetables standing out as Fe sources. (Data from Adamski and Bieganska 
1980; Alfawaz 2006; Krstic-Pavlovic and Dzamic 1985; Guil-Guerrero et al. 1998a, b, 1999b; 
Martínez-Para et al. 1979; Wetherilt 1992; Yildirim et al. 2001)
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also, Beta vulgaris and Urtica dioica leaves have presented average values within 
5–6 mg/100 g, although wide variability has been found in these species, reaching in 
some cases 100 % of the reference values for males in a 100-g portion.

It should be taken into account that these values refer to fresh samples of wild 
edible plant; if cooked, these species could be subject to some losses due to dissolu-
tion of Fe into the cooking liquid. In some studies done on different wild edible spe-
cies, the losses of Fe in the boiled plant are in most cases slight (up to 12 %). This 
high retention of iron in plant tissues may be attributable to some retention to plant 
components that could impair the extraction into the cooking liquid (García-Herrera 
2014). As for other nutrients, the loss of iron due to cooking process can be avoided 
with the consumption of cooking liquids (for example as soups) or eating the raw 
plants in salads when possible.

Fruits, either from cultivated or wild origin, do not usually contain high levels 
of Fe, with some exceptions, for example, the wild fruits of Elaeagnus angustifolia, 
and sometimes, Crataegus monogyna fruits are in the range of the iron sources 
among wild vegetables (Fig. 7.17).

All the abovementioned species could be a good alternative to increase the iron 
presence in the human daily diet, and especially in cases of ferropenic anemia, 
which may be often subclinical, especially in women. Although iron is less bio-
available in these foods, compared to animal iron sources, the  animal-origin foods 

Fig. 7.17  Selected wild fruits for their high Fe levels. (Data from Abdeddaim et al. 2014; Bou-
draa et al. 2010; Dolezal et al. 2001; Hacıseferoğulları et al. 2012; Marakoglu et al. 2005; Ruiz-
Rodríguez 2014)
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have the disadvantage of being usually rich in saturated lipids, and for that reason, 
the inclusion of these wild plants in the diet should be encouraged as contributors to 
prevent or help iron deficiency treatment.

7.3.2  Copper

Copper is a trace element located in blood, liver, brain, heart, and kidneys, as well 
as muscular tissues, acting as a cofactor of different enzymes in the human body. 
The absorption of Cu is produced in the short intestine by facilitated diffusion, and 
the exit is by active transport to the bloodstream where it is bound to ceruloplasmin. 
Fiber, phytates, zinc, and ascorbic acid can decrease copper absorption. Excretion 
is by urine, sweat, and menstrual blood. Copper deficiency is rare, and symptoms 
can be attributed to enzyme deficiencies, being mainly anemia, neutropenia, and 
skeletal abnormalities, particularly demineralization; also, some hair or skin altera-
tions may appear, as well as neurologic changes. Copper toxicity due to ingestion of 
food is considered almost impossible, but an excessive supplementation may lead to 
liver cirrhosis and alterations in the formation of erythrocytes (Mahan et al. 2012).

The generally accepted recommendations of copper can vary between 0.9–2 mg/
day, although the most commons values are 1–1.5 (Table 7.1). The main sources 
are meat, seafood, nuts, and seeds (Fennema 2000). Among wild vegetables, only 
a few species could be considered as a copper source for the human diet, accord-
ing to Regulation 1169/2011 (content of 0.15 mg/100 g or more), as is recorded 
in Fig. 7.18. For example, wild shoots of Asparagus acutifolius, as well as leaves 
of some Chenopodium and Sonchus species, Verbena officinalis L., Salicornia 
europaea, or Portulaca oleracea could be regarded as copper sources for the diet, 
despite their natural variability. Other species, such as Urtica dioica, Chondrilla 
juncea, or Papaver rhoeas (not represented in Fig. 7.18), present average contents 
over 0.4 mg/100 g, sometimes reaching one third of daily Cu recommendations, 
but as a wide variability was found, it is not possible to assure that they are always 
natural sources of this nutrient.

As some species are consumed after boiling, copper levels could be reduced in 
a range that may vary between up to 20 % in Rumex pulcher and Silene vulgaris 
leaves and up to 63 % in wild asparagus shoots, according to García-Herrera (2014).

Wild fruits may also be copper sources for the diet, providing interesting values 
often over 0.15 mg/100 g, as for example, Myrtus communis L., Rubus ulmifolius 
Schott, Pyracantha coccinea M. Roem., and Crataegus monogyna fruits (Fig. 7.19).

7.3.3  Manganese

Manganese is an essential nutrient acting as a cofactor of enzymes, such as pyru-
vate carboxylase and mitochondrial superoxide dismutase (Fig. 7.20). Manganese 
deficiency is extremely rare, being first described in 1972, with symptoms such as 
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weight loss, gastrointestinal disorders as well as skin and hair alterations. An excess 
of manganese may be accumulated in the liver and central nervous system, produc-
ing Parkinson-type symptoms (Mahan et al. 2012).

The reference values for manganese intake range between 1.8 and 2.3 mg/day 
for adults (Table 7.1). These amounts may be achieved through the intake of whole 
grains, nuts, tea, fruits, and vegetables as the main sources of this mineral in the diet 
(Fennema 2000). According to Regulation 1169/2011, many wild vegetables could 
be good manganese sources (providing more than 0.3 mg/100 g), the most impor-
tant are shown in Fig. 7.21. Despite natural variability, very wide in the case of Ur-
tica dioica, many wild vegetables, such as Chenopodium spp., Chondrilla juncea, 
and Montia fontana L., among others, may reach or surpass 1 mg/100 g (50 % of 
daily recommended intakes of Mn), values rarely found in conventional cultivated 
vegetables (Souci et al. 2008). Furthermore, manganese is one of the microelements 
showing the highest retention in vegetables after boiling, being higher than 65 % in 
wild asparagus shoots and above 91 % in Rumex pulcher leaves and Silene vulgaris 
young stems with leaves (García-Herrera 2014). For that, they can be considered 
as a very good source of this mineral, not only in raw form but also after boiling.

Fig. 7.18  Selected wild vegetables standing out as Cu sources. (Data from Adamski and Bie-
ganska 1980; Alfawaz 2006; García-Herrera et al. 2014; Guil-Guerrero 2001; Guil-Guerrero and 
Torija-Isasa 1997; Guil-Guerrero et al. 1998a, b; 1999a; Hiçsönmez et al. 2009; Krstic-Pavlovic 
and Dzamic 1985; Martínez-Para et al. 1979; Wetherilt 1992; García-Herrera 2014; Zeghichi et al. 
2005)
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Fig. 7.19  Selected wild fruits standing out as Cu sources. (Data from Boudraa et al. 2010; Dolezal 
et al. 2001; Hacıseferoğulları et al. 2012; Ruiz-Rodríguez 2014)

 

Fig. 7.20  Scheme of the intestinal absorption and main functions of Mn. (Data from Gropper et al. 
2008; Mahan et al. 2012)
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Also, different fruits species could be considered as Mn sources, such as Ziziphus 
lotus, Rubus ulmifolius, or Celtis australis, providing often more than 1 mg/100 g 
(Fig. 7.22) and, in some cases, reaching even 2 mg/100 g in R. ulmifolius fruits 
(Ruiz-Rodriguez 2014), which means a contribution of the whole amount of man-
ganese needed daily in every 100-g portion of these fruits.

7.3.4  Zinc

The second in abundance among trace elements, after iron, is zinc. Widely distribut-
ed in the human body, with high concentrations in the pancreas, liver, kidney, bones, 
and muscle, it serves several important functions in the human body (Fig. 7.23).

Most institutions recommend a reference intake of 7–9.5 mg Zn/day (Table 7.1). 
The main sources are meat, fish, and cereals. However, phytates in whole grains can 
limit zinc absorption in some populations, causing slow growth problems in young 
people, anemia, hypogeusia, loss of appetite, healing problems, skin and hair altera-
tions, and immune defects. By contrast, excess of zinc (intake of 100–300 mg/day) 
interferes with the absorption of copper; however, zinc intoxication usually takes 
place by mechanisms different from ingestion, such as inhalation or parenterally 
(Badui 2006; Mahan et al. 2012).

Fig. 7.21  Selected wild vegetables standing out as Mn sources. (Data from Ayan et al. 2006; Gar-
cía-Herrera et al. 2014; Guil-Guerrero 2001; Guil-Guerrero and Torija-Isasa 1997; Guil-Guerrero 
et al 1996a, 1998a, b, 1999a, b; Yildirim et al. 2001; Tardío et al. 2011)
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Wild edible plants are not generally recognized as good Zn sources, exhibiting 
Zn levels usually below 1 mg/100 g, which are also the levels usually found in con-
ventional vegetables (Souci et al. 2008); traditionally eaten wild fruits are often be-
low 0.6 mg Zn/100 g (Ruiz-Rodríguez 2014). However, there are some wild plants 

Fig. 7.22  Selected wild fruits standing out as Mn sources. (Data from Abdeddaim et al. 2014; 
Boudraa et al. 2010; Dolezal et al. 2001; Ruiz-Rodríguez 2014)

 

Fig. 7.23  Scheme of the intestinal absorption and main functions of Zn. (Data from Mahan et al. 
2012)
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that must be stood out because of their higher Zn contents, such as Myrtus commu-
nis fruits (Hacıseferoğulları et al. 2012) and several greens such as Chenopodium 
opulifolium Schrad. ex W.D.J.Koch & Ziz or Salicornia europaea, among others 
(Fig. 7.24). Ayan et al. (2006) have also reported values higher than 50 mg/100 g on 
dry basis in edible parts of Geranium lucidum L. and Stellaria holostea L.

Retention of zinc in boiled wild vegetables may be in the range of 40–68 % as 
has been found by García-Herrera (2014) in leaves of Rumex pulcher and young 
stems with leaves of Silene vulgaris, as well as in wild asparagus shoots.

7.4  Conclusions

From the studies available in scientific literature, many wild greens and fruits are 
valuable contributors to dietary macro and microelements intakes. They may pro-
vide Ca, Mg, Fe, and Mn amounts that in some cases may reach 50 % of the daily 
requirements recommended by different institutions and K and Cu levels reaching 
30 % of the recommendations. In general, wild vegetables may contribute to these 
requirements to a higher extent than fruits, Among fruits, Crataegus monogyna usu-

Fig. 7.24  Selected wild vegetables standing out as Zn sources. (Data compiled from Guil-Guer-
rero and Torija-Isasa 1997; García-Herrera 2014; García-Herrera et al. 2014; Guil-Guerrero et al. 
1999a; Hiçsönmez et al. 2009; Poschenrieder et al. 2012; Romojaro et al. 2013; Trichopoulou et al. 
2000; Yildirim et al. 2001; Zeghichi et al. 2005)
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ally provides a source of K, Ca, Mg, and Cu; rose hips are usually rich in K, Ca, Mg, 
and Mn; Celtis australis and Ziziphus lotus could be stood out as sources of Mg, and 
together with some Rubus species, also as sources of Mn.

All biological tissues are subject to variability in their composition due to genetic 
and environmental factors. This phenomenon is especially important in mineral lev-
els in plants since these levels are often highly dependent on soil characteristics. In 
some cases, the absence of a wide variability for a given species may obey the fact 
that just one sample was analyzed, and there are no enough data to reflect this vari-
ability. Therefore, sampling is a key point to assure the reliability of the results in 
nutrient analysis studies.

However, despite this natural variability, some features may be common factors 
in wild green composition as mineral contributors to human diet. For example, the 
leaves of some Chenopodium species often provide relevant K, Mg, Cu, Mn, and Zn 
amounts. Chondrilla juncea leaves are usually rich in K, Fe, Cu, and Mn. Portulaca 
oleracea stands out for its Mg, Fe and Cu levels, and the leaves of some Urtica spe-
cies may be often Mg and Fe sources.

In the case of calcium contribution, other factors such as the presence of oxalates 
in leafy vegetables, lowering gut availability of this mineral, should be also taken 
into account. In this way, Foeniculum vulgare, Malva sylvestris, Capsella bursa-
pastoris, Eruca vesicaria, Plantago lanceolata, or Plantago media, among others, 
could be considered as valuable Ca contributors, with better potential availability 
than other plants, due to their relation to oxalic acid levels. Also, in terms of avoid-
ing potential harmful effects of oxalate due to renal calculus formation, Plantago 
media, Crithmum maritimum, or Cichorium intybus leaves are good alternatives for 
people who have to limit oxalate intake in their diet.

Most of them are also foods with very low Na amounts, with some exceptions, 
mainly those species that usually grow on saline soils. Therefore, wild plant foods 
should be regarded as good sources of many minerals in the human diet, and their 
consumption should be encouraged not only with the purpose of preserving tradi-
tional food habits as a valuable cultural heritage but also as a useful tool to improve 
the nutritional quality of current human diet.
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8.1  Sources and Role of Fatty Acids in Nutrition

The health benefits of omega-3 ( n-3) and omega-6 ( n-6) polyunsaturated fatty acids 
(PUFAs) are well established, as recent studies show (Wall et al. 2010; Asif 2011). 
Traditionally, two PUFAs have been considered as essential FAs (EFAs): linoleic 
acid (LA, 18:2n-6), which is the major PUFA component in our present diet, and 
α-linolenic acid (ALA, 18:3n-3), whose intake has declined in the modern societies 
(Das 2006; Kris-Etherton et al. 2000).

A basic overview of the pathways of FA biosynthesis is shown in Fig. 8.1. The 
enzymes for it are packaged together in a complex called FA synthase. The product 
of the enzyme is palmitic acid (16:0), and modifications of this primary FA lead to 
other longer or shorter FA, as well as to unsaturated ones. As shown, the FA mol-
ecule is synthesized 2 carbons at a time. For further step-wise 2-carbon extensions, 
acetyl CoA is first activated to malonyl CoA, a 3-carbon compound, by the addition 
of a CO2 molecule.

From the two Δ6-desaturated FAs, LA and ALA, the body synthesizes n-3 and 
n-6 longer chain unsaturated homologues. However, in higher plants, γ-linolenic 
acid (GLA, 18:3n-6) and stearidonic acid (SDA, 18:4n-3) are the final compounds 
of the metabolic pathway (Fig. 8.1), although the route for successive elongation/de-
saturation continues in most algae and other cryptogams, to reach eicosapentaenoic 
(EPA, 20:5n-3) and docosahexaenoic (DHA, 22:6n-3) acids as n-3 metabolites, and 
dihomo-γ-linolenic (DHGLA, 20:3n-6) and arachidonic (AA, 20:4n-6) acids as n-6 
(Guil-Guerrero 2007). The first step for both n-3 and n-6 pathways in which ALA is 
desaturated to SDA and LA to GLA by the enzyme Δ6-desaturase (Fig. 8.1) is rate-
limiting in humans; therefore, both Δ6-desaturated PUFAs could be used to alleviate 
several deficiency-related diseases (Guil-Guerrero 2007; Horrobin 1992; Whelan 
2009). In this regard, it has been observed that an adequate intake of FAs is crucial to 
maintain a good health status. Today, there is clear evidence that human beings had 
in the past a diet correctly balanced in relation to the n-6/n-3 FAs ratio, which was 
approximately 1, whereas in the present Western diets it ranges between 15/1 and 
16.7/1 (Simopoulos 2002). Dietary intakes of ALA among Western adults are typi-
cally in the range of 0.5–2 g/d (Burdge and Calder 2006; Calder 2012), while LA is 
the main PUFA in most Western diets, which is typically consumed in 5- to 20-fold 
greater amounts than ALA (Burdge and Calder 2006; Calder 2012).

Current literature shows that a high ratio n-6/n-3 FA causes a progressive impair-
ment of health. Furthermore, improving this ratio is essential for proper brain func-
tion and also to prevent cardiovascular diseases, arthritis, cancer, and inflammatory 
and autoimmune diseases (Simopoulos 2008).

However, commonly consumed oils are ineffective for the improvement of this 
ratio, taking into account that they usually contain LA as the more prominent FA. 
Thus, alternative oils based in an adequate content in the Δ6-desaturated FAs, GLA, 
and SDA, such as blackcurrant oil (Ribes nigrum), are now available to consum-
ers (Guil-Guerrero 2007). In addition, some wild plants become cultivated, for 
example, Paterson’s curse (Echium plantagineum), from which a seed oil rich in 
Δ6-desaturated PUFAs—GLA, SDA, and ALA—is obtained (Berti et al. 2007; 
Guil-Guerrero 2007).
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Fig. 8.1  Basic overview of the pathways for FA biosynthesis. Only the major steps are indicated 
for clarity; for detailed pathways, see Bates and Browse (2012) and Guil-Guerrero (2007). FA 
precursors are biosynthesized de novo in the chloroplast. Saturated FA synthesis proceeds 2 carbon 
units per cycle usually 8 or 9 times producing 16 or 18 carbon products. The relative abundance 
of each C18 PUFA in the tissues of higher plants is a consequence of the higher or lesser activity 
of the desaturase enzymes present in each given species, which is genetically regulated. Acyl-lipid 
desaturases introduce double bonds into FAs bonded to the glycerol moiety of polar glycerolipids, 
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Edible wild plants could help improve the above exposed ratio. According to 
each consumed organ, they provide different FAs. Leaves, shoots, and fruits con-
stitute a rich source of ALA, while seeds typically contain LA and ALA as main 
FAs, although there are some exceptions. In any case, Mediterranean edible wild 
plants constitute a wide reservoir of new foods that can be consumed as vegetables, 
fruits, and spices. The following sections provide information about different or-
gans (leaves, seeds, and fruits) of selected species of Mediterranean edible wild 
plants, which constitutes valuable sources of FAs.

8.2  Wild Green Leafy Vegetables as Source of Omega-3 FAs

The knowledge about the FA composition of Mediterranean edible wild plants start-
ed a few years ago, when Simopoulos (1986) promoted studies on the FA composi-
tion of purslane (Portulaca oleracea), an edible wild plant whose leaves and stems 
are usually consumed in Mediterranean countries. These studies were followed by 
others, such as the works of Guil et al. (1996), Guil-Guerrero and Rodríguez-García 
(1999), Pereira et al. (2011), and Morales et al. (2012).

A selection of Mediterranean wild species used as leafy vegetables arranged ac-
cording to different botanical families is given in Table 8.1. Note that the pattern 
of FA composition denotes a similar trend in all exposed species, in which palmitic 
acid (PA) and stearic acid (SA) are the main saturated FAs, while OA is the pre-
dominant monounsaturated FA (MUFA), and LA and ALA are the common PUFAs. 
Their relative abundance is as follow: ALA > LA = PA > OA > SA, with some excep-
tions. However, there is no clear relationship between the amounts of each FA and 
the botanical family to which each species belongs. Therefore, the content of ALA 

and they are widely distributed in plants. The desaturation of stearic acid yields oleic acid ( OA, 
18:1n-9), a step that is catalyzed by a Δ9 acyl desaturase in the stroma of plastids. The OA produced 
is transported to the thylakoid membrane for further desaturation in the lipid-bound form. This 
enzyme can desaturate both C16 and C18 FAs with the same efficiency (Los and Murata 1998). 
Then, two desaturase enzymes work sequentially to produce, first, linoleic acid ( LA; Δ12 desatu-
rase) and then α-linolenic acid ( ALA; Δ15 desaturase). The greater or lesser degree of activity of 
these enzymes, which is characteristic of each taxonomic group, is responsible for the relative 
concentrations of the two PUFAs in the organs of each botanical species. However, few plants 
have Δ6 desaturase activity; among these are species of Boraginaceae, Saxifragaceae, Onagraceae, 
and some others. These can produce in their metabolic pathways, depending on the different affini-
ties of their enzymes toward the substrates LA or ALA, γ-linolenic acid (GLA) and/or stearidonic 
acid (SDA), respectively (Guil-Guerrero 2007). From the two last PUFAs stopped the metabolic 
pathways in higher plants, that is, lacking of the necessary elongase enzymes to obtain C20–22 
PUFA, thus existing eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and arachidonic 
acid (AA) in mosses and ferns as most evolved taxa. However, some species of gymnosperms 
barely evolved possess this capability, as is the case of Agathis robusta, an Australian Araucaria-
ceae, which shows AA and EPA (Wolff et al. 1999). For higher plants, the ability to survive at low 
temperatures is correlated with the presence of PUFAs, which justifies that a great percentage of 
the leafy FAs are always PUFAs. Although the presence of elongase enzymes that could lead to 
C20 PUFAs or more appears to be restricted to higher plants, it is a recurring theme of biotechnol-
ogy, and it has been obtained from transgenic soybean and other species displaying this capability 
(Alonso and Maroto 2000)
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seems to be more related to the degree of maturity of the harvested leafs or to cli-
mate parameters instead of taxonomic groups. Furthermore, the predominance of 
ALA over all FAs is necessary because ALA plays an important role in coordinating 
ion channel activities in cell membranes of plants (Gutla et al. 2012).

Considering that the amounts of ALA in green leafy vegetables are about double 
or triple those of LA, their intake is favorable for the improvement of the previously 
discussed n-6/n-3 ratio. Note that the amount of total FAs on dry matter in all spe-
cies is quite low, and, although there exist some exceptions, a figure of 3 g/100 g 
could be considered as the more common value. By considering that the majority 
of the species have ALA at about 50 % of total FAs, a typical species stores ap-
proximately 1.5 g/100 g ALA on dry matter; and taken into account that moisture 
generally reaches about 90 % in leaves, the amount of ALA on fresh weight would 
achieve ~ 150 mg/100 g. Therefore, to obtain a quarter of the recommended daily 
intake of ~ 2 g ALA per day (European Food Safety Authority 2009), a consumption 
of about ~ 300 g of Mediterranean wild edible greens per day providing ~ 500 mg 
ALA, if bioavailable, seems to be necessary. However, such consumption is clearly 
excessive for most people in Western countries.

To the general scheme on FA occurrence in Mediterranean wild greens, it should 
be added that there are some other FAs found in variable quantities, which are char-
acteristic of each botanical family, for example, in Boraginaceae species (such as 
Borago officinalis), GLA normally appears (Guil-Guerrero 2007); thus, regarding 
the general scheme of FA biosynthesis (Fig. 8.1), the occurrence of this FA and/
or SDA in any future analyzed Boraginaceae species is expected. Erucic acid (EA, 
22:1n-9), a toxic FA, is sometimes reported in Cruciferae, for example, in Alliaria 
petiolata (Guil et al. 1997), and is also found in smaller amounts in some Caryo-
pllyllaceae species, such as in Silene vulgaris (Alarcón et al. 2006). This FA, to-
gether with eicosenoic (20:1n-9) and nervonic (24:1n-9) acids, has been cited as 
responsible for congestive heart failure; so their presence in the diet has been as-
sociated with cardiotoxicity in humans (Imamura et al. 2013). In any case, the low 
fat content of the leaves makes it unlikely that the occasional consumption of A. 
petiolata (31 % EA of total FAs) would cause heart problems. However, it seems 
reasonable to avoid regular consumption of leaves or seeds of this species.

8.3  Seeds from Mediterranean Wild Edible Plants: 
An Inexpensive Source of Some PUFAs

The seeds fatty acid composition of some of the main Mediterranean wild edible 
plants are presented in Table 8.2. Unlike wild green species, a reduced number of 
FA profiles of seeds from wild edible plants are reported. These agree, in general, 
with other profiles already known for their cultivated relatives. Few species may 
be considered as a source of n-3 FAs, which belong to Brassicaceae and Urticaceae 
families. With respect to the remaining botanical families, Anacardiaceae species 
constitutes a source of OA, taking into account the high percentage of oil content in 
their seeds. Poaceae species (Avena fatua) shows also a high percentage of OA on 
total FAs; however, the low amount of FAs on total seed reported makes it impos-
sible to consider this species as a source of n-9 FAs. Boraginaceae is a botanical 
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family in which their seeds are widely exploited as a source of healthy oil, as occurs 
with Borago officinalis, a species consumed as vegetable, although its seeds are 
sporadically consumed. In this plant, the activity of the Δ6-desaturate enzyme leads 
to a GLA-enriched seed oil (Fig. 8.1). The high n-6/n-3 ratio of this plant should not 
be considered as disadvantageous by considering that GLA has multiple medicinal 
applications (Guil-Guerrero 2007), due to which this oil was being marketed several 
years ago.

The remaining reported families, that is, Amaranthaceae, Chenopodiaceae, 
Compositae, and Pinaeae, mainly contain LA, as well as variable amounts of ALA.

Considering both ALA percentage and seed oil content in species shown in 
Table 8.2, it is clear that some of them could contribute effectively to fulfill the 
daily needs of n-3 FAs; that is, the recommended daily intake of ~ 2 g ALA per day 
(European Food Safety Authority 2009) could be achieved by ingesting ~ 60 g of 
Cardaria draba seeds or ~ 200 g of Urtica dioica seeds, both amounts being reason-
ably affordable to consume in a regular diet in Western countries.

Overall, special caution should be observed regarding the consumption of Bras-
sicaceae seeds, considering that they could contain potentially toxic FAs, as is the 
case of Diplotaxis tenuifolia and Eruca sativa seeds (Table 8.2), which contain high 
percentages of EA. Notwithstanding, some cruciferous wild species are reported as 
lacking of toxic FAs; however, sometimes not all FAs are correctly informed about 
their nature, so extreme caution regarding the consumption of seeds of this family 
is needed.

8.4  Fruits of Mediterranean Wild Edible Plants: A 
Balanced Contribution Between MFA and PUFA

There are very few species of Mediterranean edible wild plants acting as fruit pro-
viders being found only in the wild (Table 8.3). For example, strawberry tree is a 
wild species, but in certain areas it is farmed for fruit; therefore, it is difficult to 
categorize this as wild or not because its cultivation scarcely interferes with the 
natural biological cycle.

Among the reported families, Rosaceae has the largest number of species. The 
FAs of the three species here shown are closely similar, with a good balance among 
n-9, n-6, and n-3 FAs. Myrtaceae (Myrtus communis) is characterized by a high per-
centage of n-9 FAs, while Ziziphus jujuba (Rhamnaceae) shows medium-chain FAs 
as major fat constituents, which have been reported to improve health. This way, it 
appears that administration of triacylglycerols (TAGs), in which medium-chain FAs 
constitutes the main acylglycerol species, improves the long-term success of dieto-
therapy of obese patients (Hainer et al. 1994). Other results from longest controlled 
feeding of medium-chain FAs indicate that short-term feeding of diets enriched by 
medium-chain FAs increases total energy expenditure (White et al. 1999). This fact 
would have relevance in countries where jujube could have a key role in the diet, as 
occurs in some areas of Southeast Asia.
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Similarly to what happens in leafy greens, the content of FAs in fruit tissues is 
quite low in most species; and by considering Arbutus unedo as the more prominent 
species, which show 1.5 % FAs of fresh weight, by a daily intake of 200 g—an usual 
consumption for any fruit—and regarding the ALA percentage of 36 % of total FAs 
(Table 8.3), it is obtained approximately 100 mg ALA, that is a low figure, insuf-
ficient as to consider this fruit as a good source of ALA. On the other hand, other 
wild edible species (i.e. Myrtus communis and Prunus spinosa) provide a modest 
contribution of OA to the diet.

8.5  An Unclear Subject: Are Wild Edible Plants More 
Omega-3 FAs Enriched than Cultivated Ones?

Some authors argued that during the human evolution, our ancestors had a diet 
containing approximately an n-6/n-3 ratio close to 1, and due to modern agriculture, 
with its emphasis on production, the n-3 FA content has decreased in many foods; 
so, in the Palaeolithic, the n-3 FAs were found more frequently in all foods: meat, 
wild plants, eggs, fish, nuts, and berries (Simopoulos 2002). Thus, it is believed that 
edible wild plants were used more frequently in the Palaeolithic than in the present 
(Diamond 2002), although today it is possible to find this feeding behavior in rural 
communities in several countries of the Mediterranean Basin (Leonti et al. 2006). 
In this sense, the knowledge about the healthy effect of the Mediterranean diet is 
widely documented; for example, its positive impact on lowering the rate of cardio-
vascular complications after myocardial infarction was established in the clinical 
trial “Lyon Diet Heart Study,” in which it was concluded that ALA was responsible 
for this effect (De Lorgeril et al. 1994).

The benefits derived from the intake of n-3 FAs seem unquestionable. How-
ever, an unclear question is the one concerning the actual quantity of n-3 in wild 
plants versus cultivated ones. In this regard, Simopoulos and Salem (1986) and 
Simopoulos et al. (1992, 1995) reported an edible wild plant as an unmistakable 
source of n-3: purslane (Portulaca oleracea), which would contain important 
amounts of ALA. Based on this finding, it was argued that edible wild plants are 
the best sources of n-3 as compared to those farmed. However, although purslane is 
today widely reported as a good source of ALA, according to later studies (Liu et al. 
2000; Palaniswamy et al. 2001), both the total FA percentage on fresh plant weight 
and ALA percentage of total FAs are in good agreement with other commonly con-
sumed vegetables, either farmed or wild. Furthermore, EPA and DHA have not been 
found in subsequent analyses (Vaskovsky and Khotimchenko 1992).

To elucidate whether edible wild plants are better sources of n-3 than those 
farmed, it should be appropriate to check the FA content in the same organs of 
both plant types, edible and farmed, collected in the same area and belonging to 
the same or related species. However, few studies filled this premise. Among con-
sulted literature, the work of Vardavas et al. (2006) is very useful in this regard. 
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The authors reported on the FA concentrations of 6 cultivated species and 48 wildly 
grown greens, all of them usually consumed in Crete. From their results, the au-
thors highlighted that the highest percentage of n-3 was found in cultivated organic 
lettuce in which 60 % of all FAs were ALA. Moreover, after selecting only the 
leafy greens among the reported species and discarding other organs that could 
lead to error, an n-6/n-3 ratio of 0.38 for cultivated species and 0.43 for wild ones 
was obtained. Thus, it seems that the traditional Cretan diet is composed mainly of 
vegetables, which explains its good nutritional qualities as well as the appreciable 
amount of ALA it provides, but which does not lead to the fact there is a decrease in 
the percentage of n-3 of crop plants.

Another particularly interesting work that could help resolve this question is the 
one conducted by Celik and Ercisli (2009) concerning the total lipids and FA com-
position of red raspberry fruits (Rubus idaeus). In that study, several wild grown 
raspberries were collected from their natural habitats, while other fruits were gath-
ered from cultivated plants. The analyses showed that the yield of lipid was 0.40 % 
as maximum for wild genotypes, while for the cultivated species it reached 0.63 %. 
Moreover, ALA content was similar for the two kinds of raspberry, although all wild 
raspberry genotypes had higher amount of LA and PA than cultivated ones, thus 
slightly increasing the ratio n-6/n-3 for wild genotypes.

In this regard, a report about the FA composition of several jujube varieties from 
the southeast of Spain gave results similar to the previous studies (Guil-Guerrero 
et al. 2004) because wild jujubes showed lower percentages of ALA than five other 
cultivated varieties.

Therefore, although the previous data are very partial, the statement that edible 
wild plants are more enriched in n-3 than those farmed seems to be unfounded until 
now.

8.6  Conclusions

The intake of edible wild plants attracts nowadays the interest of many people who 
expect to find nutrients and phytochemicals in wild vegetables in higher amounts 
than in cultivated species. As exposed above, edible wild plants contribute to fulfill 
the daily need of n-3 FAs as well as constitute a good source of n-9 and n-6 ones. 
Various organs could be consumed with different contributions; that is, wild green 
leafy vegetables provide a significant portion of the daily dosing recommendations 
of n-3 FAs; seeds from Mediterranean wild edible plants constitute an inexpensive 
source of various PUFAs, Brassicaceae and Urticaceae include n-3-enriched oily 
species, Amaranthaceae and Compositae contain n-6 ones, while Anacardiaceae 
and Poaceae constitute a potential reservoir of n-9 FAs; finally, fruits of Mediter-
ranean wild edible plants offer a balanced contribution between MUFA and PUFA, 
and most them constitute a good source of medium-chain FAs, whose intake reports 
unquestionable health benefits.
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As shown, research on Mediterranean wild edible plants indicates good nutri-
tional qualities in many of these. However, a greater emphasis should be given in 
research papers to elucidate potential toxicities, for example, by performing cyto-
toxic assays and/or animal experiments. Given that wild vegetables can contain 
a considerable diversity of active compounds whose analysis is not always done 
in research papers, such models could provide assurance about the safety of each 
targeted species.
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Chapter 9
Wild Edible Plants as Sources of Carotenoids, 
Fibre, Phenolics and Other Non-Nutrient 
Bioactive Compounds

Montaña Cámara, Virginia Fernández-Ruiz and Brígida María Ruiz-Rodríguez

9.1  Introduction

Plants have been part of the human diet since ancient times, and their selection is 
influenced by the attractive colours and flavours, in addition to nutrients that they 
provide. The nutritional quality of plant products depends on the amount and qual-
ity of the macronutrients (proteins, carbohydrates and lipids) and micronutrients 
(vitamins, minerals, fatty acids and essential amino acids).

Recent epidemiological and biochemical studies support the association be-
tween high intake of vegetables and better health status. This beneficial action of 
the vegetables is due to the presence of a wide variety of substances, which include 
macronutrients, micronutrients and other non-nutritive compounds (Tucker 2001). 
Although initially the protective role of these foods was exclusively attributed to its 
high nutritional density, making fruits and vegetables essential foods in a balanced 
diet, more recent research has focused attention on the presence therein of other 
bioactive compounds, called phytochemicals, that contribute to disease prevention 
and the improvement of the quality of life of the population. Currently, the term 
“bioactive compounds” has been coined to describe plant compounds with health 
beneficial properties, referring to those nutrients or non-nutrients capable of acting 
on the human body’s physiological mechanisms, among which are vitamins, trace 
elements, dietary fibre and other active compounds. Such compounds may have dif-
ferent mechanisms, including modulation of detoxifying enzymes, stimulating the 
immune system, reduction of platelet aggregation, modulation of cholesterol syn-
thesis and hormonal metabolism, reduced blood pressure, antioxidant, antibacterial 
and antiviral properties (FECYT 2005; Lampe 1999; Wargovich 2000).
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Bioactive compounds present in plant products include the following molecules 
(Ortega et al. 2007):

• Carotenoids, such as lycopene (abundant in tomatoes, watermelon and pink 
grapefruit varieties, involved in the prevention of prostate cancer) or lutein 
(found in vegetables and some fruits, involved in decreasing the risk of cataracts 
and other degenerative eye processes), among others (Rao 2006).

• Steroids, such as phytosterols (campesterol, sitosterol and stigmasterol) and 
stanols are present in appreciable amounts in some vegetables and fruits, with 
proven effect on inhibition of intestinal cholesterol absorption.

• Tocopherols and tocotrienols (in α, β, γ and δ forms), with antioxidant activity by 
inhibiting lipid peroxidation at the propagation phase.

• Phenolic compounds, with a diverse group structure, which includes flavonoids 
(flavonols, flavanols, flavanones, isoflavones and anthocyanins), phenolic acids, 
tannins, stilbenes, among others. This fraction also includes isoflavones, such as 
daidzein, genistein or coumestrol, with phytoestrogenic actions, present in soy, 
plums, figs, strawberries, melon or pears.

• Sulphur compounds: glucosinolates, and indole isothiocyanates (found in Cruci-
ferae), allicin and allyl sulfides (abundant in Allium bulbs).

Many of these compounds (carotenoids, tocopherols, phenolic compounds and sul-
phur compounds) have antioxidant capacity, thus they are able to counteract the 
oxidative stress caused by the attack of high oxidizing molecules, such as free radi-
cals, to the various tissues and biomolecules of organism (as genetic material or 
plasma lipoproteins and membrane), which triggers cellular aging processes, and 
the appearance of cardiovascular disease, cancer, cataracts or neurological disor-
ders, among others (Wargovich 2000).

The beneficial effects of all these compounds are manifested by the consumption 
of a diet rich in fruits and vegetables; it cannot be attributed to a single compound or 
mixture of compounds, but to the synergistic effect of all of them. Numerous studies 
have shown that taking separate compounds in the form of food supplements do not 
produce the same effects as fruit and vegetables (Cervera Real 2008). Thus, it has 
been shown that the consumption of fruits and vegetables (for example garlic, grape 
juice, carrots, spinach, soy or cruciferous vegetables) is currently one of the most 
effective and safe strategies in preventing cardiovascular disease (Halliwel 2007; 
Lampe 1999; Suter 2000). In this connection, the so-called “cumulative antioxidant 
index” (CAI) has been defined as a parameter directly related to plasma concentra-
tions of vitamin E, vitamin C, β-carotene and selenium, and inversely related to 
serum cholesterol, intake of fruits and vegetables, since its composition would help 
to increase the index (Bello 2006).

Several studies, such as SUppléments en VItamines et Minéraux AntioXydants 
(SUVIMAX) or European Prospective Investigation into Cancer and Nutrition 
(EPIC; Survey Research on Cancer and Nutrition), also show that the intake of a 
varied diet rich in fruits and vegetables is best to reduce the risk of several types of 
cancer (Agudo and González 2007; Hercberg et al. 2006). The World Foundation 
for Cancer Research has stated that of the 130,000 deaths per year caused by cancer, 
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30–40 % could have been prevented through a proper diet (Cotte 1999). Indeed, 
oxidative DNA damage is considered an important factor causing various types of 
cancer, and fruit and vegetables, for their high content of antioxidants, have been 
revealed as important chemopreventive agents (Clark et al. 1996). Furthermore, the 
presence of flavones, dithiothioles, thioethers, phenols, isothiocyanates and indoles 
suppress metabolic activity of carcinogens, and in this way, could reduce the risk of 
cancer. These beneficial components may be found in cruciferous vegetables (broc-
coli, brussels sprouts, cauliflower and cabbage), carrots and green leafy vegetables 
(Lampe 1999; Martínez et al. 2001; Williamson 1996).

9.2  Bioactive Compounds in Wild Edible Plants

Wild edible plants are important sources of bioactive compounds, such as carot-
enoids, fibre, phenolics and other non-nutrient compounds. Most of the compounds 
mentioned above have shown antioxidant activity, associated with health benefits 
due to the reduction in cardiovascular disease risk factors, the decrease of the in-
cidence of many different types of cancers besides their protective role against a 
wide range of other chronic diseases. The concentration of these compounds in wild 
plants varies widely within botanical families, and it is also influenced by growing 
conditions, moisture and other factors. This chapter reviews the current knowledge 
about these bioactive compounds’ content and contribution in wild edible plants.

9.2.1  Carotenoids

Carotenoids are one of the most important groups of pigments, widely distributed in 
nature, with important metabolic functions (Khachik et al. 2002; Van den Berg et al. 
2000). Carotenoids, being C40 isoprenoids (tetraterpenes), play a key role in human 
diet due to their metabolism to vitamin A (retinol) besides other important activities 
due to their antioxidant properties.

Carotenoids can be divided into hydrocarbons and xanthophylls (oxygenated 
derivatives), and also into acyclic and alicyclic. Around 637 different carotenoids 
have been described, and possibly 70 of them might have an important role in hu-
man health. Most carotenoids occurring in nature meet all double bonds in trans 
configuration, although there are also small quantities of cis-isomers.

Carotenoids are considered of great interest due to the provitamin-A activity of 
some of them (α-carotene, β-carotene and cryptoxanthin, mainly) and also for other 
activities, such as the well documented antioxidant capacity (Stahl and Sies 2003, 
2012) or other less documented features, based on the non-antioxidant effects of 
phytochemicals, like those related to the inhibition of inflammation (Elliott 2005). 
Their action as antioxidants is mainly by capturing free radicals and reducing oxida-
tive stress in the body, which prevents mediated cell damage induced by radicals. 
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These properties are responsible for health-promoting effects, and most of the stud-
ies so far establish relationships between carotenoids and chronic diseases, such as 
cancer, atherogenesis, ocular degeneration and neuronal damage (Cantuti-Castelve-
tri et al. 2000; Krinsky and Johnson 2005; Maiani et al. 2009; Ramos et al. 1989). 
For that reason, the World Health Organization (WHO) recommends a β-carotene 
intake of 4–6 mg per person per day (Williamson 1996).

Among carotenoids, lycopene presently generates enormous interest for the im-
portant biological actions performed in the body, due to its specific chemical struc-
ture and properties. Recent epidemiological studies show its preventive role against 
cardiovascular disease and prostate, gastrointestinal tract, and epithelial cancers 
(Clinton 1998; Shi and Maguer 2000). This is due to not only its antioxidant activi-
ty, twice that of β-carotene, but also other hormonal or metabolic mechanisms, such 
as acting in intercellular communication (responsible for cell growth) and modulat-
ing immune functions (Rao and Agarwal 2000; Stahl and Sies 2012).

Total and individual carotenoids of cultivated plants or commercial species 
have been extensively studied (Deli et al. 2000; Granado et al. 1992; USDA 1998); 
however, there are very few studies on wild plants (Martins et al. 2011), and there 
are little previous data available on individual carotenoids in wild edible plants 
from the Mediterranean area.

Several authors studied the total carotenoid content in species traditionally con-
sumed in the Mediterranean area (Fig. 9.1). From these wild edible species, a higher 
carotenoid content has been found in Alliaria petiolata, Chenopodium opulifolium, 
C. album and C. murale. As shown in Fig. 9.1, A. petiolata has the highest to-
tal carotenoid content (13.3 mg/100 g), while the lowest belong to Bellis perennis 
(2.5 mg/100 g).

García-Herrera et al. (2013), studied the edible young shoots of four species 
traditionally consumed as wild asparagus in Spain (Asparagus acutifolius, Humulus 
lupulus, Bryonia dioica and Tamus communis). The results are shown in Table 9.1. 
These wild edible young shoots present higher contents of xanthophylls (lutein, 
neoxanthin and violaxanthin) than β-carotene, and they are richer sources of carot-
enoids than many of the commercially available leafy vegetables often consumed in 
the Mediterranean area. Among the four species analysed, B. dioica has the highest 
carotenoid content (up to 11.63 mg/100 g).

Lutein is mainly present in green leafy vegetables, such as beet (4.2 mg/100 g) 
and spinach (1.5 mg/100 g), with content in a range similar to those found 
in most wild plants. The content of β-carotene in vegetables such as spinach 
(3.2 mg/100 g) and beet (1.1 mg/100 g) is also in the range similar to those 
reported in wild plants (Deli et al. 2000; Granado et al. 1992). Debussche et al. 
(1987) studied the variation in the composition of fleshy fruits of the Mediter-
ranean region remarking the importance of the ripening season, life form, fruit 
type and geographical factors.
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9.2.2  Fibre

Fibre is not a simple and well defined chemical compound, but a combination of 
chemical substances on composition and structure, such as cellulose, hemicellu-
loses, and lignin, being defined as “edible parts of plants or analogous carbohy-
drates that are resistant to digestion and absorption in the human small intestine 
with complete or partial fermentation in the large intestine” (Mongeau and Brooks 
2003). Thus, dietary fibre comprises food material, particularly plant material, that 
is not hydrolysed by enzymes secreted by the human digestive tract but that may 
be digested by microflora in the gut. Plant components that fall within this defini-
tion include non-starch polysaccharides (NSP) such as celluloses, some hemicel-
luloses, gums and pectins, as well as lignin, resistant dextrins and resistant starches 
(IFST 2007). According to the criteria followed by European Food Safety Authority 
(EFSA), the concept of dietary fibre refers to non-digestible carbohydrates plus 
lignin, including NSP: cellulose, hemicelluloses, pectins, hydrocolloids (i.e. gums, 
mucilages and glucans), resistant oligosaccharides (fructooligosaccharides, galac-
to-oligosaccharides and others), resistant starch (consisting of physically enclosed 
starch, some types of raw starch granules, retrograded amylose, chemically and/or 
physically modified starches), and lignin associated with the dietary fibre polysac-
charides (EFSA 2010).

Fig. 9.1  Total carotenoid content in some wild Mediterranean vegetables (mg/100 g fresh edible 
material). (Data compiled from Aliotta and Pollio 1981; Guil-Guerrero et al. 1997; Guil-Guerrero 
and Rodríguez-García 1999; Ranfa et al. 2014)
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Fibre in human nutrition gained great interest from Burkitt’s work (Burkitt et al. 
1974), which studied the relationship between inadequate fibre intake and the pro-
gressive increase in degenerative diseases in developed societies. Nowadays, re-
search shows that the ingestion of suitable quantities of food fibre produces many 
beneficial effects on the digestive tract, such as the regulation of the intestinal func-
tion, improvement of the tolerance to glucose in diabetics, or prevention of chronic 
diseases such as colon cancer (Mongeau and Brooks 2003; Pérez Jiménez et al. 
2008). In addition, soluble fibre (SF, mainly pectins) influences fat level and arte-
riosclerosis in humans and animals (Yamada 1996). Diverse in vivo studies have 
demonstrated that an ingestion of insoluble fibre (IF) from fruits and vegetables can 
produce a significant decrease in the plasmatic concentration of cholesterol, which 
implies a decrease in the risk of suffering cardiovascular disease, colon cancer, 
diabetes and obesity. Also, a regulatory activity of the immune system has been at-
tributed to dietary fibre (Brett and Waldron 1996). For all these reasons, the current 
fibre intake recommended by the Food and Nutrition Board (Trumbo et al. 2002) in 
adults is 21–38 g/day, depending on lifestage groups. The current Europe consump-
tion of fibre is estimated to be 20 g/person/day, so an increase in fibre consumption 
is needed, and a way to achieve that goal is by supplementing the diet with com-
mercial fibre-rich products.

One of the most important nutritional aspects of fruits and vegetables is the fact 
that, together with cereals and legumes, they are one of the main sources of dietary 
fibre in the diet, with contents ranging between 1 and 11 %, which is insoluble fibre 
distributed between cellulose, hemicellulose, lignin (predominant in vegetables), 
and soluble fibre (pectin, gums and mucilages) more important in fruits (Cámara 
et al. 2003). Within the soluble fibre fraction, prebiotic compounds such as short-
chain fructans (fructooligosaccharides) or long-chain fructans (inulin) are also 
included.

Table 9.1  Individual carotenoid concentrations (mg/100 g of fresh edible material) of some wild 
young shoots traditionally consumed in Mediterranean areas. (Data from García-Herrera et al. 
2013, including variability from samples gathered in different years and sites of central Spain)

Mean (range) Mean (range)
Asparagus acutifolius Humulus lupulus
Lutein 0.59 (0.41–0.85) Lutein 0.76 (0.19–1.72)
β-carotene 0.31 (0.16–0.42) β-carotene 0.48 (0.16–1.26)
Neoxanthin 0.47 (0.04–0.98) Neoxanthin 0.73 (0.13–1.57)
Violaxanthin 0.40 (0.26–0.57) Violaxanthin 0.31 (0.04–1.01)
Total 0.87–2.82 Total 0.52–5.56
Bryonia dioica Tamus communis
Lutein 2.19 (0.68–3.70) Lutein 1.14 (0.70–1.73)
β-carotene 0.81 (0.15–1.95) β-carotene 0.44 (0.32–0.60)
Neoxanthin 1.96 (0.17–3.83) Neoxanthin 1.19 (0.77–1.90)
Violaxanthin 1.14 (0.03–2.15) Violaxanthin 0.62 (0.38–1.09)
Total 1.03–11.63 Total 2.13–5.32
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Most cultivated food plants generally have a fibre content between 1.2 and 
4 g/100 g, except for special cases such as artichokes which reach values of 
10.8 g/100 g (Souci et al. 2008). Fibre, from the nutritional standpoint, is the most 
important component of wild plants. As shown in Fig. 9.2, some wild species stud-
ied by García Herrera et al. (2014) presented mean values which ranged from 3.9 to 
9.6 g/100 g, except for Silybum marianum, with a lower average fibre contribution 
(2.5 g/100 g) due to its high water content. The plant with the highest fibre content 
was Chondrilla juncea, 100 g portion covering about 30 % of daily recommenda-
tions of fibre for adults, given by Trumbo et al. (2002) as adequate intake (AI). It 
can be seen that the species studied exceed usual fibre contents in most vegetables. 
The Regulation 1924/2006 requires a minimum of 3 g/100 g of fibre to declare 
that a food is “source of fibre” and 6 g/100 g to claim it as “high fibre”. Under this 
regulation, all edible wild plants shown in Fig. 9.2, except Apium nodiflorum and S. 
marianum, could be considered “sources of fibre”, standing out for its high content 
some Asteraceae species (C. juncea, Taraxacum obovatum and Scolymus hispani-
cus) as well as Rumex pulcher and Papaver rhoeas.

Ruiz-Rodríguez (2014) studied the soluble and insoluble fibre content of four 
wild species whose fruits are traditionally consumed in Spain (Table 9.2), to evalu-
ate their potential contribution to fibre daily recommendations, or adequate intakes. 
Results showed that these wild fruits are interesting sources of fibre for improving 

Fig. 9.2  Total fibre content (g/100 g of fresh edible material) in different Mediterranean wild 
vegetable species. (Data compiled from García-Herrera 2014)
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the nutritional quality of the human diet, since they have even higher fibre con-
tent than wild vegetables. Strawberry-tree fruits ( Arbutus unedo) were reported as 
one of the best contributors to fibre recommendations among wild edible fruits 
(16.28 g/100 g), especially insoluble fibre, contributing more than 42 % of fibre AI 
in a 100 g portion (Ruíz-Rodríguez 2014).

As in some cases already mentioned, all the studied fruits provide interesting 
fibre amounts, since 100 g could cover between 30 and 65 % of the AI recom-
mended for adults. In addition, and following the guidelines of Regulation (EC) No 
1924/2006 of the European Parliament and of the Council of 20 December 2006 
on nutrition and health claims made on foods (European Parliament and Council 
2006), it could be stated that all of them, even fresh, are “sources of fibre” and also 
could be defined as “high fibre” (over 3 and 6 g/100 g, respectively, for each of the 
statements).

Within the fibre fraction, we find that in conventional fruits, a relation FS/FI is 
approximately equal parts in strawberry and cherry (Prunus cerasus), but in most 
other fruits the ratio is more favourable to the FI, for example grapes, pineapple, 
banana, apple, being even more favourable to the FI, and up to 90 % in black currant 
and watermelon (Souci et al. 2008). In the case of the wild fruits, we also observed 
this higher amount of FI, with values ranging from 30/70 in Crataegus monogyna 
to 20/80 in Arbutus unedo, Prunus spinosa and Rubus ulmifolius.

9.2.3  Phenolic Compounds

Phenolic compounds, as secondary plant metabolites, include a wide spectrum of 
molecules that contain an aromatic group and one or more hydroxyl groups on the 
aromatic ring. This family includes simple phenolic acids, which are derivatives of 
benzoic acid or cinnamic acid, and extends to the complex family of flavonoids and 
tannins. Due to their antioxidant properties, total phenols and flavonoids have an 
important role in antioxidant defence mechanisms of biological systems (Nile and 
Park 2014; Proestos et al. 2006).

Table 9.2  Soluble and insoluble fibre in some wild fruits. Data from Ruiz Rodriguez (2014)
Arbutus 
unedo

Crataegus 
monogyna

Rubus 
ulmifolius

Prunus 
spinosa

Insoluble fibre (g/100 g) 13.20 10.11  9.87  9.54
Soluble fibre (g/100 g)  2.98  4.37  2.01  2.19
% Adequate intake EFSAa 64.72 57.92 47.52 46.92
% Adequate intake FNB malesb 42.58 38.10 31.26 30.87
% Adequate intake FNB femalesc 64.72 57.92 47.52 46.92

ESFA European Food Safety Authority, FNB Food and Nutrition Board
a 25 g/day, EFSA (2010)
b 38 g/day , Trumbo et al. (2002)
c 25 g/day , Trumbo et al. (2002)



1959 Wild Edible Plants as Sources of Carotenoids, Fibre, Phenolics and Other …

Polyphenolic compounds are gaining greater prominence as bioactive agents. 
They are a complex group of substances including flavonols, catechins and 
anthocyanins, and are found in plants isolated or attached to sugars (glycosides; 
Cheynier 2012). Flavonoids are a group of polyphenolic compounds widely 
distributed throughout the plant kingdom that inhibit the oxidation chain initiation 
and prevent chain propagation by acting as free radical scavengers (Bravo 1998; 
Mertz et al. 2007; Scalbert et al. 2002). They are usually found as their glycoside 
derivatives in plants, with various monosaccharides and disaccharides as parts of 
their structure.

Flavonols are the most ubiquitous flavonoids in fruits, and quercetin and kaemp-
ferol are the main representatives being the richest sources: onions (up to 1.2 g/
kg edible portion), curly kale, leeks, broccoli and blueberries. Flavanols exist in 
both the monomer form (catechins) and the polymer form (proanthocyanidins). Cat-
echins are found in many types of fruit (apricots, which contain 250 mg/kg, are one 
of the richest sources). They are also present in red wine (up to 300 mg/L), but green 
tea and chocolate are by far the richest sources. Proanthocyanidins, which are also 
known as condensed tannins, are dimers, oligomers and polymers of catechins that 
are bound together by links between C4 and C8 (or C6) and are responsible for the 
astringent character of fruit.

Anthocyanins are pigments dissolved in the vacuolar sap of the epidermal tis-
sues of flowers and fruit, to which they impart a pink, red, blue or purple colour. 
Cyanidin is the most common anthocyanidin in foods. Food contents are generally 
proportional to colour intensity and reach values up to 2–4 g/kg of edible portion 
of blackcurrants or blackberries; these values increase as the fruit ripens (Harborne 
and Williams 2000; Manach et al. 2004). The most significant are the anthocyanins 
found in red grapes, strawberries, pomegranates, blackberries and blueberries, quer-
cetin in fruits and onions, and resveratrol present in grapes (Bravo 1998).

There are a great number of in vitro and in vivo studies, using cell cultures of 
animal and human cells, suggesting that these bioactive compounds of wild plants 
positively show an effect on human health. The presented characteristics of vari-
ous berry fruits point to vast differences in the type of their bioactive compounds. 
Such differences are observed with regard to both the content and the qualitative 
composition of those compounds. The most significant health benefits described 
for phenolic compounds are shown in Fig. 9.3, which result mostly from different 
biological activities such as antioxidant, antitumoral, antimutagenic, antimicrobial, 
anti-inflammatory and neuroprotective properties (Nile and Park 2014; Vasco et al. 
2009).

Some of the most important beneficial effects of phenolic compounds are the 
prevention of malignancies by inhibiting the formation of nitrosamines or even 
decreasing their capacity for action, when they are formed; they have antioxidant 
properties to be effective in preventing oxidation of the fraction low-density li-
poprotein (LDL) cholesterol, thereby preventing atherosclerosis and other cardio-
vascular diseases; and they are also capable of blocking the allergic response of 
the body to inhibit histamine and exhibit anti-inflammatory and diuretic properties 
(Williamson 1996). However, it should be noted that the antioxidant capacity of 
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fruits and vegetables cannot be attributed to a particular group of flavonoids but 
to all of them (see Chap. 10), and still there is a need for further research to assess 
the synergies or antagonisms between the different compounds (Heim et al. 2002; 
Rice-Evans et al. 1997).

Fig. 9.3  The most significant health benefits of phenolic compounds. (Data from Nile and Park 
2014)
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Phenolic compounds are present in vegetables (brussels sprouts, cauliflower, 
leeks, onion, parsley, tomato and celery) and fruits (berries, cherries, blueberries, 
plums, raspberries, strawberries, grapes, grapefruit, orange, peach and apple; Cheyni-
er 2012; Manach et al. 2004). We must also make special mention of soy isoflavones, 
which promote bone mineralization and are preventive factors of atherosclerosis and 
some cancers (Murkies et al. 2000; Raschke et al. 2006; Wangen et al. 2000).

There is great interest in the study of phenolic compounds in ‘lesser-known’ 
wild plants, since several studies revealed the important role they played in human 
health. However, it is difficult to compare results obtained by different authors due 
to the great differences in the units and way of expressing the results obtained. 
Furthermore, it is also important to take into account the natural variability of wild 
plants and a wide variability even within the same species, which substantiate the 
importance of analysing several batches of them.

Several authors studied the total phenolic content in wild species traditionally con-
sumed in the Mediterranean area (Conforti et al. 2008; Conforti et al. 2011; García-
Herrera 2014; Martins et al. 2011; Morales 2011; Morales et al. 2012; Morales et al. 
2014; Pereira et al. 2011; Salvatore et al. 2005; Vardavas et al. 2006; Wojdyło et al. 
2007; Zeghichi et al. 2005). Figure 9.4 shows the averages of data available from 
these studies for different wild vegetables expressed as gallic acid equivalents (GAE) 

Fig. 9.4  Average total phenolics content on different Mediterranean wild vegetables (expressed 
as mg gallic acid/100 g fresh edible material). (Data compiled from Conforti et al. 2008, 2011; 
García-Herrera 2014; Martins et al. 2011; Morales 2011; Morales et al. 2012, 2014; Pereira et al. 
2011; Salvatore et al. 2005; Vardavas et al. 2006; Wojdyło et al. 2007; Zeghichi et al. 2005)
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per 100 g of edible fresh product. The highest content was found in Montia fontana, 
Papaver rhoeas and Anchusa azurea; they are therefore rich sources of these com-
pounds. Montia fontana had the highest total phenolics content (237 mg GAE/100 g 
fw) and the lowest corresponded to Silybum marianum (11.6 mg GAE/100 g fw).

According to Morales (2011), besides water-blinks (M. fontana), other species 
with high total phenolic content were fennel (Foeniculum vulgare) and hop (H. 
lupulus), while bladder campion (Silene vulgaris) and wild leek (Allium ampelo-
prasum) presented low total content of phenolic compounds (62.38 and 42.24 mg 
GAE/100 g sample).

Figure 9.5 presents the flavonoid content reported for some Mediterranean spe-
cies (Conforti et al. 2008; García-Herrera 2014; Martins et al. 2011; Morales 2011; 
Morales et al. 2012; Morales et al. 2014; Pereira et al. 2011; Salvatore et al. 2005). 
Among these wild vegetables, the highest content was found in A. azurea (84.8 mg 
catechin/100 g fw), followed by, Cichorium intybus and M. fontana; they are there-
fore rich sources of flavonoids. On the contrary, the lowest content corresponds to 
C. juncea (0.78 mg catechin/100 g fw). In the study by Morales (2011), the highest 
level of flavonoids, expressed as catechin equivalents (CE), was found in A. nodi-
florum (143 mg CE/100 g sample), whereas the lower content (6.29 mg CE/100 g 
sample) was presented by wild leek (A. ampeloprasum).

Fig. 9.5  Average total flavonoid content in different Mediterranean wild vegetables (expressed 
as mg catechin/100 g). (Data compiled from Conforti et al. 2008; García-Herrera 2014; Martins 
et al. 2011; Morales 2011; Morales et al. 2012, 2014; Pereira et al. 2011; and Salvatore et al. 2005)
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Morales (2011) compared the composition of phenolics and total flavonoids in 
samples of F. vulgare from Spain with those from other origins, such as Portugal, 
Finland, Italy and Iran (Barros et al. 2009; Conforti et al. 2009; Hinneburg et al. 
2006; Motamed and Naghibi 2010). In comparison, the Spanish fennel showed a 
higher content of total phenols (42.16 mg GAE/g extract), much greater than fennel 
from Portuguese, Finnish and Iranian origin (8.61, 7.74 and 30.3 mg GAE/g extract, 
respectively) but lower than its Italian relative (80 mg GAE/g). However, although 
the Iranian plants showed lower content of total phenols than others, they presented 
a higher concentration of total flavonoids (16.49 mg CE/g) than the samples col-
lected in Spain.

In relation to young shoots, some Spanish samples of H. lupulus had a high con-
tent of phenolic compounds (55.83 mg GAE/g extract), significantly higher than 
that reported for the same species from Poland (7.14 mg GAE/g extract) studied 
by Wojdyło et al. (2007). Comparing the results obtained for wild asparagus ( A. 
acutifolius), white and black bryony ( B. dioica and T. communis) from Portugal and 
Spain, it was observed that the Portuguese samples had a higher content of phenolic 
compounds (624, 258 and 759 mg GAE/g of extract, respectively) and flavonoids 
(57.8, 18.1 and 150 mg CE/g extract, respectively) than samples from Spain (Mar-
tins et al. 2011; Morales et al. 2012).

In the case of wild leek (A. ampeloprasum), total phenols are around 5.77 mg 
GAE/g extract (García-Herrera 2014), while other species of the same family have 
shown a higher level of total phenols, around 9–15.87 mg GAE/g extract. Gorin-
stein et al. (2009) found total flavonoid level of 1.31 mg CE/g extract for Allium 
cepa, 0.86 mg CE/g extract for its wild relatives, and 0.56 mg CE/g for Allium sa-
tivum. Furthermore, Santas et al. (2008) reported values of 2.58 mg GAE/g extract 
for calçot (Spanish variety of A. cepa typically consumed in Catalonia), slightly 
below the wild leek levels.

With regard to wild fruits, blueberries and blackberries are rich sources of phe-
nolics with antioxidant capacity: phenolic acids (gallic acid, p-hydroxybenzoic 
acid, caffeic acid, ferulic acid and ellagic acid) were found to range from 0.19 to 
259 mg/100 g (Sellappan et al. 2002). Flavonoids (catechin, epicatechin, myricetin, 
quercetin and kaempferol) ranged from 2.50 to 387 mg/100 g. Total polyphenols 
ranged from 261 to 929 mg/100 g, and total anthocyanins ranged from 12.70 to 
197 mg/100 g, all values expressed on fresh basis (Lim 2012). Some recent stud-
ies reported values of phenolic content in Mediterranean wild fruits (A. unedo, R. 
ulmifolius, P. spinosa and C. monogyna). The analysis of the samples, collected 
from two different sites of Spain during three different seasons, showed higher val-
ues than those found in many cultivated fruits (Ruiz-Rodríguez 2014). The spe-
cific phenolic profile of these wild fruits is presented in Fig. 9.6. The fruits of P. 
spinosa showed total phenolic compounds ranging from 1851 to 3825 mg/100 g, 
characterised by a high content of anthocyanins and phenolic acids. The fruits of 
C. monogyna presented 449–1438 mg total phenolic compounds/100 g, charac-
terised by a high content of phenolic acids and flavonols (Ruiz-Rodríguez et al. 
2014a). A. unedo fruits showed higher phenolic content than those of R. ulmifolius 
(773–1621 mg total phenolic compounds/100 g vs. 376–1326 mg total phenolic 
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compounds/100 g, respectively). Phenolic acids and anthocyanins are the major 
groups of phenolic compounds found in both species, with gallic acid and cyanidin 
3-glucoside as the main compounds (Ruiz-Rodríguez et al. 2014b). Those values 
are often in the highest range or even above those reported for the majority of the 
berries (192–929 mg/100 g), according to several studies (Česonienė et al. 2009; 
Phenol-Explorer Database 2013; Sellappan et al. 2002). These previous studies 
have reported lower values in many cultivated and wild berries, total anthocyanins 
ranging from 12.70 to 262 mg cyanidin 3-GE/100 g. Also, lower values of flavonols 
and anthocyanins (7.60 mg RE/100 g and 100.56 mg cyanidin 3-GE/100 g fw, re-
spectively) in R. ulmifolius wild fruits have been reported by Ganhao et al. (2010). 
Therefore, these wild fruits, and especially P. spinosa and C. monogyna, should be 
reconsidered as new valuable sources of safe and inexpensive antioxidants.

9.2.4  Other Compounds

Wild edible plants are also sources of other important components considered as 
non-nutrient compounds. These compounds, such as sulphur and allyl disulfide, 
found in plants of Allium genus, or benzyl isothiocyanate, and indole-3-carbinol 
phenethyl isothiocyanate in Brassica species, have the ability to enhance the body’s 

Fig. 9.6  Phenolic profile of wild Arbutus unedo, Rubus ulmifolius, Prunus spinosa and Crataegus 
monogyna fruits. (Data from Ruiz-Rodríguez 2014)
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own antioxidant defences (Williamson 1996). Recent studies have shown signifi-
cant interest due to their reported health benefits, including anticancer properties 
(El-Bayoumy et al. 2006; Nian et al. 2009).

Other important compounds are steroids such as phytosterols (campesterol, si-
tosterol and stigmasterol) and phytostanols, in some cases present in appreciable 
amounts in vegetables and fruits, have demonstrated effects in the inhibition of 
intestinal absorption of cholesterol (Moghadasian and Jiri Frohlich 1999).
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Chapter 10
Antioxidant Potential of Wild Plant Foods

Lillian Barros, Patricia Morales, Ana Maria Carvalho  
and Isabel C. F. R. Ferreira

10.1  Oxidative Stress and Antioxidant Defenses

10.1.1  Reactive Species and the Condition of Oxidative 
Stress

A free radical is defined as any species containing one or more unpaired electrons 
(electrons singly occupying an atomic or molecular orbital), whereas reactive spe-
cies is the collective term for radicals and some other non-radical derivatives of 
oxygen, nitrogen, or sulfur that can easily generate free radicals and/or cause oxida-
tive damage (Halliwell 2012).

As shown in Table 10.1, reactive oxygen species (ROS) include free radicals 
such as hydroperoxyl radical (HO2

●), superoxide anion radical (O2
−●), hydroxyl rad-

ical (HO●) and peroxyl radical (ROO●; e.g., lipid derived), and other species such 
as hydrogen peroxide (H2O2), singlet oxygen (1O2), hypochlorous acid (HOCl), and 
peroxide (ROOR; Lü et al. 2010; Carocho and Ferreira 2013).

The “primary” ROS O2
−● is formed by the addition of one electron to molecu-

lar oxygen; this addition occurs in or outside mitochondria and involves different 
endogenous enzymatic systems such as NADPH oxidases or xanthine oxidases 
(Ferreira et al. 2009). At pH 7, HO2

●, also formed from molecular oxygen, dissoci-
ates to O2

−●. This radical is not very active, but it can interact with other molecules 
generating “secondary” ROS, such as H2O2 (by superoxide dismutase, SOD in 
Haber–Weiss reaction) and then HO● (by Fenton reaction—electron transfer from 
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Table 10.1  Radical and non-radical reactive oxygen, nitrogen, and sulfur species involved in 
oxidative stress
Reactive species Formation
Reactive oxygen species (ROS)
Radicals Superoxide anion (O2

−●) O2 + e− → O2
−●

HO2
● → H+ + O2

−●·(pH 7.4)
Mitochondria electron transport chain; NADPH 
oxidases; Xanthine oxidase

Hydroperoxyl radical 
(HO2

●)
O2 + e− + H+ → HO2

●

Hydroxyl radical (HO●) H2O2 + Fe2+ → HO− + HO● + Fe3+ (Fenton reaction)
Peroxyl radical (ROO●) RH + O2

−● → R●

R● + O2 → ROO●

Non-radicals Hydrogen peroxide 
(H2O2)

2O2
−● + 2H+ → H2O2 + O2 (SOD)

Singlet oxygen (1O2) OCl− + H2O2 → Cl− + H2O + 1O2
Hypochlorous acid 
(HOCl)

Cl− + H2O2 → OCl− + H2O (myeloperoxidase)
OCl− + H+ → HOCl

Hydroperoxide (ROOH) ROO● → ROOH

Reactive nitrogen species (RNS)
Radicals Nitric oxide (NO●) Arginine + NADPH + H+ → NO● + Citrulline + NADP+

Nitric oxide synthases
Non-radicals Peroxynitrite (ONOO−) NO● + O2

−● → ONOO−

Reactive sulfur species (RSS)
Radicals Thiyl radical (RS●) RSH → RS● + e− + H+ (ROS; RNS)

Sulfoxyl radical 
(RSOO●)

RS● + O2 → RSOO●

Sulfinyl radical (RSO●) RSOO● + RSH → RSO● + RSOH
Sulfonyl peroxyl radical 
(RSO3O

●)
RSOO● + O2 → RSO3O

●

Non-radicals Thiol (RSH; e.g. 
cysteine)

RSH + NO● → RSNO
RSNO + GSH → RSH + GSNO

Disulfide (RSSR) RSH + (RSOH or ROS) → RSSR
Sulfenic acid (RSOH) RSH + (ROS) → RSOH

RSH → RS− + H+;
RS− + H2O2 + H+ → RSOH + H2O

Thiosulfinate (disulfide-
S-monoxide) (RS(O)
SR)

RSOH + (ROS) → RSOOH (Sulfinic acid)
RSOOH + (ROS) → RSO2OH (Sulfonic acid)
2RSOH → RS(O)SR + H2O
2RS− + H2O2 + H+ → RS(O)SR
RSSR + (ROS) → RS(O)SR

Thiosulfonate 
(disulfide-S-dioxide) 
(RS(O)2SR)

RS(O)SR + (ROS) → RS(O)2SR
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transition metals to H2O2), with the latter considered the most toxic ROS (Valko 
et al. 2007; Ferreira et al. 2009; Flora 2009; Carocho and Ferreira 2013). In the 
presence of H2O2 and the chloride ion (Cl−), the enzyme myeloperoxidase produces 
OCl− and then HOCl; the latter species can generate HO● by reacting with O2

−● or 
Fe2+. OCl− can also react with H2O2 to make singlet O2 (

1O2) (Halliwell 2006). Lipid 
peroxidation promotes the production of different types of ROS such as R● that can 
react with O2 to form ROO●; if not neutralized, these radicals react with other adja-
cent lipids producing hydroperoxide lipids (ROOH) that can easily be decomposed 
to form new R●, initiating a process that is known as chain propagation reaction 
(Ferreira et al. 2009).

Table 10.1 also lists the reactive nitrogen species (RNS), including nitric oxide 
radical (NO●), generated in biological tissues by specific nitric oxide synthases (NOS) 
that transform arginine to citrulline. NO● reacts with O2

●− to yield peroxynitrite 
(ONOO−), a non-radical RNS (Ghafourifar and Cadenas 2005; Ferreira et al. 2009).

As shown in Fig. 10.1, reactive species are produced in mitochondria or peroxi-
somes within metabolic processes or by xanthine oxidase activity, inflammation 
processes, phagocytosis, arachidonate pathway, ischemia, and physical exercise. 
Smoking, environmental pollutants, radiation, drugs, pesticides, industrial solvents, 

Fig. 10.1  Internal and external causes for overproduction of free radicals, main cellular targets, 
and related consequences
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and ozone are examples of external factors that promote the production of free radi-
cals (Halliwell 2011; Carocho and Ferreira 2013).

The main targets of reactive species are lipids, proteins, sugars, and nucleic acids 
(Lü et al. 2010). Lipid peroxidation (attack on membrane lipids) occurs mainly as a 
result of the action of HO● or 1O2, but also of ONOO−. Proteins can be oxidatively 
modified in specific amino acids (e.g., nitrosylation with NO●) by free radical-me-
diated peptide cleavage or by formation of protein cross-linkages due to reaction 
with lipid peroxidation products (Ferreira et al. 2009; Carocho and Ferreira 2013). 
In particular, S-nitrosation of glutathione (GSH) produces S-nitrosoglutathione 
(GSNO), which itself is capable of S-nitrosating cysteine residues in proteins to 
make cysteine-S-nitrosothiol (Table 10.1). Protein glutathionylation is a prominent 
consequence of RSS exposure and consists in the redox reaction of protein cysteinyl 
residues with the tripeptide glutathione, resulting in a protein–glutathione mixed 
disulfide (Giles et al. 2001; Gruhlke and Slusarenko 2012). The formation of ROS 
could also contribute to glycoxidative damage; during the initial stages of nonenzy-
matic glycosylation, sugar fragmentation produces short-chain species such as gly-
colaldehyde, whose chain is too short to cyclize and is therefore prone to autoxida-
tion (Benov and Beema 2003; Carocho and Ferreira 2013). The damage in nucleic 
acids induced by reactive species includes production of base-free sites, deletions, 
modification of all bases, frame shifts, strand breaks, DNA–protein cross-links, and 
chromosomal arrangements. HO● is known to react with all the components of the 
DNA molecule, intervening also in DNA oxidation, whereas ONOO− is related to 
DNA fragmentation (Ferreira et al. 2009; Carocho and Ferreira 2013).

The damage to cells and tissues caused by reactive species, mostly ROS, is called 
oxidative damage and is a consequence of oxidative stress, a serious imbalance 
between the generation of ROS and antioxidant protection in favor of the former 
(Halliwell 2012). Recently, the mentioned author answered the question “does the 
oxidative stress that is likely to occur as a result of the tissue damage play any role 
at all in the disease pathology?”, with a firm yes for cancer and neurodegenerative 
diseases, with a probably yes for inflammatory bowel disease, rheumatic arthritis, 
chronic granulomatous disease, and with a maybe for atherosclerosis and diabetes.

10.1.2  Endogenous Antioxidant Defenses

As shown in Fig. 10.2, humans produce many endogenous antioxidant systems 
(enzymes such as SOD (superoxide dismutases), CAT (catalases), Prx (peroxire-
doxins), GPx (glutathione peroxidase), GRed (glutathione reductase) and GST 
(glutathione-S-transferases), or nonenzymatic antioxidant defenses, namely GSH 
(reduced glutathione), Q10, and uric acid) but also obtain some other antioxidants 
from the diet, such as vitamin E, vitamin C, polyphenols, and carotenoids (Halliwell 
2011; Carocho and Ferreira 2013).

SOD converts O2
●− into H2O2 through a dismutation reaction, which is then de-

toxified to water either by CAT in the peroxisomes or by GPx in the mitochon-
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dria, cytosol, or nucleus. Other enzymes that reduce H2O2 are peroxiredoxins (with 
cysteine in the active site). GRed regenerates GSH that is used as a hydrogen donor 
by GPx; the latter can also transform hydroperoxide lipids into alcohols (ROH). 

Enzymatic defenses

Superoxide dismutase 
(SOD)

O2
-· to H2O2

Catalase (CAT)
H2O2 to H2O

Peroxiredoxins (Prx)
H2O2 to H2O

Glutathione peroxidase 
(GPx)

GSH to GS-SG
H2O2 to H2O

ROOH to ROH or R· to R

Glutathione reductase 
(Gred)

GS-SG to GSH

Glutathione-S-transferases
(GST)

GSH to GSH-conjugated

Non-enzymatic defenses

Vitamin E
ROO· to ROOH

Vitamin C
Vitamin E radical to

vitamin E

Polyphenols and 
carotenoids

ROO· to ROOH

Glutathione (GSH)
NO· to GSNO

Coenzyme Q10
ROO· to ROOH

Vitamin E radical to 
vitamin 

Uric acid
1O2 andHO· scavenger

D
iet-derived antioxidants

Fig. 10.2  Major endogenous and exogenous enzymatic and nonenzymatic antioxidant defenses. 
GS-SG glutathione disulphide, GSNO S-nitrosoglutathione, R (e.g., lipid)
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LOO•     +  Vit. E  � LOOH   +   Vit. E�
Vit. E� +   Vit. C      � Vit. E  +   Vit. C�

LOO�= Lipid peroxyl radical; LOOH= Lipid hydroperoxide.

Fig. 10.3  Vitamin E regeneration mediated by vitamin C

 

GSH effectively scavenges ROS (HO●, H2O2, LOO● and ONOO−) either directly 
or indirectly as a cofactor of several detoxifying enzymes, for example, GPx and 
GST. In the neutralization process of ROS, GSH is oxidized to glutathione disul-
phide (GS-SG), which can be further reduced to two GSH molecules by the enzyme 
GRed. GSH is also able to regenerate other antioxidant molecules such as vitamins 
C and E and react with a variety of electrophilic xenobiotics in reactions catalyzed 
by GST, generating products with higher solubility (thus easier to eliminate). Final-
ly, GSH can also neutralize NO●, resulting in the formation of S-nitrosoglutathione 
(GSNO; Valko et al. 2007; Ferreira et al. 2009).

Coenzyme Q10 acts by preventing the formation of or by neutralizing lipid per-
oxyl radicals, but its ability to regenerate vitamin E has also been reported. Uric 
acid prevents the overproduction of oxo-heme oxidants that result from the reaction 
of hemoglobin with peroxides. It also prevents the lysis of erythrocytes by peroxi-
dation, and it is a potent scavenger of HO● or 1O2 (Carocho and Ferreira 2013).

10.1.3  Contribution of Plants as Exogenous Antioxidant 
Defenses

Plants, used since ancient times due to their medicinal properties, may be consid-
ered as a source of bioactive compounds with antioxidant potential. These proper-
ties have been studied in the past few years, proving their potential to act as func-
tional foods (Krishnaiah et al. 2011).

As shown in Fig. 10.2, different compounds, such as vitamin E, vitamin C, poly-
phenols, and carotenoids, have been reported to help the endogenous antioxidant 
defense system as exogenous sources. Vitamin E, a liposoluble vitamin present in 
the membranes, plays an important role in the prevention of lipid peroxidation. 
ROS (e.g., HO● and LOO●) react with vitamin E, generating vitamin E●. Then, 
vitamin C reacts with vitamin E● (Fig. 10.3) producing vitamin C● (that could be 
eliminated by semidehydroascorbate reductase), regenerating vitamin E. Both radi-
cals (vitamin E● and vitamin C●) are poorly reactive species (Ferreira et al. 2009).

The antioxidant properties of polyphenols, mostly flavonoids and phenolic ac-
ids, are conferred by the phenolic hydroxyl groups attached to the ring structures. 
They can act as reducing agents; hydrogen donators; singlet oxygen quenchers; 
peroxynitrites, superoxide, hydroxyl, and peroxyl radical scavengers; and even as 
metal chelators. They also activate antioxidant enzymes, reduce vitamin E radicals, 
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inhibit oxidases, mitigate nitrosative stress, and increase levels of uric acid and low-
molecular-weight molecules (Procházková et al. 2011; Carocho and Ferreira 2013).

The main antioxidant potential of carotenoids is due to singlet oxygen quench-
ing. The only free radicals that completely destroy these pigments are peroxyl radi-
cals. Carotenoids are relatively unreactive but may also decay and form nonradi-
cal compounds that may terminate free radical attacks by binding to these radicals 
(Paiva and Russel 1999; Carocho and Ferreira 2013).

According to Halliwell (2012), our endogenous antioxidant defenses are inad-
equate to prevent oxidative damage completely; hence, dietary sources of antioxi-
dants are especially important to avoid diseases related to oxidative stress. Nev-
ertheless, the contribution of some of them (e.g., polyphenols and carotenoids) to 
the beneficial dietary effect of plants is uncertain, as suggested by the limited and 
confusing literature on their in vivo effects, except possibly in the stomach, small 
intestine, and colon (Halliwell 2011, 2012).

The extracts obtained from plant materials (whole herb or roots, young stems, 
leaves, basal leaves, shoots, aerial parts, flower buds, flowers, inflorescences, fruits, 
seeds, and wood) might be used as antioxidants due to the chemical diversity of their 
phytochemicals and synergistic effects. In fact, the beneficial effects of diet-derived 
antioxidants may be maximally exerted when they are consumed at currently rec-
ommended dietary intakes, rather than in large amounts. Plants are a rich source of 
antioxidants, nonetheless the protective effect may not be the same by pulling up 
one or two individual antioxidant molecules into a high-dose pill (Halliwell 2012).

In this perspective, the antioxidant potential of several plants from Portugal and 
Spain has been extensively reviewed (Barros et al. 2009, 2010a, b, 2011a, b, c; 
Martins et al. 2011; Morales et al. 2012, 2013a, b; Pereira et al. 2011), revealing 
very promising results.

10.1.4  Measurement of Antioxidant Activity in Plants

Regarding the study of antioxidant activity in plants, there is not one method that 
can provide unequivocal and defining results, which necessitates the use of various 
methods instead of a one-dimension approach; each method has its specific target 
within the matrix and its advantages and disadvantages. Some of these procedures 
use synthetic antioxidants or free radicals; some are specific for lipid peroxidation 
and require animal or plant cells (Carocho and Ferreira 2013).

One of the methods most frequently used to evaluate the antioxidant properties 
of different wild edible plants is the Folin–Ciocalteu assay. This method has been 
often used to evaluate total phenolic content in natural products. However, as it is 
based on the measurement of the reducing capacity of a sample, nowadays it is be-
ing used for antioxidant capacity determination (Huang et al. 2005). It follows the 
reaction below:

 (10.1)Mo VI yellow e Mo V blue( )( ) + − → ( )( ).
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Molybdotungstate (Mo) reagent oxidizes phenols and yields a colored product with 
an absorption maximum at 745–750 nm. The reagent contains heteropolyphospho-
tungstates-molybdates that, under basic conditions, react with phenolic compounds 
to form a phenolate anion, possibly (phenol-MoW11O40)

4−, by dissociation of a phe-
nolic proton. This sequence of reversible one- or two-electron reduction reactions 
leads to blue-colored products (Huang et al. 2005; Prior et al. 2005).

The screening of antioxidant properties can also be measured using chemical 
assays (i and ii) or assays related to lipid peroxidation (iii and iv):

i. DPPH-scavenging activity:

 (10.2)

where X● represents a DPPH radical and AH represents antioxidants present in the 
sample (plant tissue). Antioxidants donate a hydrogen atom to the DPPH radical, 
decreasing its absorbance at 517 nm (Antolovich et al. 2002).

ii.  Reducing power:

 (10.3)

 (10.4)

where Fe(CN)6
3− is the compound with the ferric form, and Fe(CN)6

4− is the com-
pound with the ferrous form. Antioxidants present in the wild plants transfer an 
electron to ferricyanide complex, reducing Fe3+ to Fe2+. The second reaction allows 
the measurement of the absorbance at 700 nm; higher absorbance corresponds to 
higher reducing power (Huang et al. 2005; Prior et al. 2005).

iii. β-carotene bleaching inhibition:

 (10.5)

 (10.6)

where LOO● represents the linoleate free radical. Antioxidants present in the plants 
donate a hydrogen atom neutralizing the linoleate free radical formed in the system 
avoiding its attack on the highly unsaturated β-carotene and therefore inhibiting 
β-carotene bleaching (Prior et al. 2005).

iv. TBARS formation inhibition:

 (10.7)

X AH XH A• •+ → +

Fe CN AH Fe CN AH
6
3

6
4( ) + → ( ) +− − +

Fe CN Fe Fe Fe CN
6
4 3

6( ) → ( ) 
− + −
+

( ) ( )carotene H orange LOO carotene bleached LOOH• •β − − + → β − +

( ) ( )carotene H orange LOO AH carotene H orange LOOH A• •β − − + + → β − − + +

MDA TBA MDA TBA2+ → −
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 (10.8)

where MDA represents malondialdehyde and TBA, thiobarbituric acid. The anti-
oxidants present in the sample (plant tissue) will inhibit the formation of the MDA-
TBA2 complex. The TBARS assay measures the MDA formed as the split product 
of an endoperoxide of unsaturated fatty acids resulting from oxidation of a lipid 
substrate. The MDA reacts with TBA to form a pink pigment that is measured spec-
trophotometrically at 532 nm (Fernández et al. 1997).

As different methods measure the antioxidant activity through different mecha-
nisms, the combined analysis of samples through different assays is often needed to 
have an overall idea of the properties of a given sample. Therefore, the interpreta-
tion of the data of antioxidant activity of foods is complex, because of the variety 
of assays available, and the different units used for expression of the results make 
comparison of the data difficult.

In this chapter, data about antioxidant properties of 32 different wild species 
widespread in the Mediterranean area have been reviewed and compared and in-
formation is gathered in Tables 10.2, 10.3, 10.4, and it will be carefully reviewed 
in the followed sections. For that purpose, they have been grouped according to the 
different plant parts traditionally used.

10.2  Overview of the Wild Food Plants with Antioxidant 
Potential

Since prehistoric times, when our ancestors used hunting and gathering to provide 
sustenance, wild food plants have played a central role in human diet and nutrition.

All over the world, wild edibles have been used as dietary supplements and are 
particularly important in times of famine and food shortage. Other plants were used 
to preserve food and for seasoning regional and traditional recipes. Natural flavors 
of some species have lent flavor to very poor, insufficient, and monotonous daily 
meals for decades. Therefore, these plants and the knowledge and practices associ-
ated with them are part of an interesting biocultural heritage (Carvalho 2010; Carv-
alho and Morales 2010; Barros et al. 2010a, 2011a, d).

Demand for natural products and ingredients of high quality has drawn people’s 
attention to wild edibles, and in many different regions, their use and consumption 
are becoming more widespread (Łuczaj et al. 2012).

In recent years, experimental research based largely on ethnobotanical surveys 
and empirical traditional knowledge has shown that wild plants are interesting 
sources of nutrients and phytochemicals (see also Chap. 9), with significant an-
tioxidant properties (e.g. Barros et al. and Morales et al. cited works) that prevent 
various illnesses, especially age-related diseases (The Local Food-Nutraceuticals 
Consortium 2005; Guarrera and Savo 2013).

MDA TBA A MDA TBA2+ + → +
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10.2.1  Wild Species Providing Vegetables

The Mediterranean flora is a combination of taxa of various biogeographical origins 
and evolutionary histories effected over time by climatic events and anthropogenic 
actions with increasing impact (Cowling et al. 1996). Besides floristic diversity, 
the richness of habitats, different cultures and mores, and landscape management 
and historic development around the Mediterranean Basin resulted in the common 
use of many different plants that met basic dietary needs and are interesting food 
resources, well adapted to local diets and folk traditions (Rivera et al. 2005; Hadji-
chambiset al. 2008).

Although it is reported that some tree organs (leaves, young shoots, and flowers) 
are also used (e.g. Tardío et al. 2006), vegetables are mainly the edible product of 
herbaceous plants and can be roots or underground stems (tubers, bulbs, or rhi-
zomes), whole immature plants (sprouts), stems, whorled basal leaves, expanded 
leaves, leaf sheaths, midribs and veins, flower heads, and unripe fruits and seeds. 
Green, vibrant colored or yellowish white, vivid flavored or having very little taste, 
these edibles are traditionally used raw or cooked for preparing soups, broths, stews, 
stir-fries, accompaniments, salads, and sometimes desserts.

Several botanical families provide leafy vegetables that play a significant role in 
different local Mediterranean cuisines and have interesting phytochemical profiles 
and promising bioactive properties (Guarrera and Savo 2013). Therefore, species 
of the Asteraceae, Polygonaceae, Brassicaceae, and Amaryllidaceae families are 
some of the most gathered and consumed edible greens at least in the three large 
southern European peninsulas (e.g. Pieroni et al. 2005; Tardío et al. 2006; Hadji-
chambis et al. 2008; Łuczaj et al. 2012). Some examples are basal leaves, midribs, 
and soft leafy stems of genera such as Chondrilla L., Cichorium L., Hypochaeris L., 
Scolymus L., Scorzonera L. and Sonchus L. and species from Carduoideae and As-
teroideae subfamilies; leaves of docks and sorrels (genus Rumex L.); tender leaves, 
stems and small flowers from annuals such as Eruca vesicaria (L.) Cav., Raphanus 
raphanistrum L., Capsella bursa-pastoris (L.) Medik., mustards and wild cabbage; 
the bulbs, bulbils and linear, channelled or flat leaf blades of Allium species (see 
Chaps. 4 and 13).

Sweet immature pods and seeds from wild species of the Fabaceae family (e.g. 
genera Vicia L., Lathyrus L., Astragalus L.) are frequently considered as organo-
leptically interesting wild food (Carvalho and Telo 2012; Tardío et al 2006) with 
perceived health benefits.

Other noteworthy leafy vegetables are the vernal leaves of some species of Ama-
ranthaceae (genera Atriplex L. and Chenopodium L.), Boraginaceae (e.g. Borago 
officinalis L. and Anchusa sp. pl.), and Apiaceae (such as Foeniculum vulgare Mill. 
and Apium nodiflorum (L.) Lag.).

Small amounts of many of these edibles can safely be eaten raw. Different cook-
ing processes such as soaking or boiling are, sometimes, able to remove most traces 
of different toxins and alkaloids, for instance. However, some plants have both ed-
ible and toxic parts (e.g. bryonies); other botanical families such as Apiaceae have 
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species that can be very poisonous. Many leafy greens have high oxalic acid content 
(e.g. sorrels), and some accumulate chemicals from several contaminants. Thus, 
consumers must avoid potential hazards, act with extreme caution, and be informed 
about the risks and learn how to distinguish between edible and poisonous species, 
organs, or parts of plants.

Data of antioxidant activity in basal leaves as well as leaves accompanied by 
other aerial parts of 17 different edible species are shown in Table 10.2.

Anchusa azurea Mill. (bugloss) is a Boraginaceae, commonly consumed after 
cooking as well as for medicinal purposes against gastralgia, cold, kidney stones, 
pain, and skin problems (Benítez et al. 2008; Carvalho and Morales 2010; Carvalho 
2010; Tardío 2010), and samples of this species gathered from Spain presented the 
lowest EC50 values (highest antioxidant activity) for DPPH scavenging activity and 
reducing power (0.02 and 0.01 mg/mL, respectively) (Morales et al. 2013) when 
compared with all the plant species shown in Table 10.2. Leaves of Borago of-
ficinalis L. (borage, also a consumed wild Boraginaceae) from Italy registered the 
best results in β-carotene bleaching inhibition assays (0.004 mg/mL), according to 
Conforti et al. (2008).

For the TBARS assay, the leaves of Cichorium intybus L. (chicory), Papaver 
rhoeas L. (poppy), Rumex pulcher L. (fiddle dock), and Silybum marianum (L.) 
Gaertn. (milk thistle), also gathered from Spain, presented the lowest EC50 values 
(0.02 mg/mL; Morales et al. 2013). Traditionally, most of them are eaten cooked; 
however, they are sometimes boiled and fried in olive oil with garlic, as the fleshy 
midribs of Silybum marianum. Cichorium intybus and Papaver rhoeas are eaten 
raw in salads as well. Chicory and poppy are also used in traditional medicine due 
to their effectiveness in digestive disorders, nervousness, insomnia, respiratory dis-
orders, among others (Benítez et al. 2008; Carvalho and Morales 2010; Carvalho 
2010; Tardío 2010). Furthermore, Glechoma hederacea L. from Portugal revealed 
the highest phenolic content (196.61 mg GAE/g).

Borago officinalis samples obtained from Italy had lower phenolic content 
(97 mg chlorogenic acid equivalents/g extract) but slightly higher DPPH scaveng-
ing activity and β-carotene bleaching inhibition capacity (Conforti et al. 2008) when 
compared with the samples of the same species obtained from Portugal (Pereira 
et al. 2011).

Cichorium intybus samples obtained from Italy presented higher phenolic con-
tent, expressed in gallic acid equivalents (GAE), DPPH scavenging activity, and 
β-carotene bleaching inhibition (190 mg GAE/g; 0.026 and 0.10 mg/mL, respec-
tively) (Conforti et al. 2009) than those gathered from Spain and Greece. More-
over, chicory obtained from Spain had the highest reducing power and TBARS for-
mation inhibition (0.57 and 0.02 mg/mL, respectively). Foeniculum vulgare Mill. 
(fennel), Papaver rhoeas L. and Sonchus oleraceus L. (smooth sow thistle) from 
Italy presented the highest DPPH scavenging activity (0.148, 0.049 and 0.164 mg/
mL, respectively) and β-carotene bleaching inhibition capacity (0.046, 0.007 and 
0.065 mg/mL, in that order) when compared with the same species from other coun-
tries (Table 10.2). Fennel and poppy leaves also presented the highest activity for 
TBARS assay (0.24 and 0.283 mg/mL, respectively), according to Conforti et al. 
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(2009), and Papaver rhoeas from Italy presented the highest levels of phenolics 
(72 mg GAE/g). Rorippa nasturtium-aquaticum (L.) Hayek (watercress) from Por-
tugal showed higher phenolics (50.42 mg GAE/g extract) and DPPH scavenging 
activity (0.13 mg/mL) but lower reducing power (0.20 mg/mL) than the sample 
from Turkey (Özen 2009).

It is remarkable that the edible leaves of Anchusa azurea, Borago officinalis, 
Cichorium intybus, Papaver rhoeas, Rumex pulcher, and Silybum marianum ex-
hibit higher antioxidant activity measured by one or more different assays than the 
other species. Special attention should be paid to Anchusa azurea leaves gathered 
in Spain (Morales et al. 2013), which revealed the highest antioxidant activity in all 
the assays reviewed.

10.2.2  Wild Species Providing Wild Asparaguses

Sprouts and young shoots (asparaguses) of different plants are also considered ed-
ible in southern countries. Asparagus acutifolius L. (Asparagaceae), Bryonia dio-
ica Jacq (Cucurbitaceae), Humulus lupulus L. (Cannabaceae), Tamus communis L. 
(Dioscoreaceae), and Rubus species (Rosaceae) are some examples of these type of 
wild edibles usually gathered in early spring while tender and still lacking flower 
buds (Tardío et al. 2006; Carvalho 2010).

Data on antioxidant activity in young shoots of four wild Mediterranean species 
are also shown in Table 10.2. The highest phenolic content was found in Tamus 
communis L. (black bryony) from Portugal (758.99 mg GAE/g).

Asparagus acutifolius L. (wild asparagus), Bryonia dioica Jacq. (white bryony), 
and Tamus communis from Portugal (Martins et al. 2011) had higher antioxidant 
activity, with the exception of the TBARS assay, when compared with samples from 
Spain (Morales et al. 2012).

Edible parts of Tamus communis should be remarked for the coincident results 
found through the different antioxidant assays performed, revealing a high antioxi-
dant potential.

10.2.3  Plants Used for Seasoning and Flavoring

Seasoning and preserving food are still common procedures that have an influence 
on the traditional cuisine and are fundamental to many regional recipes, particularly 
in rural areas. Many species with natural flavors are used as additives for enhancing 
the taste and smell of food but their bioactive properties are also important as food 
preserves (Dias and Dias 2006; Pardo-de-Santayana et al. 2007).

In former times, such species were related to nutritional needs, especially during 
those famine periods when wild edible plants were the main source of nourishment 
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for rural families. Moreover, different sauces and pastes were prepared with herbs 
and stored in glass bottles to use all through the year (Póvoa et al. 2009; Carvalho 
and Morales 2010). An interesting example is the traditional piso from southern 
Portugal, a paste made of Mentha pulegium L. or M. cervina L (Lamiaceae), crushed 
with garlic and salt and then covered with olive oil. Experimental assays proved that 
after a 6-month storage period, food sauces retained their physicochemical proper-
ties and could be used for seasoning (Póvoa et al. 2009).

At least in the Iberian Peninsula, Lamiaceae and Apiaceae are undoubtedly the 
botanical families providing a great number of species used as seasoning and flavor-
ing agents although many others are also used, such as some Fabaceae like Ptero-
spartum tridentatum (L.) Willk. and Cytisus sp. pl., Alliaria petiolata (M. Bieb.) 
Cavara & Grande (Brassicaceae) and Allium ampeloprasum L., A. schoenoprasum 
L. and A. triquetum L. (Amaryllidaceae) (Pardo-de-Santayana et al. 2007; Carvalho 
2010). Many of these species are also included in the preparation of different fresh 
beverages, liqueurs, and herbal teas drunk daily or after meals (Carvalho 2010; 
Sõukand et al 2013)

Data regarding flowers and inflorescences of Foeniculum vulgare, Mentha pule-
gium L. (pennyroyal), Origanum vulgare L. (oregano), Rosa canina L. (dog rose), 
Sambucus nigra L. (elder), and Thymus mastichina L. (mastic thyme), widespread 
Mediterranean perennial herbs traditionally used for medicinal purposes and sea-
soning, are also listed in Table 10.3.

Of all the species mentioned in Table 10.3, Mentha pulegium and Origanum vul-
gare are two of the most studied species. Mentha pulegium from Portugal presented 
the highest reducing power and β-carotene bleaching inhibition capacity (0.12 and 
0.01 mg/mL, respectively, Fernandes et al. 2010); Origanum vulgare from Portugal 
had the highest amount of total phenolics (368 mg GAE/g) and the lowest EC50 
values (highest antioxidant activity) for the TBARS assay (0.01 mg/mL, Barros 
et al. 2010a), whereas the same species from Turkey presented the highest DPPH 
scavenging activity (0.01 mg/mL, Şahin et al. 2004). The flowers of these two spe-
cies should be highlighted for their high antioxidant capacity measured by different 
assays, with coincidences among studies performed with samples from different 
origins, showing their higher antioxidant potential compared with flowers of other 
species.

10.2.4  Wild Edible Fruits

Regarding wild Mediterranean fruits, five wild species were reviewed: Arbutus un-
edo L. (strawberry-tree), Crataegus monogyna Jacq. (common hawthorn), Prunus 
spinosa L. (blackthorn), Rosa canina L., and Rubus ulmifolius Schott (blackberry), 
and the results are summarized in Table 10.4.

Arbutus unedo from Algeria presented the highest antioxidant potential for radi-
cal scavenging activity and reducing power (0.006 and 0.001 mg/mL, Boulanouar 
et al. 2013), but Crataegus monogyna from Spain showed the lowest EC50 values 
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for lipid peroxidation assays, such as β-carotene bleaching inhibition and TBARS 
assay (0.02 mg/mL, Morales et al. 2013a). The sample from Portugal revealed the 
highest phenolic content, expressed in mg per g of extract (247 mg GAE/g, Barros 
et al 2011c). The different units used for expression of the results of antioxidant ac-
tivity of plant material make the comparison of data difficult (Table 10.4). However, 
Arbutus unedo and Crataegus monogyna are two of the fruits which reported the 
highest values in the Folin–Ciocalteu assay.

10.2.5  Underutilized and Underexploited Species

Many plant resources, growing as wild plants or that have been naturalized growing 
on their own, are well adapted to different ecological situations and have great po-
tential to be exploited. This is the case of many leafy vegetables from the Fabaceae, 
Brassicaceae, and Amaryllidaceae families that have a surprising number of edible 
species and varieties. A number of them are naturalized from old crops and long-
time introduced specimens. Lentils, peas and wormseed ( Chenopodium ambrosi-
oides L.) are some examples. Leeks and wild garlic, for instance, also have great 
potential that sometimes is forgotten and not used (Carvalho 2010).

Wild fruits and aromatic species used to be commonly preserved and stored for 
consumption during long and hard winters. These are species, such as Rosa sp. pl. 
and many others from woods, scrubland, riversides, and natural prairies or mead-
ows, that have become underutilized because various staple products from the retail 
market or cultivated for daily meals are now offered or more accessible (Carvalho 
and Morales 2010). However, experimental research shows that some of them have 
great antioxidant potential (Barros et al. 2010b, 2011a, b).

In rural areas from the Iberian Peninsula, people have brought some of the most 
popular wild plants used as food additives and beverages from the wild to grow in 
their home gardens, in order to make them easily available (Carvalho and Morales 
2010). This behavior shows that some species can be easily adapted to cultivation 
providing sustainable use without endangering wild populations (see Chap. 5).

10.3  Concluding Remarks

A widespread traditional use of many wild botanicals (e.g. leafy vegetables, flow-
ers, fruits and seeds) as food was the starting point of experimental research on the 
antioxidant potential of several plants in Mediterranean regions. The diversity of 
phytochemicals, present in different edible parts of selected species, provides anti-
oxidant properties with potential health benefits. Whenever possible, data obtained 
were systematically compared with other studies already published. The antioxidant 
activity results, using the same methodology, can be expressed differently (e.g. EC50 
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or as trolox equivalents); therefore, in some cases it is very difficult to compare 
results.

Overall, leaves of Anchusa azurea, Apium nodiflorum, Borago officinalis, 
Cichorium intybus, Papaver rhoeas, Rumex pulcher, and Silybum marianum; young 
shoots of Tamus communis; flowers and inflorescences of Mentha pulegium and 
Origanum vulgare; and fruits of Arbutus unedo and Crataegus monogyna stand out 
among others for their antioxidant potential. Moreover, it can be highlighted that, in 
general, fruits were the most active plant part (EC50 values of all the assays ranged 
between 0.001 and 5.4 mg/mL), whereas in most cases, leaves reported lower anti-
oxidant activity (EC50 values between 0.01 and 13 mg/mL).

There are also numerous publications of the antioxidant potential and bioactive 
compounds present in the same parts of the reviewed 32 species from other coun-
tries that do not belong to the Mediterranean. Asparagus acutifolius from Brazil 
(Tiveron et al. 2012), China (Shou et al. 2007), USA (Sun et al. 2007a and b), and 
Poland (Vinson et al. 1998); Borago officinalis from Lithuania (Bandoniene and 
Murkovic 2002; Bandoniene et al. 2005); Crataegus monogyna fruits from France 
(Froehlicher et al. 2009); Foeniculum vulgare from Iran (Motamed and Naghibi 
2010); Rorippa nasturtium-aquaticum from Iran (Bahramikia and Yazdanparast 
2010), Denmark (Justesen and Knuthsen 2001), Brazil (Hassimotto et al. 2009), 
and Australia (Lako et al. 2007); Rosa canina from Austria (Wenzig et al. 2008) 
and Denmark (Kirkeskov et al. 2011); Sambucus nigra from Austria (Rieger et al. 
2008) and USA (Wu et al. 2004) are some examples of wild species studied out of 
the Mediterranean area.
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Chapter 11
Antimicrobial Potential of Wild Edible 
Herbaceous Species

Donato Di Venere, Maria Antonia Gatto, Antonio Ippolito and Vito V. Bianco

11.1  Wild Edible Herbaceous Species in the 
Mediterranean Countries

All countries overlooking the Mediterranean basin possess a varied germplasm of 
wild edible herbaceous species, with Turkey, Spain, and Italy having the richest 
floras (Aedo et al. 2013). According to unpublished data gathered by one of us 
(VV Bianco), Italy probably has one of the highest numbers of wild herbs utiliz-
able as food and condiment. Studies on botanical, agronomical, gastronomic, and 
nutritional aspects of wild edible herbaceous plants existing in Italy have been un-
dertaken by Bianco since 1964. In the first published work (Bianco 1969), 113 spe-
cies were reported. In the successive study (Bianco 1989), 360 taxa belonging to 
66 families and 230 genera were listed. Afterwards, the results released by Bianco 
and Machakova (2002) showed that the number of taxa has reached 808, belonging 
to 91 families and 403 genera. Nowadays, according to the latest data of Bianco, 
the taxa utilizable as food and condiment herbs may reach 1078, corresponding 
to 14 % of the total number of taxa surveyed for the Italian vascular flora (Conti 
et al. 2005). They belong to 96 families, the most important being the following: 
Asteraceae (18.7 %), Brassicaceae (7.7 %), Lamiaceae (7.1 %), Apiaceae (6.6 %), 
Fabaceae (5.5 %), Polygonaceae (3.8 %), Chenopodiaceae (3.2 %), Boraginaceae 
(2.5 %), Alliaceae (2.4 %), and Malvaceae (2.0 %), and 451 genera, where the most 
represented are the following: Allium (26), Rumex (21), Lathyrus (15), Chenopo-
dium (14), Crepis (13), Vicia (12), Amaranthus, Malva, and Plantago (9). Leaves 
are the most used organ in culinary preparation (about 70 % of the taxa), followed 
by tender stems (45 %), flowers (18 %), and roots (16 %); fruits, rhizomes, bulbs, 
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inflorescences, tender pods, petioles, and midribs show values less than 3 %. Of the 
total number of taxa, about 42 % are used to prepare salads, while 23 % are used 
for making soups, 21 % are boiled, 18 % are eaten raw, 17 % are used as condi-
ments, 10 % are prepared as omelets, 5 % are pickled in vinegar or olive oil, 3 % are 
roasted, and 3 % are used for filling pies. With reference to the period in which they 
were reported for the first time in Italy, about 13 % were mentioned by authors of 
the Roman period, 9 % from the Middle Ages, and 30 % were reported for the first 
time in 1500–1599. The remaining were reported after 1600. With the aim to protect 
the endangered species and to meet the growing demands of consumers, the cultiva-
tion of about 20 % of species has been recently attempted.

Although the number of taxa of wild edible herbs present in each one of the 20 
countries bordering the Mediterranean Sea amounts to several hundreds, only a 
relatively small number of them are used in those countries. A survey carried out to 
verify the presence of wild edible species common in all 20 Mediterranean coun-
tries showed that 20 species were the most representative, being present and utilized 
for several purposes in almost all Mediterranean countries: Amaranthus retroflexus 
L., Beta vulgaris L. subsp. maritima (L.) Arcang., Borago officinalis L., Capsella 
bursa-pastoris (L.) Medik., Cichorium intybus L., Eruca vesicaria (L.) Cav., Foe-
niculum vulgare Mill., Malva sylvestris L., Nasturtium officinale R. Br., Papaver 
rhoeas L., Portulaca oleracea L., Raphanus raphanistrum L., Rumex crispus L., 
Scolymus hispanicus L., Silybum marianum (L.) Gaertn., Sinapis alba L., Sonchus 
oleraceus L., Taraxacum officinale Weber ex F.H. Wigg., Urospermum picroides 
(L.) Scop. ex F.W. Schmidt, and Urtica dioica L. To our knowledge, all the above-
mentioned species are present in all 20 countries of the Mediterranean basin, except 
for U. dioica at Malta and Cyprus, F. vulgare at Cyprus, and A. retroflexus in Tuni-
sia, where the occurrence of these species is doubtful. Most of the 20 species belong 
to Asteraceae (6) and Brassicaceae (5) families, which are the most important fami-
lies within the vascular flora of the 20 considered countries; the other represented 
families are Amaranthaceae (2), Apiaceae (1), Boraginaceae (1), Malvaceae (1), 
Papaveraceae (1), Polygonaceae (1), Portulacaceae (1), and Urticaceae (1).

The abovementioned species are used to prepare traditional dishes and show 
good nutritional properties. They are also utilized as condiments, as wildflowers 
(for ornamental purposes, found at such places as urban traffic islands, edge of 
roads, and highways), or in traditional medicine to treat various ailments. Some of 
them ( Capsella bursa-pastoris, Cichorium intybus, M. sylvestris, Papaver rhoeas, 
Portulaca oleracea, Scolymus hispanicus, Silybum marianum, Sonchus oleraceus, 
T. officinale, and U. dioica) are utilized as food for animals; some of them ( B. 
vulgaris, C. intybus, F. vulgare, M. sylvestris, S. alba, and T. officinale) are visited 
by bees to produce honey; most of them show antioxidant and antimicrobial activi-
ties. All the organs of the plant are used, including sprouted seeds and immature 
pods. Twelve of these 20 species ( Beta vulgaris, Borago officinalis, C. intybus, E. 
vesicaria, F. vulgare, M. sylvestris, N. officinale, R. crispus, Scolymus hispanicus, 
Sonchus oleraceus, Urospermum picroides, and Urtica dioica) were already known 
and used in traditional popular medicine in the Greek and Roman periods.
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All the considered species are rich in nutritionally important vitamins, some 
of which (i.e., vitamin C) also provide antioxidant activity (see Chaps. 6 and 10). 
Some studies report the vitamin C content of P. rhoeas, A. retroflexus, and U. dioica 
(more than 150 mg/100 g) in the range of sweet pepper, one of the richest sources of 
this vitamin among vegetables, and also B. vulgaris, E. vesicaria, M. sylvestris, C. 
bursa-pastoris between 80 and 100 mg/100 g (Bianco and Machacova 2002; Bian-
co et al. 2007). They are also reported to have considerable pro-vitamin A content, 
in the range 119–508 μg RAE/100 g ( E. vesicaria and T. officinale, respectively), 
compared to the content of 835 μg RAE/100 g reported for carrot (USDA, National 
Nutrient Database 2011). As for α-tocopherol, the strongest antioxidant form among 
all tocopherols, the highest content (3.1 mg/100 g) was recorded in E. vesicaria by 
Vardavas et al. (2006); it was found in the range 0.29–1.70 mg/100 g in B. vulgaris, 
C. intybus, F. vulgare, P. rhoeas, S. oleraceus, and U. picroides (Simopoulos 2004; 
Vardavas et al. 2006; Morales et al. 2014).

Besides the abovementioned compounds, the considered species are also very 
rich in polyphenols, which represent another important class of bioactive molecules 
with antioxidant (see Chap. 10) and antimicrobial activities. Due to the presence 
of considerable amounts of polyphenols, the studied species are interesting both 
from a nutraceutical point of view, being used as food or natural drugs, as well as 
for agro-industrial applications, as a source of antimicrobial substances potentially 
exploitable as natural biopesticides or food preservatives (Gatto et al. 2011).

11.2  Phenolic Compounds: Natural Antimicrobials 
Widely Spread in the Plant Kingdom

Phenolic compounds are important secondary metabolites occurring in plants (see 
Chap. 9) with a wide variety of polyphenolic structures (Bravo 1998). Polyphenols 
are very widely distributed in plant foods, including fruits, vegetables, nuts, seeds, 
flowers, and barks. In regards to the beneficial properties for human health, many 
phenolic compounds have been reported to possess potent antioxidant activity and 
to have anticarcinogenic/antimutagenic, antiatherosclerotic, antibacterial, antiviral, 
and anti-inflammatory activities (Veeriah et al. 2006; Baidez et al. 2007; Han et al. 
2007; Miccadei et al. 2008; Huang et al. 2010; Mileo et al. 2012). Moreover, in the 
agricultural field, phenolic compounds represent a rich source of biocides and pre-
servatives that have been explored for a long time as postharvest alternative control 
means (Ippolito and Nigro 2003; Lattanzio 2003). In particular, many studies have 
pointed out the antimicrobial efficacy of certain classes of phenolic compounds, 
such as hydroxybenzoic acid derivatives (Lattanzio et al. 1996; Amborabé et al. 
2002; Veloz-García et al. 2010), coumaric and caffeic acid derivatives (Zhu et al. 
2004; Widmer and Laurent 2006; Korukluoglu et al. 2008), flavonoids and couma-
rins (Ojala et al. 2000; Ortuño et al. 2006; Sanzani et al. 2009a; Sanzani et al. 2014), 
catechin, epicatechin, proanthocyanidins, and tannins (Di Venere et al. 1998; Terry 
et al. 2004; Engels et al. 2009; Parashar et al. 2009; Yoshida et al. 2009). Moreover, 
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some authors have studied the relationship between molecular structure and anti-
microbial activity of some phenolic compounds (Lattanzio et al. 1994; Amborabé 
et al. 2002; Bisogno et al. 2007).

Plants contain different groups of phenolic compounds including simple phe-
nols, phenolic acids (e.g., rosmarinic, carnosic acid), anthocyanins (delphinidin), 
hydroxybenzoic acids (vanillic acid), hydroxycinnamic acid (ferulic and chlorogen-
ic acids), tannins (procyanidin, tannic acid), lignans (sesaminol), stilbenes (resvera-
trol), coumarins (α-coumarin), essential oil components (limonene, carvacrol—also 
called cymophenol, and eugenol), flavonoids (apigenin, quercetin, catechin, rutin) 
(Charles 2013). The synthesis of mono- and polyphenolic compounds is from car-
bohydrates by way of shikimic acid, phenylpropanoid, and flavonoid biosynthetic 
pathways (Lattanzio 2003; Fresco et al. 2006).

Catechol and pyrogallol are hydroxylated phenols with two and three hydroxyl 
(–OH) groups, respectively; both of them were shown to be toxic to microorgan-
isms. The site(s) and number of hydroxyl groups on the aromatic ring are prob-
ably responsible for their relative toxicity to microorganisms, with evidence that 
increased hydroxylation results in increased toxicity (Cowan 1999). In addition, a 
positive relationship between the presence of oxidized phenols and the inhibitory 
activity has been reported (Scalbert 1991).

Phenolic acids are a major class of phenolic compounds, widely occurring in 
the plant kingdom, and include hydroxybenzoic acids (e.g., gallic acid, p-hydroxy-
benzoic acid, protocatechuic acid, vanillic acid, and syringic acid) and hydroxy-
cinnamic acids (e.g., ferulic acid, caffeic acid, p-coumaric acid, chlorogenic acid, 
and sinapic acid). Natural phenolic acids, either occurring in the free or conjugated 
forms, usually appear as esters or amides.

Phenolic compounds possessing a C3 side chain at a lower level of oxidation and 
containing no oxygen are classified as essential oils and often cited as antimicrobial 
as well. Eugenol is a well-characterized representative considered bacteriostatic 
against both fungi and bacteria (Cowan 1999).

Several other polyphenols are considered as phenolic acid analogues or deriva-
tives, such as capsaicin, rosmarinic acid, gingerol, gossypol, tyrosol, hydroxytyro-
sol, ellagic acid, chlorogenic acid, dicaffeoylquinic acids, chicoric acid, and sal-
vianolic acid B (Cai et al. 2004, 2006; Fresco et al. 2006; Han et al. 2007). Red 
fruits (blueberry, blackberry, strawberry, black currant, red currant, etc.) are rich in 
hydroxycinnamic acids (caffeic, ferulic, p -coumaric acid) and p–hydroxybenzoic 
and ellagic acid, and several vegetables (artichoke, chicory, lettuce, etc.) are rich in 
caffeic acid derivatives. Rosmarinic acid is found in many dietary spices belonging 
to Lamiaceae family such as mint, sweet basil, oregano, rosemary, sage, and thyme 
(Shan et al. 2005), and in some herbaceous species belonging to Boraginaceae fam-
ily used for food or medicinal purposes, according to unpublished data collected by 
one of us (D Di Venere) and other authors (Petersen and Simmonds 2003; Mehra-
bani et al. 2005; Garcia-Herrera 2014).

Flavonoids have been recognized as one of the largest and most widespread 
groups of plant secondary metabolites, with marked antioxidant and antimicro-
bial properties. They are found in leaf epidermis and fruit skins in high concen-
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trations and have important functions in plants as secondary metabolites involved 
in processes such as pigmentation, protection against UV radiation, and disease 
resistance. They are characterized by a C6–C3–C6 configuration consisting of two 
aromatic rings (A and B) and can readily participate in hydrogen-donating, radical-
scavenging, and metal-chelating mechanisms (Lattanzio 2003).

The major subclasses of flavonoids are the flavonols, flavones, flavanols, chal-
cones, flavanones, flavanonols, anthocyanins, and isoflavonoids. Flavonols are the 
most widespread flavonoids and numerous flavonol conjugates exist with more than 
200 different sugar conjugates of kaempferol. Anthocyanins, including anthocyani-
dins (cyanidin, delphinidin, malvidin, peonidin, and pelargonidin) and their glyco-
sides, are widely distributed in fruits, vegetables, and cereals, but they are scarcely 
represented in herbs. On the contrary, chalcones (butein, phloretin sappanchalcone, 
carthamin, etc.) are detected in herbs (Charles 2013).

The presence of phenolic compounds in wild edible herbs has been widely re-
ported in the literature (Di Venere et al. 2004; Katalinic et al. 2006; Surveswaran 
et al. 2007; Wojdyło et al. 2007; Antal 2010). Moreover, many papers showed sig-
nificant correlations between phenolic content and antioxidant activity of herbs and 
vegetables (Moreno et al. 2006; Borneo et al. 2009; Chao et al. 2014; Lin et al. 
2014). Many authors evaluated the total phenolic content of numerous species and 
reported results not always in agreement with each other. This was caused by differ-
ent reasons, such as the use of different analytical methods and ways to express the 
quantitative results but principally by the different factors (environmental, pedo-
climatic, seasonal, etc.) influencing the phenolic content of herbs (Schena et al. 
2007). On the other hand, the qualitative phenolic composition of wild edible herbs 
has been less investigated and little information is available on this topic. Phenolic 
composition is scarcely influenced by the abovementioned factors; so, High Perfor-
mance Liquid Chromatography (HPLC) phenolic profile is generally a character-
istic of a certain species and could be a useful chemotaxonomic means for species 
identification (Di Venere et al. 2009).

As for the abovementioned 20 edible species representative of all Mediter-
ranean countries, many authors have reported data regarding their total phenolic 
content. Simopoulos et al. (2004) found Foeniculum vulgare richer in total phe-
nols (83 mg/100 g) than Sonchus oleraceus, Urospermum picroides, and Papaver 
rhoeas. The phenolic content of F. vulgare and S. oleraceus (about 300 mg/100 g) 
was also evaluated by Vanzani et al. (2011), which also reported a content of about 
1050 mg/100 g for Rumex crispus. The phenolic content of F. vulgare, expressed as 
dry weight (DW), was also reported by Barros et al. (2009) (66 mg/g DW), Morales 
et al. (2012) (42 mg GAE/g extract, GAE = gallic acid equivalent), and Hinneburg 
et al. (2006) (30 mg GAE/g extract).

Di Venere et al. (2004) evaluated by HPLC the total phenolic content of Son-
chus oleraceus and Cichorium intybus (420 and 868 mg/100 g, respectively); the 
contribution of the sole caffeic acid derivatives to the total phenolic content was 
estimated as 272 and 588 mg/100 g, respectively. Comparable values for phenolic 
content of S. oleraceus and C. intybus (75–157 and 48–107 mg/g DW, respectively) 
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were reported by Schaffer et al. (2005), which also reported a phenolic content of 
34–286 mg/g DW for Papaver rhoeas.

The phenolic content of Eruca vesicaria was reported by Lee et al. (2004) 
(136 mg/100 g) and Arbos et al. (2010) (109 mg GAE/100 g). Proestos et al. (2005) 
found 4.5 mg GAE/g DW of total phenolics in Malva sylvestris, whereas Wojdyło 
et al. (2007) 4.8 mg GAE/g DW in Silybum marianum; Aberoumand and Deokule 
(2008) evaluated in 586 mg/100 g DW the total phenolic content of Portulaca ol-
eracea.

The phenolic content of Taraxacum officinale was evaluated by many authors 
with different results; Proestos et al. (2005) and Wojdyło et al. (2007) reported a 
phenolic content of 5.4 mg GAE/g DW and 12.6 mg GAE/100 g DW, respectively. 
On the other hand, Gatto et al. (2011) evaluated by HPLC the total phenolic content 
of T. officinale, Sonchus oleraceus, Borago officinalis, and other species, finding 
values of about 2720, 2200, and 580 mg/100 g DW, respectively. For B. officinalis 
they found that about 40 % of total phenolic content is represented by caffeic acid 
derivatives, principally by one of them, probably rosmarinic acid, as already identi-
fied (Wettasinghe et al. 2001); the remaining phenolics are represented by quercetin 
and kaempferol derivatives in about equal proportion. Moreover, they found that 
about 90 and 60 % of the total phenolic content for T. officinale and S. oleraceus, re-
spectively, can be ascribed to chicoric acid, and the remaining 10 % for T. officinale 
and about 20 % for S. oleraceus to other caffeic acid derivatives (i.e., chlorogenic 
and caftaric acids).

Regarding the flavonoids, Gatto et al. (2011) reported the presence of luteo-
lin-7-glucoside in T. officinale (40 mg/100 g DW) and of luteolin-7-glucoside and 
apigenin-7-glucoside in S. oleraceus (360 and 170 mg/100 g DW, respectively). 
Yang et al. (2008) reported the total flavonoid content of Eruca vesicaria, Nas-
turtium officinale, Amaranthus retroflexus, and T. officinale (49.1—37.5—9.2—
6.2 mg/100 g, respectively). Moreover, they specified the distribution in the differ-
ent types of flavonoids; in Eruca vesicaria they found quercetin and kaempferol de-
rivatives (8.7 and 36.5 mg/100 g, respectively), in N. officinale the presence of only 
kaempferol derivatives (35.1 mg/100 g), whereas in A. retroflexus they found only 
quercetin derivatives (9.2 mg/100 g), and in T. officinale only luteolin derivatives 
(6.2 mg/100 g), this latter result being in accordance with Gatto et al. (2011). Lee 
et al. (2004) reported, for E. vesicaria, a total flavonoid content of 46 mg/100 g, in 
accordance with Yang et al. (2008). Glycosides of quercetin, kaempferol, and isor-
hamnetin in E. vesicaria were also reported by Di Venere et al. (2000) and Cartea 
et al. (2011), the latter authors also mentioning the presence of seven quercetin and 
ten kaempferol glycosides in N. officinale. Trichopoulou and Vasilopoulou (2000) 
reported the presence of good amounts of quercetin, myricetin, isorhamnetin, and 
kaempferol in Foeniculum vulgare (47-20-9 and 7 mg/100 g, respectively). Morales 
et al. (2012) evaluated the total flavonoid content of F. vulgare (10 mg catechin 
equivalent/g extract), whereas Wojdyło et al. (2007) that of Silybum marianum 
(239 mg/100 g DW). In Cichorium intybus, quercetin and kaempferol derivatives 
(222 and 58 mg/100 g, respectively) were found by Di Venere et al. (2004). In Cap-
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sella bursa-pastoris, Grosso et al. (2011) found kaempferol-3-0-rutinoside, querce-
tin 3-0-glucoside, and quercetin 6-C-glucoside (2180–1241 and 564 mg/kg DW).

The presence of phenolic compounds in wild edible species, as highlighted by 
several studies, may have a close relationship with their biological activity against 
many harmful microorganisms, as it will be described below.

11.3  Antimicrobial Activity of Phenol-Rich Extracts from 
Wild Edible Herbs

Natural products extracted from plants, either as pure compounds or as standard-
ized extracts, provide unlimited opportunities to control microbial growth owing 
to their chemical diversity. Plant extracts have shown a considerable promise in a 
range of applications in the food industry and several plant extracts enjoy generally 
recognized as safe (GRAS) status (Negi 2012). Many herbs and spice extracts pos-
sess antimicrobial activity against a range of bacteria, yeast, and moulds (Raybaudi-
Massilia et al. 2009; Tajkarimi et al. 2010; Gatto et al. 2011; 2013). The mechanism 
of action for the antimicrobial activity of natural preservatives is not fully under-
stood; however, membrane disruption by terpenoids and phenolics, metal chelation 
by phenols and flavonoids, and effect on genetic material by coumarin and alkaloids 
are thought to inhibit the growth of microorganisms (Cowan 1999).

Evidence from literature shows the powerful antimicrobial action exerted by 
phenolics against several pathogens of human as well as plant interest. However, 
when total plant extracts were used as antimicrobial agents, their complex composi-
tion and the possible contribution of all natural components to the activity have to 
be considered (Negi 2012).

Phenolic compounds change membrane functioning, influencing protein-to-lipid 
ratios in the membrane (Keweloh et al. 1990) and inducing efflux of potassium ions 
(Heipieper et al. 1991). Catechins have been shown to disrupt membrane integrity, 
as they cause leakage from liposomes (Ikigai et al. 1993). Catechins and epigal-
locatechin gallate interact in the outer polar zone of lipid bilayers in liposomes 
and cause membrane disruption (Terao et al. 1994; Hashimoto et al. 1999). Vanil-
lin showed antimicrobial effect by affecting membrane functions (Vaara 1992) and 
through the inhibition of respiration in several bacteria (Fitzgerald et al. 2004).

The antimicrobial activity against numerous pathogens of selected flavonoids 
and the antimicrobial mechanisms of action have been reviewed by Cushnie and 
Lamb (2005). They reported many discrepancies present in the literature on the 
flavonoid antimicrobial activity as well as many references about structure-activity 
relationship. As the mechanism of action of the different flavonoids, they reported 
the inhibition of some important cellular functions (i.e., nucleic acid synthesis, cy-
toplasmic membrane functionality, and energy metabolism) as the most common 
cause of their antimicrobial activity (Cushnie and Lamb 2005).

Testing the effectiveness of seven phenolic compounds (esculetin, ferulic acid, 
quercetin, resveratrol, scopoletin, scoparone, and umbelliferone) in controlling 
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Penicillium expansum growth and patulin accumulation, two of them (quercetin and 
umbelliferone) proved to be effective in reducing patulin production, particularly 
when applied in combination, without consistently affecting mycelial growth (San-
zani et al. 2009a). The same substances were tested also in vivo on Granny Smith 
and Golden Delicious apples, with quercetin providing a better control of both in-
cidence of decay and disease severity as compared to umbelliferone. Studies on the 
mode of action of quercetin and umbelliferone demonstrated that a downregulation 
of genes likely involved in patulin biosynthesis, such as isoepoxydon dehydroge-
nase (IDH), 6-methylsalicylic acid synthase (msas), and an ATP-binding cassette 
transporter (peab1) was responsible for the observed activity (Sanzani et al. 2009b). 
Moreover, by suppression subtractive hybridization (SSH), it was demonstrated that 
quercetin was also able to induce resistance in apples against blue mould, by acting 
on the transcription level of various genes involved in several distinct metabolic 
processes coding pathogenesis-related proteins (RNase-like PR10 and PR8), or pro-
teins expressed under stress conditions (Sanzani et al. 2010).

11.3.1  Antibacterial Activity

Since antiquity, plant extracts and, in particular, essential oils have been used to 
treat common diseases as infectious pathologies in the respiratory system, urinary 
tract, and gastrointestinal and biliary systems, as well as on the skin. Scientific lit-
erature is full of papers reporting the antimicrobial properties of every kind of plant 
extracts and essential oils.

One of the first studies on this topic, dealing with the antibacterial activity of 
aqueous extracts from Crepis vesicaria against Staphylococcus aureus, dates back 
to the 1940s (Heatley 1944).

Recently, Borchardt et al. (2008) reported data regarding the antimicrobial activ-
ity of extracts obtained from leaves of several species common in the USA against 
important bacteria, that is, Staphylococcus aureus, Escherichia coli, and Pseudo-
monas aeruginosa.

Kokoskova et al. (2011) reported the effectiveness of essential oils from Melissa 
officinalis, Mentha arvensis, Nepeta cataria, Origanum vulgare, and Thymus vul-
garis against Erwinia amylovora, Pseudomonas syringae, Pseudomonas fluores-
cens, Pantoea dispersa, and Pantoea agglomerans.

The efficacy of extracts from Bidens pilosa, Eclipta prostrata, and Plantago 
major was tested against some important infectious bacteria (i.e., Staphylococcus 
aureus, Bacillus anthracis, Salmonella typhi, E. coli, and Streptococcus fecalis); 
among them, Bidens pilosa extract showed the best antibacterial activity against all 
the tested microorganisms (Wong-Leung 1988). Adelapo et al. (2011) reported the 
antibacterial activity of acetone, methanol, and water extracts obtained from leaves 
of Bidens pilosa and Chenopodium album against several Gram-positive ( Bacillus 
cereus, Staphylococcus epidermis, Staphylococcus aureus, Micrococcus kristinae, 
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and Streptococus pyrogens) and Gram-negative ( E. coli, Salmonella pooni, Serratia 
marcescens, Pseudomonas aeruginosa, and Klebsiella pneumoniae) bacteria.

Proestos et al. (2005) studied the antimicrobial activity of many extracts from 
different plants (i.e., Salvia officinalis, Thymus vulgaris, Origanum majorana, etc.) 
against E. coli, Salmonella enteridis, Staphylococcus aureus, Listeria monocito-
genes, and B. cereus.

Furthermore, the extract obtained from Teucrium chamaedrys was shown as the 
most active against Listeria monocitogenes (Proestos et al. 2005).

The extract of Thalictrum minus was found highly active against Staphylococcus 
aureus, S. epidermis, and Micrococcus luteus (Lotfipour et al. 2008).

Leaf extracts from some Amaranthus spp. (i.e., A. hybridus, A. spinosus, and A. 
caudatus) showed antimicrobial activity against E. coli, Salmonella typhi, Pseu-
domonas aeruginosa, Proteus mirabilis, and Klebsiella pneumoniae (Maiyo et al. 
2010).

Among the 20 previously mentioned Mediterranean species, most of them are 
reported to have antimicrobial properties. The main findings regarding their anti-
bacterial activity can be summed up as follows:

Beta vulgaris Its extracts were found to be active against Staphylococcus aureus, 
B. cereus, Citrobacter freundii, and Salmonella typhimurium (Velićanski et al. 
2011), and against Klebsiella pneumoniae, E. coli, Salmonella typhi, Staphylococ-
cus aureus, and Bacillus subtilis (Hussain et al. 2011).

Borago officinalis The antibacterial activity of the aqueous extracts obtained from 
leaves was recently assayed against several bacteria (42 strains of Listeria monoci-
togenes, 35 strains of Staphylococcus aureus, 38 strains of Enterobacter spp., and 
18 strains of Salmonella enterica) commonly associated with foodborne diseases 
(Miceli et al. 2014). Aqueous and acetone extracts from flowers were also found 
active against L. monocitogenes and Bacillus subtilis, respectively (Aliakbarlu and 
Tajik 2012).

Capsella bursa-pastoris The activity of its extract against several bacteria and 
yeast was shown by El-Abyad et al. (1990); they suggested such effectiveness could 
be caused by some alkaloids (i.e., yohimbine and ergocristine) and some flavonoids 
(i.e., diosmin) found in the extract. Ethanolic extracts were also found active against 
Streptococcus mutans, Streptococcus sanguis, Actinomyces viscosus, Enterococcus 
faecalis, Staphylococcus aureus, E. coli (Soleimanpour et al. 2013), and against 
Pseudomonas aeruginosa and Klebsiella pneumoniae (Hasan et al. 2013).

Cichorium intybus Its aqueous extracts were found to inhibit Agrobacterium tume-
faciens, Erwinia carotovora, Pseudomonas fluorescens, and P. aeruginosa (Petro-
vic et al. 2004). Ethanolic extracts (both from basal leaves and roots) were found 
active also against a methicillin-resistant Staphylococcus aureus (MRSA) strain 
(Quave et al. 2008), whereas methanolic extracts from roots and leaves showed a 
strong antibacterial activity against E. coli and P. aeruginosa (Verma et al. 2013). 
A slight antimicrobial activity of extracts from aerial parts has been also reported 
by Kokoska et al. (2002). Furthermore, antimalarial activity of lactucin and lactu-
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copicrin, two sesquiterpene lactones isolated from C. intybus roots, was reported 
by Bishoff et al. (2004). Ethyl acetate extracts of this plant were found highly 
active against P. aeruginosa, followed by Bacillus subtilis, Enterobacter cloacae, S. 
aureus, Proteus mirabilis, and E. coli (Stefanovic et al. 2012), while Akroum et al. 
(2009) showed the efficacy of methanolic extracts against B. subtilis, B. cereus, and 
S. aureus.

Eruca vesicaria Its essential oil was found very active against Staphylococcus 
aureus, Pseudomonas aeruginosa, E. coli (Khoobchandani et al. 2010; Gulfraz 
et al. 2011), B. subtilis and Shighella flexneri (Khoobchandani et al. 2010), and 
Salmonella typhi (Gulfraz et al. 2011). Moreover, methanolic extracts of aerial and 
root parts showed slight activity against E. coli, P. aeruginosa, and Shigella flex-
neri (aerial) and Staphylococcus aureus and B. subtilis (root) (Khoobchandani et al. 
2010).

Foeniculum vulgare The essential oil was proved to have antibacterial activity 
against Xanthomonas campestris and Pseudomonas syringae (Lo Cantore et al. 
2004) and against E. coli, Listeria monocitogenes, Salmonella typhimurium, and 
Staphylococcus aureus (Dadalioğlu and Evrendilek 2004). Moreover, methylene 
chloride/methanol 1:1 extracts were found active against E. coli, Proteus vulgaris, 
and Staphylococcus saprophyticus (Zellagui et al. 2011).

Malva sylvestris Proestos et al. (2005) found a slight antimicrobial activity of its 
extracts against E. coli, Listeria monocitogenes, and B. cereus, whereas Dulger and 
Gonuz (2004) showed a good activity, besides B. cereus, against Staphylococcus 
aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Mycobacterium 
smegmatis.

Nasturtium officinale The antibacterial activity of its extracts against S. aureus, 
B. subtilis, and P. aeruginosa was reported (Penecilla and Magno 2011), as well as 
their effectiveness against some foodborne bacteria ( Klebsiella pneumoniae, Shi-
gella spp., Listeria monocitogenes, and Xanthomonas vesicatoria) and some plant-
born bacteria ( Pseudomonas tomato and Erwinia carotovora) (Iseri et al. 2014).

Papaver rhoeas Different extracts were found active against Staphylococcus 
aureus (Ünsal et al. 2009) and against S. aureus, E. coli, and Pseudomonas aerugi-
nosa (Kostic et al. 2010).

Portulaca oleracea Elkhayat et al. (2008) reported the antibacterial efficacy of 
methanol extracts against some Gram-positive ( B. subtilis, Staphylococcus aureus, 
and Streptococcus faecalis—namely Enterococcus faecalis) and Gram-negative ( E. 
coli, Pseudomonas aeruginosa, and Neisseria gonorrhea) strains.

Raphanus raphanistrum The extracts were found active against Campylobater 
jejuni, one of the most common causes of acute enteritis in humans (Kurekci et al. 
2012).

Rumex crispus Its extracts were found to be active against Staphylococcus aureus 
with an efficacy of about 50 % compared to chloramphenicol (Borchardt et al. 2008); 
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it was found active also against a methicillin-resistant S. aureus (MRSA) strain by 
Quave et al. (2008) and against S. aureus and B. subtilis (Yildirim et al. 2001).

Silybum marianum The ethanolic extracts of this plant, known to contain silyma-
rin (a mixture of the three flavolignans silybin, silycristin, and silydianin), were 
found to be active against B. subtilis, Staphylococcus aureus, and Proteus vulgaris 
(Mukarram Shah et al. 2011).

Sinapis alba Methanolic extracts from seeds showed a good antibacterial activity 
against E. coli (Ono et al. 1998).

Sonchus spp. Six species of this genus were investigated for their antibacterial 
activity against several bacteria; among them, Sonchus oleraceus showed the 
highest activity and was found to be effective in inhibiting Gram-positive Staphy-
lococcus aureus and Gram-negative E. coli, Salmonella enterica, and Vibrio para-
haemoliticus (Xia et al. 2011). Jimoh et al. (2011) also compared the antibacterial 
activity of acetone, methanol, and water extracts of Sonchus oleraceus and S. asper 
against Gram-positive B. cereus, Staphylococcus epidermis, S. aureus, Micrococcus 
kristinae, and Streptococus pyrogens and Gram-negative E. coli, Serratia marces-
cens, and Pseudomonas aeruginosa. The water extract obtained from S. oleraceus 
did not show activity against all the tested bacteria; unlike Sonchus asper water 
extract showed to be active against Staphylococcus aureus, M. kristinae, Strep-
tococcus pyrogens, and S. marcescens. All bacteria showed to be susceptible to 
different extents to the other extracts, except Streptococus pyrogens for Sonchus 
oleraceus and Staphylococcus epidermis for S. asper (Jimoh et al. 2011).

Taraxacum officinale Extracts obtained from this plant showed their effectiveness 
against E. coli and Salmonella abony (Ionescu et al. 2013) and against Staphylococcus 
aureus, a multiresistant S. aureus (MRSA) strain, and B. cereus (Kenny et al. 2014).

Urtica dioica Its water extract was tested for antimicrobial activity against several 
bacteria, showing a good effectiveness in inhibiting Micrococcus luteus, Staphy-
lococcus epidermis, E. coli, Proteus mirabilis, Citrobacter koseri, Staphylococ-
cus aureus, Streptococcus pneumoniae, and Enterobacter aerogenes (Gülçin et al. 
2004). A study on the antimicrobial activity of hexane, methanol, and chloroform 
extracts showed the activity of the different extracts against B. cereus, MRSA, and 
Vibrio parahaemoliticus (Modarresi-Chahardehi et al. 2012).

11.3.2  Antifungal Activity

Despite the large number of papers present in literature about the antibacterial ac-
tivity of plant extracts and essential oils against many dangerous bacteria causing 
food spoilage as well as serious diseases in humans, not many studies are available 
on the antifungal properties of such extracts and oils. Some of their main findings 
are reported below.
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The antifungal effects of wild fennel ( Foeniculum vulgare) essential oil against 
the mycelial growth of Alternaria alternata, Fusarium oxysporum, and Rhizoctonia 
solani were reported by Özcan et al. 2006.

Belardi et al. (1986) reported a strong activity of Rosmarinus officinalis and 
Mentha arvensis extracts against Candida albicans, while Diaz Dellavalle et al. 
(2011) reported the efficacy of R. officinalis, Salvia officinalis, and S. sclarea ex-
tracts in inhibiting Alternaria spp.

Iqbal et al. (2012) showed the antifungal activity of Amaranthus viridis extracts 
against Rhizopus oligosporus.

The fungistatic activity of aqueous extracts of Malva sylvestris, Mentha x piper-
ita, and Chamaemelum nobile on the growth of Aspergillus candidus, A. niger, Fu-
sarium culmorum, and Penicillium spp. was assessed by Magro et al. (2006).

Kostic et al. (2010) reported the activity of Papaver rhoeas ethanol extract 
against the yeast C. albicans.

Hexane and aqueous extracts of Portulaca oleracea showed antifungal activ-
ity against Fusarium spp., while ethanol and chloroform extracts of the same herb 
inhibited the growth of Rhizopus artocarpi (Banerjee and Mukherjee 2002). The 
antifungal activity of P. oleracea extracts against Aspergillus niger, A. fumigatus, 
Candida albicans, and Trichophyton mentagrophytes (Oh et al. 2000) and against 
C. albicans (Elkhayat et al. 2008) was also reported.

Extracts from Raphanus raphanistrum roots were found active against Clado-
sporium cucumerinus (Schreiner and Koide 1993).

Ethanol extracts of Rumex crispus showed to be active against Candida albicans 
and Trichophyton menthagrophytes (Kosikowska et al. 2011).

The effectiveness of postharvest treatments with Urtica dioica extracts to con-
trol storage decay caused on strawberry by Botrytis cinerea, Rhyzopus stolonifer, 
and Penicillium spp. and on sweet cherry by B. cinerea, R. stolonifer, and Mon-
ilinia laxa were recently reported by Romanazzi et al. (2013) and by Feliziani et al. 
(2013), respectively. Moreover, U. dioica water extract was found to be active in 
inhibiting Candida albicans growth (Gülçin et al. 2004).

The in vitro and in vivo activity of extracts obtained from nine wild edible her-
baceous species ( Borago officinalis, Orobanche crenata, Plantago coronopus, P. 
lanceolata, Sanguisorba minor, Silene vulgaris, Sonchus asper, S. oleraceus, and 
Taraxacum officinale) against some important postharvest fungi (i.e., Botrytis ci-
nerea, Monilinia laxa, Penicillium digitatum, P. expansum, P. italicum, Aspergillus 
carbonarius, and A. niger) were investigated by Gatto et al. (2011). In this study, 
extracts from Sanguisorba minor and Orobanche crenata showed the highest ef-
ficacy, with S. minor completely inhibiting conidial germination of M. laxa, P. digi-
tatum, P. italicum, and A. niger and strongly reducing B. cinerea, and O. crenata 
extract showing a lower but significant reduction in conidial germination on all 
the tested fungi. In trials performed on wounded fruit, S. minor extract completely 
inhibited brown rot on apricots and nectarines; O. crenata extract strongly reduced 
grey mould on table grapes, brown rot on apricots and nectarines, and green mould 
on oranges (Gatto et al. 2011). Further studies on these two extracts provided the 
purification of two pure active phenolic compounds (verbascoside and isoverbas-
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coside) from O. crenata extracts, showing strong in vitro antifungal activity against 
the abovementioned postharvest pathogens (Gatto et al. 2013).

The antifungal activity of Anchusa azurea and Beta vulgaris phenolic extracts 
against some postharvest fungi were recently studied by Garcia-Herrera (2014); 
in this study, preliminary results were reported about a good response of both ex-
tracts against Penicillium digitatum and P. italicum in terms of inhibition of conidial 
growth and germ tube elongation.

11.4  Future Perspectives

There is much evidence that different antimicrobials of plant origin can effectively 
reduce or inhibit pathogenic and spoilage microorganisms, and thus have the poten-
tial to become a good alternative to synthetic antimicrobials. Several underutilized 
plants (i.e., wild edible plants) have thousands of years of history and their non-
toxicity, at least at an oral level, is proven. This safety feature is very important in 
formulations of such products for commercial purposes because it has an impact on 
the cost of development and registration of a new pesticide product (Tripathi and 
Dubey 2004). The knowledge of a plant extract antimicrobial activity represents 
first preliminary information that should be followed by the identification of active 
principle(s) by means of a bio-guided assay (Ríos and Recio 2005). The develop-
ment of cost-effective isolation and purification procedures avoiding loss of func-
tional properties of active compounds will aid in wider use and acceptance of plant 
extracts as natural preservatives (Negi 2012).

The marker compounds in extracts are affected by plant variety, geographical or-
igin, used plant parts, plant age and growth condition, methods of extraction or dry-
ing, preparation, packaging, and storage. The starting material must be accurately 
identified in order to ensure that the plant materials for food use are consistent with 
respect to quality and quantity of active ingredient, and the method of preparation 
must meet good manufacturing practices. Risk assessment of natural products may 
require adequate specification of identity and composition as it may be the whole 
plant, extracts thereof, or purified components. However, the variability among 
plant source and the process used to obtain the constituents will be a limiting factor 
in adopting a generic approach to their risk assessment (Negi 2012). Generally, for 
herbs or complex extracts, it is not possible to make a risk assessment on the basis 
of a single active component as more than one component may be of toxicological 
significance, and food matrix may affect their bioavailability. A decision tree has 
been suggested as an aid to make the safety evaluation process for plant material 
intended for food use (Walker 2004), and the general framework for safety assess-
ment of botanicals has been described (Speijers et al. 2010; van den Berg et al. 
2011). It is hoped for the future setting-up of new and more specific protocols to 
clearly and univocally assess composition, biological activity, and safety of plant 
extracts used for applications that can potentially affect human health.
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Chapter 12
Recent Advances in Research on Wild Food 
Plants and Their Biological–Pharmacological 
Activity

Michael Heinrich, Sarah Kerrouche and Kawaldeep Singh Bharij

12.1  Introduction

It is again becoming a commonplace that food and medicine (at least if they are 
derived from plant and fungal sources) are linked intrinsically. ‘Let food be thy 
medicine and medicine be thy food’, attributed to Hippocrates, 431 BC, is the 
first in a long row of statements which highlight these links. To cite just another 
one, in 1991, Etkin and Ross stated, ‘Consideration of the dietary contexts of lo-
cal “medicines” is central to this wider perspective.’ However, in this discussion, 
one easily blurs some important lines dividing—certainly in a post-Renaissance 
scientific context—the prevention and treatment of diseases. Food is generally 
consumed to nourish and it may (or may not) have additional health benefits, 
which help prevent or limit (mostly chronic) diseases. Medicines are used spe-
cifically to treat and overcome certain health problems, and are used with a very 
specific goal in mind: to get rid of a health problem (Heinrich and Prieto-Garcia 
2008; Heinrich et al. 2012).

In the context of this chapter, the focus is on foods with a certain health benefi-
cial function, that is, not as foods that serve simply the sustenance or an exclusive 
source of pleasure and enjoyment (like sweets). What constitutes a functional food 
can be defined from a wide range of perspectives, for example, regulatory, a social 
science or a food science perspective (cf. Heinrich and Prieto-Garcia 2008), and any 
definition remains controversial.

In the European Union (EU), a working definition of functional food has been 
proposed (European Commission Concerted Action on Functional Food Science in 
Europe (FUFOSE)): ‘…a food that beneficially affects one or more target functions 
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in the body beyond adequate nutritional effects in a way that is relevant to either 
an improved state of health and well-being and/or reduction of risk of disease. It is 
consumed as part of a normal food pattern. It is not a pill, a capsule or any form of 
dietary supplement’ (EU 2010).

Consequently, in this discussion about recent advances in research on wild food 
plants and their biological–pharmacological activity, the focus is on health benefits 
for certain target conditions, for example, in preventing cardiovascular diseases, 
metabolic syndrome/obesity/diabetes, or maintaining brain health, and not on ge-
neric claims about ‘healthy’ food. The latter would in essence require an epidemio-
logical approach and not a plant-species-specific discussion.

Key to this discussion are local and traditional food plants, generally gathered, 
but in a few cases also grown locally and used as part of a regular diet. The use may 
be for food purposes, but depending on the context, a certain species may also have 
a specific use to treat certain conditions.

Local food plants are species that are generally derived from local or regional 
traditions. Some are used widely, for example, throughout the Mediterranean, but 
their usage is generally based not on a commercial exchange but on the local 
production and processing of these resources. For example, Leonti et al. (2006) 
identified a core group of 18 culinary used wild gathered plant species. Their 
use is embedded in a complex historical tradition and highlights that there is 
both a commonality in the traditions and there are species which are used widely 
throughout the Mediterranean, but also a continuous exchange of ideas. As such, 
‘local’ should not be considered as implying that these species must be restricted 
to a specific area or that they are part of one tradition. As in many other aspects 
of cultures, these usages have been formed as part of historical development and 
the continuous exchange of knowledge, plants and people in Europe and adjacent 
regions.

Estimates about the total number of higher plant species vary, but 250,000 is 
a reasonable approximation (Greuter 1991). If we assume that only 5–10 % of 
these may have some sort of a use as a food or in drinks, we would arrive at about 
12,500–25,000 species used locally for nutritional purposes. As stated by Tardío 
and Pardo-de-Santayana in this book (see Chap. 4), only in mainland Spain and 
the Balearic Islands, there are a bit more than 500 ‘wild’ species used for food 
purposes.

Covering all commonly used species in a single and relatively short overview 
would be impossible. Therefore, a selective, monograph-based approach was used 
in order to assess the current state of the art on local food plants consumed mostly 
in the western Mediterranean.

Local food uses are broad and generally vary, but both in terms of the quantities 
used and their cultural importance, some core groups stand out:

• As a fruit
• As a vegetable (including salads)
• As a part of beverages
• As an occasional snack
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Using nine examples of commonly used plants, we discuss the existing pharmaco-
logical evidence and how this is linked to the species’ composition in order to assess 
the evidence base for these species. Since most of these local foods are normally 
consumed in relatively small quantities, this review does not focus on the species’ 
food properties and thus on their nutritional value (including their contents in min-
erals and vitamins); rather, it focuses on secondary and primary metabolites directly 
relevant for health.

12.2  Biological–Pharmacological Evidence on Some 
Common Local Food Plants

12.2.1  Species Used Because of Their Fruit

Among the species used throughout the Iberian Peninsula, three have attained a par-
ticular relevance: the strawberry tree, the common beech and the holly oak. All are 
managed species, actively encouraged and occasionally planted in order to secure a 
good supply of the fruit.

The strawberry tree ( Arbutus unedo L.), Ericaceae, is one of the iconic plants 
of the Mediterranean, well known as part of the coat of arms of the city of Madrid 
(El oso y el madroño), and with a long track record of local and traditional uses. 
It is an important local food plant (Rivera et al. 2006a, b) and the fruits are edible, 
eaten either raw or prepared as jams. In some regions, a liqueur is prepared us-
ing the mashed fruits in alcohol. Medicinal uses include, for example, as a urinary 
tract antiseptic, for cystitis, as an astringent, for treating a range of gastrointestinal 
(GI) disorders including diarrhoea and dysentery, for cardiovascular problems and 
diabetes, and as an anti-inflammatory agent (Chevallier 2001; van Wyk and Wink 
2004; Kivcak et al. 2001; Morales et al. 2013; Oliveira et al. 2009; Legssyer et al. 
2004).

A wide range of studies attest to some relevant biological and pharmacological 
activities (Box 1), and, interestingly, most research has been done on extracts from 
the leaves and, to a lesser degree, on the fruits that are used as a food. Many stud-
ies assess antioxidant effects, a range of activities which may have some health-
protective and disease-preventing effects, but which generally cannot be linked to 
treating specific diseases. Key to the species’ activity is arbutin, a hydroquinone 
often found in the Ericaceae and known to have a wide range of activities but best 
known for antibacterial effects (especially in the urinary tract). An extract showed 
cardioprotective effects by interfering with platelet aggregation, hence decreasing 
the risk of blocked blood vessels, and indirectly lowering blood pressure (Mekhfi 
et al. 2006).

Another particularly relevant effect is the species’ activity against glycaemia in 
diabetic rats at a dose of 0.4 g/L (0.4 mg/mL), where Arbutus unedo has shown 
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far superior antihyperglycaemic activity by decreasing plasma glucose levels by 
31.6 %, compared to 13 % in the case of Urtica dioica (Bnouham et al. 2010).

Box 1: Recorded Pharmacological Activities of Arbutus unedo L.
Known Bioactive Compounds and Other Metabolites:

Arbutin, methylarbutin, hydroquinones, α-Tocopherol, α-Terpineol, tan-
nins, malic acid, ascorbic acid, oxalic acid, kaempferol, quercetin, catechin 
gallate (Chevallier 2001; Wyk and Wink 2004; Kivcak et al. 2001; Morales 
et al. 2013; Oliveira et al. 2009; Legssyer et al. 2004)

Relevant Pharmacological and Microbiological Studies
Antihyperglycaemic Activity
The aqueous extract of the roots showed in vivo antihyperglycaemic activ-

ity in a rat model. The administration of 500 mg/kg of the extract 30 min prior 
to glucose loading decreased glycaemia for the oral glucose tolerance test. 
In the intravenous glucose tolerance test, 500 mg/kg of the extract showed 
a marked decrease in the jejuna absorption of glucose by 31.6 % (Bnouham 
et al. 2007). In chronic treatment of neonatal streptozotocin-induced diabetic 
rats, an aqueous extract lowered plasma glucose levels by 31.6 % at a con-
centration of 0.4 g/L (drinking water). At 1 mg/mL, the extract also increased 
glucose consumption in combination with insulin (Bnouham et al. 2010).

Cardioprotective Activity
Acetone/H2O/Diethyl ether/EtOAc extracts: These leaf extracts showed 

in vitro anti-aggregant effects on human platelets by antagonizing thrombin, 
hence potential cardiovascular benefits. This was achieved by decreasing the 
production of reactive oxygen species, preventing the phosphorylation of 
tyrosine, and decreasing the mobilization of Ca²+ ions (Haouari et al. 2007).

Another study showed effects of aqueous extracts of leaves and roots in 
vivo in a rat model which resulted in a reduction in increased systolic blood 
pressure development, and the root extract also reduced ventricular hypertro-
phy (Afkir et al. 2008; Ziyyat and Boussairi 1998).

A MeOH extract (leaves) showed in vitro vasorelaxant activity at 87 ± 4 % 
in rat aorta. This is primarily due to the tannin content; as without the tannins, 
there was only a 42 ± 8 % vasorelaxant effect (Legssyer et al. 2004). Tannins 
from a MeOH extract of the leaves also showed a strong anti-aggregant effect 
on human platelets with an IC50 of 0.7 ± 0.08 g/L and a 75.3 ± 1.4 % inhibition 
(Mekhfi et al. 2006).

Spasmolytic Activity
An EtOH (70 %) extract of the leaves showed in vitro spasmolytic activity 

by decreasing the basal tone of a rat ileum. This was achieved through reduc-
ing the contractile response by antagonizing the action of acetylcholine and 
the inhibition of calcium channels (Pavlovic et al. 2011).
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Antimicrobial Activity
An aqueous extract of the leaves showed inhibitory activity against Staph-

ylococcus aureus and Aspergillus parasiticus (Orak et al. 2011) and an EtOH 
extract of the leaves showed antibacterial action by growth inhibition against 
Mycobacterium aurum, M. smegmatis and M. bovis (Ouarti et al. 2012).

Cytotoxic Activity
An aqueous extract of the leaves showed in vitro inhibitory action on 

interferon-elicited STAT1 activation in human fibroblasts and MDA-MB-231 
human breast cancer cells, via downregulation of the STAT1 tyrosine protein 
phosphorylation. SHP2 tyrosine phosphatase phosphorylation may also con-
tribute to this inhibitory effect. This shows a strong anti-inflammatory action 
of Arbutus unedo and its use in inflammatory diseases (Mariotto et al. 2008).

Antioxidant Activity
An aqueous extract of the leaves showed a 2,2-diphenyl-1-picrylhydrazyl 

(DPPH•) radical scavenging activity at an EC50 of 0.4872 mg/mL, β-carotene 
bleaching inhibition at an EC50 of 0.67 mg/mL, iron chelation capacity at 
14.46 ± 0.17 % and an H2O2 scavenging activity at 26.02 ± 1.91 % (Orak et al. 
2011). An EtOH extract showed a DPPH• radical scavenging activity at an 
EC50 of 0.6554 mg/mL and β-carotene bleaching inhibition at an of 0.6660 mg/
mL, iron chelation capacity at 6.06 ± 0.13 % and an H2O2 scavenging activ-
ity at 21.23 ± 0.20 % (Orak et al. 2011); in the Trolox equivalent antioxidant 
capacity (TEAC) assay (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic 
acid), ABTS radical scavenging activity), the extract showed an antioxidant 
capacity of 2.25 ± 0.047 mM. A leaf extract had a reducing power at an EC50 of 
0.318 ± 0.007 mg/mL, antihaemolytic activity at an IC50 of 0.062 ± 0.002 mg/
mL and a lipid peroxidation inhibition at an IC50 of 0.075 ± 0.014 mg/mL. The 
fruit had a reducing power at an EC50 of 2.85 ± 0.049 mg/mL, antihaemolytic 
activity at an IC50 of 0.430 ± 0.091 mg/mL and a lipid peroxidation inhibition 
at an IC50 of 0.732 ± 0.452 mg/mL (Mendes et al. 2011).

An extract of the leaves showed lipid peroxidation inhibition (74.31 %) at 
125 μg/mL, a radical scavenging activity at an IC50 of 7.17 ± 0.46 μg/mL and a 
fluorescence recovery after photobleaching (FRAP) value of 5.11 ± 0.09 μmol 
Fe²+/g (Pavlovic et al. 2009). The methanolic extract of the leaves showed 
a DPPH• radical scavenging activity at an EC50 concentration of 0.42 mg/
mL, β-carotene bleaching inhibition at an EC50 concentration of 0.7173 mg/
mL, iron chelation capacity at 14.05 ± 1.18 % and H2O2 scavenging activity at 
28.22 ± 1.18 % (Orak et al. 2011); in the TEAC assay (ABTS radical scaveng-
ing activity), the extract showed an antioxidant capacity of 1.71 ± 0.013 mM 
(Pabuccuoglu et al. 2003).

In a large-scale screening for health beneficial properties, an extract of the 
fruit only showed moderate activity (Heinrich et al. 2005).
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Another example shows the other extreme in terms of our knowledge about com-
monly used food species important in Western Europe—Fagus sylvatica L., Faga-
ceae, is more widely distributed in Temperate Oceanic and sub-Mediterranean re-
gions and there it is commonly used as a food (e.g. Tardío et al. 2005). Medical 
uses include as an antiseptic, for chronic bronchitis and skin diseases, for example, 
psoriasis (Weiss 2001; Grieve 1995; van Wyk and Wink 2004). The raw or toasted 
fruits are used as a snack and after grinding used in a mixture, for example, as flour. 
The seeds are rich in polysaccharides, which, however, seem to be little studied. 
Interestingly, no pharmacological studies have been conducted, which could shed 
light on potential benefits of its use.

The third example is one of the Mediterranean species of oak: Quercus ilex L., 
holly oak, most importantly Quercus ilex L. subsp. ballota (Desf.) Samp., Fagaceae. 
The acorns ( bellotas in Spanish) again are a resource with a broad range of uses: 
crude and peeled they are consumed as a (often somewhat bitter) snack; toasted 
fruits are used in a similar way; in combination with honey and other sweet mate-
rials, they make excellent sweets (Rivera et al. 2006a, b); and the ground toasted 
fruits are used in a way similar to coffee. They can also be prepared as part of soups 
and stews (Rivera et al. 2005). Some of the medical uses are linked to its astringent 
properties (in essence found in all plant parts) and include as an antimicrobial and 
for diarrhoea. It is also known as a galactagogue.

Box 2: Recorded Pharmacological Activities of Quercus ilex L.
Known Bioactive Compounds and Other Metabolites

α-Tocopherol, tannins, polyphenol triloside ( trans-, cis-), kaempferol glu-
cosides, quercilicoside A, astragalin (Rivera et al. 2006b; Chevolleau et al. 
1993; Loggia et al. 1989)

Relevant Pharmacological and Microbiological Studies
Anti-Inflammatory Activity
Selected constituents were tested in vivo in a mouse model for their 

anti-inflammatory activity (IC50 values: kaempferol 0.266 μM, astragalin 
1.123 μM, tiliroside 0.154 μM and ADC 0.036 μM, compared to indometha-
cin and hydrocortisone at 0.122 and 0.009 μM, respectively; Loggia et al. 
1989).

Antimicrobial Activity
A MeOH extract of the leaves showed in vitro antimicrobial activity 

against 15 bacteria and 1 yeast but none stood out as being particularly strong 
(Gulluce et al. 2004).

In vitro antibacterial activity of three extracts on 11 bacterial organisms 
again only showed moderate effects, with the best effect shown with the EtOH 
extract ( Staphylococcus aureus and Staphylococcus epidermidis—128 μg/
mL; Berahou et al. 2007).

Gastroprotective Activity
An aqueous extract (bark) showed an in vivo gastroprotective effect in 

a rat model against ethanol-induced gastric damage at 50 mL/kg. When 
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12.2.2  Species Mostly Used as Cooked Vegetables

Asparagus acutifolius L. and some other closely related species are among the most 
widely appreciated local vegetables in many Mediterranean regions, and they are 
commonly consumed as a vegetable, for their health benefits including diuretic ef-
fects, and used to treat bile duct stones, rheumatism, arteriosclerosis and as a laxa-
tive. They are still collected from the wild and are highly appreciated as elements of 
a wide range of dishes including omelettes and often mixed with other vegetables. 
Very limited pharmacological information has become available for this species, 
aside from a range of studies on its (often in silico, i.e., chemical) antioxidant effects.

administered with 50 % ethanol, the aqueous extract provided 18.9 % gastro-
protection compared to the control (water). Given 60 min before the admin-
istration of ethanol, the aqueous extract gave 50.8 % protection. When given 
with ethanol, the aqueous extract showed an increase in stomach acid content, 
but a decrease in acid content when given 60 min prior to ethanol administra-
tion (Gharzouli et al. 1999).

In a large-scale screening for health beneficial properties, an extract of the 
fruit only showed moderate activity (Heinrich et al. 2005).

Box 3: Recorded Pharmacological Activities of Asparagus acutifolius L.
Known Bioactive Compounds and Other Metabolites

Lutein, β-carotene, quercetin, isorhamnetin, kaempferol, α-Tocopherol, 
β-Tocopherol, γ-Tocopherol, δ-Tocopherol, myricetin-3-glucoside, myrice-
tin, glycosylated quercetin, steroidal saponins (Salvatore et al. 2005; Martins 
et al. 2011; Sautour et al. 2007; Rivera et al. 2006b)

Relevant Pharmacological and Microbiological Studies
Antioxidant Activity
An aqueous extract of the spears showed in silico antioxidant DPPH• radi-

cal scavenging activity at an IC50 of 72.4 μg/mL, H2O2 radical scavenging 
activity at an IC50 of > 2000 μg/mL, NO radical scavenging activity at an IC50 
of 56.7 μg/mL, compared to α-Tocopherol with IC50 values of 15.1, 13.1 and 
11.1 μg/mL, respectively (Ferrara et al. 2011).

An aqueous preparation of the aerial part (1:10, grams of sample in millili-
tres of tap water boiled for 15 min) showed in vitro antioxidant activity in the 
FRAP assay at 11.23 ± 1.90 mmol Fe²+/kg, TRAP assay at 5.29 ± 1.63 mmol 
Trolox/kg and TEAC assay (ABTS radical scavenging activity) at 
3.01 ± 0.46 mmol Trolox/kg (Salvatore et al. 2005).
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Reichardia picroides (L.) Roth (French Scorzonera, Asteraceae) is used both as a 
cooked vegetable and a salad commonly eaten together with other plants. Overall, 
this is a commonly used species that still has received very limited attention in the 
scientific literature.

This species is rich in a wide range of luteolin—and apigenin-glycosides includ-
ing many O-glycosides—as well as in caffeic acid, chlorogenic acid, isochlorogenic 
acid and 3,4-dicaffeoylquinic acid (Recio 1992). The aqueous extract of the leaves 
improved platelet sensitivity in vivo in patients with metabolic syndrome, which 
implies a reduced risk of thrombosis and related conditions in this high-risk group 
EC50 (Fragopoulou et al. 2012).

The leaf stalks of Scolymus hispanicus L. (golden thistle, Asteraceae) are a high-
ly appreciated vegetable known to contain only very low amounts of ascorbic acid, 
dehydroascorbic acid, as well as oxalic acid, malic acid, citric acid and fumaric 
acid (Sanchez-Mata et al. 2012; Ozkol 2013). A methyl extract of the aerial parts 
showed in vivo a significant decrease of the elevated fasting blood glucose levels in 
streptozotocin-induced diabetes in Sprague–Dawley male rats, which showed that 
S. hispanicus may have a role through elevating insulin secretion of intact pancreat-
ic beta cells. Therefore, this species possesses hypoglycaemic effect (Ozkol 2013).

12.2.3  Species Mostly Used in Salads

There can be no doubt that there is a tremendous overlap between this and the previ-
ous group. Rorippa nasturtium-aquaticum (L.) Hayek ( syn.: Nasturtium officinale 
R. Br.), watercress, Brassicaceae, is typically used in salads and its unique spicy 

An MeOH extract (1) of the shoots in vitro showed antioxidant DPPH• 
radical scavenging activity at an EC50 of 4.87 ± 0.38 mg/mL, reducing power 
at an EC50 of 1.62 ± 0.00 mg/mL, β-carotene bleaching inhibition (lipid per-
oxidation inhibition) at an EC50 of 0.47 ± 0.04 mg/mL, and thiobarbituric acid 
reactive substance (TBARS) inhibition (lipid peroxidation inhibition) at an 
EC50 of 0.07 ± 0.02 mg/mL (Morales et al. 2012a).

Another MeOH extract (2) of the shoots in vitro showed antioxidant DPPH• 
radical scavenging activity at an EC50 of 423 ± 24 μg/mL, reducing power at 
an EC50 of 191 ± 12 μg/mL, β-carotene bleaching inhibition (lipid peroxida-
tion inhibition) at an EC50 of 166 ± 7 μg/mL and TBARS inhibition (lipid per-
oxidation inhibition) at an EC50 of 105 ± 4 μg/mL (Martins et al. 2011).

Cardioprotective Activity
An EtOH (70 %) extract of the stems in vitro showed pancreatic lipase 

inhibition at an IC50 of > 10 mg/mL (Conforti et al. 2012).
In a large-scale screening for health beneficial properties, an extract of 

young shoots only showed weak activity (Heinrich et al. 2005).
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taste is highly appreciated. It may be used alone or in combination with other 
‘greens’, and again medical uses have been reported including diuretic, antibiotic, 
tonic effects and to relieve indigestion, chronic bronchitis, to stimulate the appetite, 
for detoxifying, as a febrifuge and bechic (cough relieving).

It is another so far little-studied local (medicinal) food. Extracts of Rorippa 
nasturtium-aquaticum (and Urtica dioica) have been shown to have anti-inflamma-
tory effects by downregulating iNOS and COX-2 (Rose et al. 2005) and inhibiting 
pro-inflammatory leukotrienes (ESCOP 2003), respectively. An EtOH extract has 
shown in vivo cardio-protective effects by decreasing LDL cholesterol (52.9 %), 
triglycerides (30.1 %) and total serum cholesterol (34.2 %) at a comparatively high 
dose of 500 mg/kg/day in (Bahramikia and Yazdanparast 2008).

Box 4: Recorded Pharmacological Activities of Rorippa nasturtium-aquati-
cum (L.) Hayek
Known Bioactive Compounds and Other Metabolites

Phenylethyl glucosinolate, allyl isothiocyanate, myristicin, limonene, 
α-terpinolene, caryophyllene oxide, p-cymene-8-ol, β-Phenylethyl isothio-
cyanate (PEITC), 8-methylsulphinyloctyl isothiocyanate (Chevallier 2001; 
Moriyama et al. 2003; Amiri 2012; Yazdanparast et al. 2008; Bahramikia and 
Yazdanparast 2008; Chen et al. 1996; Rivera et al. 2005; Rose et al. 2005)

Relevant Pharmacological and Microbiological Studies
Cardioprotective Activity
The EtOH (50 %) extract of the whole plant showed in vitro activity on 

platelet aggregation; cardioprotective properties were shown in vivo in a 
hypercholesterolaemic rat model at 500 mg/kg/day for 10 days for an EtOH/
H2O (70:30) extract. The extract showed a significant decrease in total serum 
cholesterol by 34.2 %, triglycerides 30.1 % and low-density lipoprotein choles-
terol 52.9 %. After 10 days of treatment, there was a raised serum high-density 
lipoprotein cholesterol level by 27.0 % (Bahramikia and Yazdanparast 2008).

Chemoprotective Activity
PEITC and 8-methylsulphinyloctyl isothiocyanate (MSO) showed chemo-

preventative activity by decreasing the expression of iNOS and COX-2 pro-
teins via inactivation of NFκB and the stabilization of IκBα. This was shown 
by the decrease in nitrite and PGE-2 production in lipopolysaccharide-stim-
ulated Raw-264.7 macrophages. This led to a downregulation of pro-inflam-
matory mediators (Rose et al. 2005). PEITC also showed chemoprotective 
activity in another study by mediating apoptosis in HepG2 human hepatoma 
cells (Neo et al. 2005).

Antimicrobial Activity
Antibacterial activity of Rorippa nasturtium-aquaticum at a concentra-

tion of 1000 μg/disc against four bacterial organisms was expressed by 
mm of inhibition (Penecilla and Magno 2011). With such high values, the 
relevance of the data is minimal.
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Cichorium intybus L. (Chicory, Asteraceae) may well be one of the most widely 
used local food plants in Europe. It is, of course, best known for its use as a fresh 
salad using varieties with variegated red or red and green leaves (radicchio) or the 
‘Belgian endives’ or chicory, cultivars grown under special conditions in the dark 
or the root chicory (var. sativum) important as a coffee substitute. In the context of 
this discussion, the focus is on noncultivated forms. These are generally relatively 
bitter, which is linked to the presence of sesquiterpene lactones, especially lactucin 
and lactucopicrin. Commonly, the young leaves are collected and used raw in salads 
or as a cooked vegetable. Limited research is available, and the existing data are 
mostly based on the cultivated varieties. As in other cases, antioxidant and antimi-
crobial effects have been at the centre of attention, and the lack of research on the 
noncultivated varieties makes it difficult to draw any specific conclusions.

Cytotoxic Activity
An MeOH extract of the whole plant showed cytotoxicity against human 

colon carcinoma cells in vitro at an IC50 of 54.2 μg/mL (Seoud et al. 2003).
Antioxidant Activity
Two EtOH (80  and 70 %) extracts of the aerial part showed in vitro anti-

lipid peroxidation activity by reducing TBARS formation at an EC50 of 
273.5 μg/mL, iron chelating activity at an EC50 of 538.6 μg/mL, antioxidant 
DPPH• radical scavenging activity at an EC50 of 114.7 μg/mL, ABTS•+ radi-
cal scavenging activity at an EC50 of 60.8 μg/mL, NO scavenging activity at 
an EC50 of 395.2 μg/mL and H2O2 scavenging activity at an EC50 of 312.4 μg/
mL (Bahramikia and Yazdanparast 2010).

An MeOH/(5 mL, 1:1 v/v) extract of freeze-dried leaves in vitro showed 
antioxidant activity in the ABTS assay at 260 mg/100 g fw, FRAP assay at 
209 mg/100 g fw and DPPH assay at 244 mg/100 g fw (Martinez-Sanchez 
et al. 2008).

Box 5: Recorded Pharmacological Activities of Cichorium intybus L.
Known Bioactive Compounds and Other Metabolites

The roots are particularly rich in carbohydrates. Alkaloids, tannins, gly-
cosides, amines, tridecanoic acid, myristoleic acid, caprylic acid, capric acid, 
undecanoic acid, lauric acid, myristic acid, pentadecanoic acid, palmitic acid, 
palmitoleic acid, heptadecanoic acid, stearic acid, oleic acid, linoleic acid, 
γ-linolenic acid, α-linolenic acid, arachidic acid, eicosenoic acid, heneicosa-
noic acid, tricosanoic acid, nervonic acid, lactucin, lactucopicrin—two ses-
quiterpene lactose responsible for the bitter taste (Van Wyk and Wink 2004)
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12.2.4  Species Mostly Used as Infusions

Malva sylestris L. (common mallow, Malvaceae) is a common weedy plant in many 
European regions, but also an important medicinal plant used products for treating 
respiratory conditions and externally as a vulnerary (Rivera et al. 2006b). In many 
European regions, it is a common element of herbal (medical) teas (Edwards et al. 
2015). This species serves as an example for a species which, in fact, has a very wide 
use and which is well known for phytotherapeutic practices (Gasparetto et al. 2012).

Relevant Pharmacological and Microbiological Studies
Cardioprotective Activity
An alcoholic extract of the roots showed in vivo a decrease in the ampli-

tude and rate of the toad heart at the dose of 0.4 mL/L of extract (obtained 
from 10 g of air-dried material extracted with 70 % alcohol with the total 
volume adjusted to 100 ml). (Balbaa et al. 1973)

Antioxidant Activity
An ethanol extract (1) of the roots showed in vitro antioxidant effects 

(DPPH assay) at a final concentration of 2.5 mg/mL, radical scavenging 
activity at IC50 of 281.00 ± 983.33 µg/mL (Liu et al. 2013). Another EtOH 
extract (2) of the whorls showed in vitro antioxidant DPPH at a final con-
centration of 2.5 mg/mL, radical scavenging activity at EC50 of 22 mg/ml 
(Pieroni et al. 2002b).

Chicory-supplemented diet: The dried plants were added to the standard 
diet of male rats, which showed at the end of the experiment that chicory is 
a natural substance for ameliorating the oxidative stress and hepatic injury 
induced by nitrosamine compounds (Hassan 2010).

Antimicrobial Activity
The EtOH extract (1) of the roots showed in vitro an antimicrobial activ-

ity at concentration of 10 mg/disc against gram-positive and gram-negative 
bacteria. The minimun inhibitory concentration (MIC) values were 0.1625, 
1.25, and 2.5 mg/mL of Salmonella typhi, Escherichia coli and Staphylococ-
cus aureus, respectively (Liu et al. 2013).

Anthelmintic Activity
Sesquiterpene lactones extracted from the leaves showed in vitro anthel-

mintic activity against a predominantly Haemonchus contortus egg popula-
tion at a concentration of 10 mg/mL (Foster et al. 2011).

Using, for example, cv. Grasslands Puna of Cichorium intybus, toxic effects 
on metazoic parasites (H. contortus) are well known and used in the manage-
ment of livestock by adding it to the fodder (Heckendorn et al. 2007). These 
effects may well be linked to the presence of sesquiterpene lactones, too.

In a large-scale screening for health beneficial properties, three extracts of 
the aerial parts obtained from Spain, Italy and Greece, respectively, showed 
moderate activity (Heinrich et al. 2005).
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It acts as a demulcent and pectoral. An infusion is used for colds and coughs, and 
the mucilage from the leaves is anti-inflammatory with anticomplement activity. 
Its medical importance is evident from its inclusion in a range of pharmacopoeias, 
including the European Pharmacopoeia. However, aside from these more widely 
recognized uses, a wide range of other uses are known. For example, in soups, it is 
used to enhance uterine contractions during birth (Pieroni et al. 2002). The imma-
ture fruits are eaten by children as a snack (Rivera et al. 2006b; Tardío et al. 2006) 
and throughout Europe a wide range of therapeutic benefits are associated with the 
use, most importantly of the leaves—as antiphlogistic, astringent, demulcent, di-
uretic, emollient, expectorant and laxative, and salve. Mucilage, sulphated flavonol 
glycosides such as gossypin-3-sulphate, hypolaetinglucoside-3’-sulphate and oth-
ers, and anthocyanins (malvin, the diglucoside of malvidin and delphinidin) are key 
constituents relevant for the observed effects. Even though there are considerable 
gaps in terms of the species’ biological–pharmacological profile, it is a relatively 
well-studied food plant species from the Mediterranean (Gasparetto et al. 2012).

Box 6: Recent Reports on Pharmacological Activities of Malva sylvestris L.
Known Bioactive Compounds and Other Metabolites

Mucilage polysaccharides (6 to > 10 %) composed of neutral and acidic 
monosaccharide residues including rhamnose, galactose, arabinose, galact-
uronic acid and glucuronic acid. Anthocyanins (6–7 %), mainly malvidin 
3,5-diglucoside, malvidin 3-glucoside, malvidin 3-(6”-malonylglucoside)-
5-glucoside and delphinidin 3-glucoside with traces of petunidin and cyanidin 
glycosides, scopoletin, ursolic acid and phytosterols (ESCOP 2003)

Relevant Pharmacological and Microbiological Studies
A review by Gasparetto et al. (2012) covers most of the relevant data up 

to 2011.
Antioxidant Activity
An aqueous extract of the leaves showed an antioxidative potential activ-

ity in vivo because of its richness in phenolic compounds. The extract was 
given at a dose of 0.2 g dry mallow/kg body weight of the rats during 90 days 
(Marouane 2011).

An EtOH extract of the leaves showed an antioxidant activity at a concen-
tration of 150 mg/L (Samavati and Zadeh 2013).

Antibacterial Activity
An MeOH extract both of flowers and leaves showed antibacterial effects 

against the plant pathogen Erwinia carotovora with MIC of 128 and 256 µg/
mL, respectively (Razavi et al. 2011).

The MeOH extract of the flowers showed antibacterial effects against 
human pathogen bacteria strains such as Staphylococcus aureus, Streptococ-
cus agalactiae and Enterococcus faecalis, with MIC of 192, 200 and 256 µg/
ml, respectively (Razavi et al. 2011).
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12.3  Conclusions

These nine examples highlight the overall situation with respect to our current un-
derstanding of food plants used locally in the Mediterranean. Even for species that 
are widely used and common throughout the region, only limited data exist. Only 
species that have found entry into the more recognized medical or naturopathic 
practice, such as Malva sylvestris (or Foeniculum vulgare, not discussed in this 
short chapter), have a relatively robust body of evidence associated with it. Clinical 
data or information from intervention studies are generally lacking. Also, there is 
clearly a need for more high-quality and mechanistic studies and for intervention 
studies focusing on disease-preventive effects.

Their ambivalent status both as a popular local food and a medicine and their 
limited economic importance seems to have resulted in many of the species not hav-
ing been studied bioscientifically in detail. However, the sheer number of species 
that are of importance poses a challenge and a systematic study of only the most 
important species will require a coordinated and systematic research effort backed 
by adequate funding.

There also are challenges in terms of what activities will be of particular rel-
evance. Antioxidant and antimicrobial effects are a good and general first level of 
evidence, but they cannot be used for understanding specific diseases’ preventive or 
therapeutic effects. More systematic studies will be key for assessing the relevance 
of these local products, most notably on the prevention or amelioration of aging-
related disorders. The benefits will, however, most likely be linked to their use as 
an element of a ‘Mediterranean diet’ and not as a single ‘superfood’ (Heinrich et al. 
2011).

In conclusion, such species collectively contribute to health and well-being, but 
we need to study the species’ specific effects much more systematically.
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13.1 Introduction

13.1.1 Wild Plants in the Mediterranean Diet

The high consumption of fruits and vegetables, characteristic of the Mediterranean 
diet, has traditionally included wild fruits and especially wild vegetables, as shown 
by many ethnobotanical studies (Leonti et al. 2006; Rivera et al. 2006; The Local 
Food-Nutraceutical Consortium 2005). These wild edible plants have historically 
played an important role in complementing staple agricultural foods (e.g. Pieroni 
et al. 2002; Tardío et al. 2005), having also considered as a worthy part of the diet 
of this vast region (e.g. Vanzani et al. 2011; Zeghichi et al. 2003).

According to Rivera et al. (2006), ethnobotanical research has identified about 
2300 different plant and fungi taxa, which are gathered and consumed in the Medi-
terranean region. However, the floristic and cultural richness of this wide area makes 
that the consumption of a great number of these species (about 1000) is strictly lo-
cal. Many wild species are shared by several countries, but only a few taxa (30) are 
eaten in most of the Mediterranean region (Rivera et al. 2006). Most of these wide-
spread species have been traditionally consumed since ancient times, often with a 
dual purpose: nutrition and medicine (e.g. Leonti 2012; Pieroni and Price 2006). In 
this chapter, we present a dossier about the majority of these plants, joining some of 
their available ethnobotanical, historical, and nutritional composition data.

13.1.2 Food Composition Databases

The first food composition studies were carried out to determine the chemical nature 
of the food components that affect human health (McCollum 1957). In this context, 
the first Food Composition Tables were based on analyses carried out during the 
nineteenth century, in the laboratories of researchers such as C. Von Voit in Germa-
ny, W. O. Atwater in USA, and R.H.A. Plimmer in the UK. The first European Food 
Composition Table was published in Germany in 1878 (Konig 1878); later, the trend 
in the elaboration of Food Composition Tables moved towards compiling tables 
from scrutinized data produced by a number of laboratories. At the present moment, 
it is recognized that Food Composition Databases (FCDs) are basic tools for quanti-
tative nutrition research, dietary evaluation, and development of food and nutrition 
policies (Greenfield and Southgate 2003). As it has been recognized by Widdowson 
and McCance in 1943, “there are two schools about food tables. One tends to regard 
the figures in term as having the accuracy of atomic weight determinations; the other 
dismisses them on the ground that a foodstuff may be so modified by the soil, the 
season or its rate of growth that no figure can be a reliable guide to its composition. 
The truth, of course, lies somewhere between these two points of view”.

FCDs are used as a reference for food monitoring and serve the food industry 
and food scientists as a tool for product development and nutritional labelling. They 
provide reference values for nutrient calculations used in dietetics and  epidemiology 
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and are used to evaluate the results of food consumption surveys and to promote or 
encourage the consumption of certain types of foods attending to their nutritional 
interest (Church 2006; Somogyi 1974; Souci et al. 2008). Uncultivated foods as 
well as cooked foods are two of the main missing groups of foods in conventional 
FCD. Both groups constitute the main focus of this chapter.

13.2 Methodology

13.2.1 Selection of Species

As formerly pointed out, the selection of the species to be included in the present 
chapter has been mainly based on the cultural importance of these species in the 
Mediterranean region and on the existence of food composition data.

To check the widespread edible use of the wild plants in the study area, besides 
our own database that included information from nearly 90 Spanish ethnobotanical 
sources, 44 additional ethnobotanical works from other countries have been con-
sulted, and a database has been created covering information about 22 Mediterranean 
countries with both databases. Data about 41 plant species has been included in the 
38 monographs presented in the chapter (Fig. 13.1). As shown in the figure, the ma-
jority of species have been extensively consumed in the Mediterranean region, being 
mentioned from 4 to 16 different countries (most of them, 8 or more). We have in-
cluded, however, a few species more locally used, such as Montia fontana and Rumex 
papillaris. The current use of the first species has been only registered in Spain and 
Portugal, although there are references that report its consumption in the past in other 
European countries. The second one ( R. papillaris) is endemic to the Iberian Penin-
sula, although very close to other more widely distributed sorrels, such as R. acetosa, 
with multiple and similar references of consumption in the Mediterranean region.

Regarding nutritional data, most of the wild species (24) have been subject matter 
for our research group, gathering and analyzing several raw and cooked samples of 
these plants (García-Herrera 2014; Morales 2011; Ruiz-Rodríguez 2014), in some 
cases, with the collaboration of other laboratories. To facilitate the search through 
the chapter, the monographs have been ordered alphabetically by the scientific name 
of the selected plants, and they have been listed at the begining of Section 13.3.

13.2.2 Botanical and Ethnobotanical Data in the Monographs

The first part of the monographs includes the botanical and ethnobotanical data 
of the selected species. The nomenclature of Flora iberica (Castroviejo et al. 
1986–2015) was followed for the species included therein, and Flora Europaea 
(Tutin et al. 1964–1980) for the remaining ones. Nevertheless, the family names ad-
opted were those of the APGIII system (Angiosperm Phylogeny Group III system).
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A list of selected common names used for the plant in different languages are 
presented, firstly its English name, followed by a name in some of the main lan-
guages of each of the Mediterranean countries, sorted in clockwise order, starting 
in Portugal and finishing in Morocco. These languages are indicated in brackets 
by a code of two characters (ISO code 639-1): Arabic (ar), Albanian (sq), Bosnian 

Fig. 13.1  Cultural importance of the 41 wild edible plants selected for the monographs, measured 
by the number of Mediterranean countries where its use have been reported



13 Ethnobotanical and Food Composition Monographs … 277

(bs), Croatian (hr), French (fr), Greek (el), Hebrew (he), Italian (it), Portuguese 
(pt), Spanish (es), and Turkish (tr). In the search of the common names, besides the 
ethnobotanical studies used for each species, other general works have been con-
sulted, such as Flora Agrícola (Sánchez-Monge 1991), Mansfeld’s Encyclopedia of 
Agricultural and Horticultural Crops (Hanelt and Institute of Plant Genetics and 
Crop Plant Research 2001), Plants and Humans in the Near East and the Caucasus 
(Rivera et al. 2012), and A Guide to Medicinal Plants in North Africa (IUCN 2005).

As an aid in the identification of each species, some photographs and a short de-
scription of the plant are presented, together with a paragraph of ecology and distribu-
tion, where the places that the plant can be found throughout the world are described.

The section Food Uses summarizes different aspects of the traditional human 
consumption of the plant, such as where the plant is eaten in the Mediterranean 
region (countries sorted in clockwise order), what part of the plant is used, and how 
it is consumed (mode of preparation, traditional recipes, etc.).

In the section Other Uses, a summary of other interesting uses (medicinal, tech-
nological, cosmetic, etc.) are related. Finally the section of Historical References 
tries to present (when possible) a brief outline on the use of the species in the past 
(especially its edible use) that enable us to better understand its present use.

As usual in ethnobotanical compilations, some taxonomical problems have been 
found in the elaboration of the monographs, related with the allocation of the bo-
tanical species (scientific name) and the ethnospecies (the popular species). Some 
genera (e.g. Rubus, Taraxacum) are taxonomically very complicated. In the case of 
Rubus, the most frequent species are R. ulmifolius grex in the West Mediterranean 
area and R. fruticosus grex in the East, and due to its similarity they have been 
sometimes confused. Moreover, both taxa have nearly the same uses, and it is likely 
that people use them indistinctly. In this monograph we have considered the species 
R. ulmifolius, but in some cases the cited uses could have been referred to other 
closely related species. Similar comments could be done in the case of the genus Ta-
raxacum. We have accepted and compiled the ethnobotanical data published under 
the quite ambiguous name T. officinale, though this botanical name is not presently 
accepted by the specialized botanists.

Other problems encountered are related to the different botanical taxonomies 
followed in the diverse ethnobotanical works. This is the case of the wild chard that 
can be considered an independent species ( Beta maritima L.), feral individuals of 
the cultivated B. vulgaris L., or a subspecies, variety or even a form of B. vulgaris. 
Therefore, if we find B. vulgaris for a wild chard in an ethnobotanical work, it is not 
possible to know if it refers to B. maritima. So, we only have included information 
named as B. maritima or B. vulgaris subsp. maritima.

13.2.3 Elaboration of Food Composition Tables

For their elaboration, most of the criteria recommended by Greenfield and South-
gate (2003) for production, management and use of FCD have been approached, 
especially those concerning to nomenclature, consistency of units (International 
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System), significant figures, factors and procedures used in rounding values. These 
tables are therefore not a simple compilation of data. Their elaboration requires 
experience in food analysis and in FCD management in order to correctly scrutinize 
literature data to assess their suitability for inclusion in these databases.

The methodology for the elaboration of the present Food Composition Tables 
follows a combination of direct and indirect methods, containing original analytic 
values together with other values taken from the literature and a few ones from 
other databases (Greenfield and Southgate 2003).

FCD should include all the nutrients or other bioactive food components that 
are known to be important in human nutrition. As this ideal can rarely be achieved, 
decisions must be made on priorities, based on the state of knowledge in nutritional 
and toxicological sciences, the availability of existing data, the existence of analyti-
cal methods, or the feasibility of analytical work (Greenfield and Southgate 2003). 
In this way, data of a great variety of macronutrients, micronutrients, and bioactive 
compounds have been compiled, as is described below.

Foods, being biological materials, exhibit variations in composition. Thus, as nu-
trient levels may vary greatly because of genetic or environmental factors, the vari-
ability in food composition must be covered in FCD, especially in the most affected 
parameters, for example, carbohydrates and mineral contents. For that reason, some 
of the analytical data recorded were obtained by the authors from samples gathered 
in at least two different sites and two different years for each species. In these analy-
ses, good laboratory practices, in agreement with the criteria described by Green-
field and Southgate (2003), have been followed in the collection, handling, and 
analysis of the samples, since the primary objective of FCD is to provide their users 
accurate compositional information. Many of the analyses were performed in the 
laboratories of Departamento de Nutrición y Bromatología II-Bromatología (Facul-
tad de Farmacia, Universidad Complutense de Madrid, Spain), with the collabora-
tion of several other laboratories (Centro de Investigação de Montanha-Instituto 
Politécnico de Bragança, Portugal; Instituto de Ciencia y Tecnología de Alimentos 
y Nutrición-Consejo Superior de Investigaciones Científicas, Madrid, Spain). Some 
of these results have been presented as internal laboratory reports or doctoral thesis.

Other data have been taken from different scientific literature sources, either to 
complete the directly obtained analytical data or to have information on other non-
analyzed species. These data were compiled by searching and evaluating a variety 
of scientific literature sources, including a thorough revision of scientific databases, 
taking special care in designing the search strategies and keywords. Different types 
of data sources were found: primary publications (mainly journals on Food Science 
and Nutrition) and secondary publications (reviews and other published compila-
tions of compositional data, including Food Composition Tables, computerized da-
tabases, and material published in books). All these bibliographic materials have 
been scrutinized and evaluated following quality criteria, especially in that related 
to identification and origin of the plants, edible parts analyzed, sampling, analyti-
cal procedures, and general reliability of the data presented. As a result, some have 
been rejected and other incorporated into the present tables, recording all the rel-
evant information. Several sets of compatible values have been obtained for each 
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wild plant studied, which have been re-evaluated to detect “outlier” values (those 
who lie outside a reasonable variability of the values). In this case, a decision was 
taken, judging the values with a higher level of confidence, and selecting a reason-
able range of variation based on scientific criteria or analytical experience.

Thus, in agreement with Greenfield and Southgate (2003), data used in the elab-
oration of FCD may be:

• Original analytical values. Many data herein presented are original analytical 
values obtained by a combination of direct (analytically) or indirect (compiled) 
methods. They have been assimilated into the database unmodified or as a selec-
tion or average of analytical values. Some original calculated values may enter 
this category (e.g. protein values calculated by multiplying nitrogen by the suit-
able factor).

• Imputed values. Estimated data derived from analytical values obtained from 
incomplete or partial analyses of a food (e.g. values expressed on fresh basis 
obtained from dry basis values).

• Calculated values. For example, average of different analytical values coming 
from different sources, or data about fatty acids categories obtained through the 
sum of individual compounds.

• Borrowed data, taken from other tables or databases. These data are rare, since 
the presence of wild plant foods in conventional FCD is scarce, and they do not 
always indicate the origin of the samples.

In every case, original analytical data (from either directly made analysis or rigor-
ously scrutinized sources) are the most frequent in the tables presented; borrowed 
data have been included only when original analytical data were not available or 
were considered of insufficient quality. Other types of values that can be found in 
the tables presented are, for example, trace values (traces), which mean that the con-
stituent is present but at a level that cannot be measured adequately; non-detected 
(nd) values, which are used when analytical work has shown that a constituent is not 
presumably present in the food (below detection limit of the analytical technique 
applied).

For each species presented, the composition of the edible parts are described and 
expressed per 100 g of edible portion (fresh weight basis). In some cases, due to dif-
ferences in the expression of the results in literature, transformations have been done 
with the given moisture content to obtain the final data. Sometimes an aproximation 
has been done, estimating fresh basis values from the average moisture content of 
the vegetable (when the original source presents dry basis data, without a moisture 
value); when the only data appearing in the table is obtained this way, it is presented 
as aproximate by the symbol “≈”. The criteria of Greenfield and Southgate (2003), 
in terms of units and number of significant digits, have been generally followed.

A wide variability is often found in literature for each specific parameter and 
species, depending on the natural variation of plants, the analytical methodology 
applied, and other possible sources of variation. In order to take into account such 
variability, the tables include an average value (arithmetic mean), obtained from all 
the analytical reports compiled, and a variation range from individual data (as an 
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interval between the lowest and the highest values reported) in those cases where 
enough data were available. In some cases, a wide variation range is recorded, when 
data from different populations of the studied species are compiled. On the contrary, 
when a small variation range is recorded, it may be due to a high stability in a given 
parameter or due to the fact that only one result was found in the literature. In the 
last case, the variation range depends only on the analytical technique and does not 
include natural variability. When no range is given means that, just one value with 
no deviation is found in the scientific literature.

As many wild plants are eaten cooked, and cooking process may lead to com-
position changes in the foods (mainly nutrient losses by either solubilisation on 
the surrounding liquid or thermal degradation), the composition of some cooked 
plants is also given in separate composition tables when available (as directly ob-
tained original analytical data). In those cases, a standard cooking process (boiling 
in water) has been taken as a reference to estimate the nutrient composition of the 
final boiled product (it should be taken into account that variations in the traditional 
cooking preparations may occur and thus this would lead to differences in the final 
composition of the food).

13.2.4 Description of Food Composition Tables in the 
Monographs

All the parameters recorded for most of the selected species have been usually or-
ganized in three tables: the first for main constituents, the second for vitamins and 
other constituents (minor compounds, bioactive substances), and the third for fatty 
acids profile. At the end, there is a box of remarks. When available, two additional 
tables that presents the nutritional data of cooked material and other box of remarks 
are presented.

Table of Main Constituents
This table records data on proximal composition of the edible material: water, avail-
able carbohydrates, dietary fibre, proteins, lipids and minerals. Although the proxi-
mate system for routine analysis, devised in the middle nineteenth century (Henne-
berg and Stohmann 1860), has evolved to improve some of the methodologies used, 
the concept of proximal composition still remains nowadays. The term “proximate” 
may be useful to represent the gross components that make up foods, being the 
basis for the analysis of food for several purposes, including food legislation and 
labelling (Greenfield and Southgate 2003), and thus it is included for the species 
recorded in these tables. In many cases, subcategories of main constituents have 
been described, for example, individual sugars or mineral elements. The analyti-
cal methodology applied for the quantification of these components in plant foods 
may vary within the different bibliographic sources, but only scientifically accepted 
methodologies have been considered.

These tables start with the energy value, calculated from the parameters of proxi-
mal composition (lipids, available carbohydrates, proteins, fibre, and  available or-
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ganic acids such as citric, lactic, and malic acids), using the energy equivalents 
recommended by the Regulation (EU) No 1169/2011 of the European Union (Euro-
pean Parliament and Council 2011) on the provision of food information to consum-
ers (9 kcal/g for lipids; 4 kcal/g for proteins and available carbohydrates; 2 kcal/g 
for dietary fibre; and 3 kcal/g for available organic acids being malic, citric, and 
lactic acids). Alcohol and polyols have been excluded because of the absence of 
reliable data of these nonrelevant compounds in the wild greens and fruits included 
in these tables.

It is essential to give values for water (moisture) content in published food com-
position data at all levels of data management, as variations in water content are 
important determinants of the levels of other components, and water content values 
make possible to compare nutrient values on a similar moisture basis (Greenfield and 
Southgate, 2003). Moisture analysis by desiccation methods (oven, vacuum oven, 
freeze-drying) has been considered as suitable for inclusion in the present tables.

The earlier practice of including carbohydrates “by difference” in FCD was fre-
quent according to the state of knowledge of carbohydrate chemistry at the time of 
Weende proximate system of food analysis. Nowadays, carbohydrates contents may 
be identified much more in detail, and for that reason this practice has proven to be 
scientifically unsound, and according to Food and Agriculture Organization of the 
United Nations/World Health Organization (FAO/WHO 1998) should be phased 
out as soon as possible. For this reason, in the present tables, at least two values are 
recorded for most cases:

• Available carbohydrates, that is, the sum of all carbohydrates (monosaccharides, 
oligosaccharides, and starch) which are physiologically utilized. This content 
is usually measured by hydrolysis of high molecular weight carbohydrates and 
quantifying soluble sugars by colorimetry or other techniques. Some individual 
carbohydrates, such as mono and disaccharides, have been indicated when avail-
able, coming from more specific techniques, such as high performance liquid 
chromatography, with slight variations between the different studies. These con-
tents may be more relevant for fruits and may be quite variable depending on the 
maturity stage.

• Dietary fibre, understood as all high molecular substances, which cannot be split 
by the enzymes of the human digestive system. Basically they include certain 
non-digestible oligosaccharides and polysaccharides as well as some other com-
pounds (e.g. some phenolic compounds) that may be associated with them. It 
must be distinguished between water soluble (e.g. pectins, gums) and insoluble 
(e.g. cellulose, hemicellulose, lignin) dietary fibre. The different analytical meth-
ods generally used for the determination of the dietary fibre may lead to different 
results. The data recorded in these tables, come mostly from enzimatic–gravi-
metric methods.

Crude protein content usually includes low-molecular nitrogen compounds such as 
free amino acids and peptides, as well as other nitrogen compounds in low amounts. 
This value is obtained from the total N content determined by the Kjeldahl method 
(acid-catalyzed digestion, distillation, and titration), multiplied by 6.25, which is 
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the most widely used factor applied to fruits and vegetables analysis and recom-
mended for nutrition labelling by Regulation (EU) No 1169/2011 (European Parlia-
ment and Council 2011), on the provision of food information to consumers.

Crude lipid contents are included, usually coming from continuous or discon-
tinuous extraction, using an organic solvent, and determined gravimetrically after 
evaporation.

Regarding mineral content, data may be given as ash (obtained by dry mineral-
ization at temperatures of 450 °C or higher) or as a more detailed mineral profile 
including main macro and microelements, usually obtained by a more specific tech-
nique such as atomic absorption spectroscopy.

Table of Vitamins and Other Constituents
As previously explained in Chap. 6, “vitamin” is a physiological rather than a 
chemical term, expressing a certain physiological activity, due to a group of chemi-
cal compounds, usually related structurally to one another (vitamers). The different 
vitamers are often separately measured using many different techniques, and some-
times a value is calculated for a total vitamin activity. The available vitamin data for 
the selected species have been recorded, including:

• Hydrosoluble vitamins (including different vitamers, when available), such as 
vitamins C (ascorbic and dehydroascorbic acids) and B9 (folic acid and folates).

• Liposoluble vitamins (including different vitamers, when available), such as vi-
tamin E (tocopherols) and provitamin A (carotenoids). When possible, vitamin 
A activity has been calculated as retinol activity equivalents (RAE), rather than 
retinol equivalents, in agreement to Mahan et al. (2012), calculated as [1].

Other food constituents included in the present tables are:

• Vitamin-related compounds, such as carotenoids, either with or without provi-
tamin A activity (when available). They are relevant due to their well-known 
antioxidant properties (Isler 1971). In some cases (specified), carotenoids are 
given as the sum of the whole carotenoids, expressed as β-carotene.

• Other compounds of interest, such as organic acids, considered as relevant for 
fruits and vegetables FCD (with specification of the individual compounds and 
special interest in oxalic acid as an antinutrient), phenolics (as total amount and/
or individual compounds, depending on the information available), and any other 
food constituent of interest from a point of view of the food use of the described 
species.

Phenolic data are complex, due to the high variety of compounds involved, the 
limitations in methodology, and the form of expressing the results (as an individual 
compound, or as a sum of different identified compounds; fresh weight, dry weight, 
or amount per g of dry extract in a given solvent), which make data comparisons 
very difficult. Total phenolic contents are included in the tables, sometimes ex-
pressed in different units, and in some cases, information about different families of 
compounds (e.g. phenolic acids or anthocyanins) are given.

[ ] ( ) / ( ) /1 RAE -carotene 12 -carotene -cryptoxhantine 24= + +β α β
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Table of Fatty Acids Profile
The values given represent the amounts of the individual fatty acids, expressed as 
percentage (%) of total fatty acids content. These data usually come from analysis 
made by gas chromatography of the methyl esters of the fatty acids prepared by 
transmethylation of the lipid extracts from foods, with slight variations among the 
different studies. Identification difficulties derived from methodology have been 
taken into account when compiling fatty acids proportions. Although other minor 
compounds may be present, only the main components of fatty acids fraction have 
been included in tables:

C12:0 Lauric acid
C14:0 Myristic acid
C16:0 Palmitic acid
C16:1 Palmitoleic acid
C18:0 Stearic acid
C18:1n − 7 11-Octadecenoic acid
C18:1n − 9 Oleic acid
C18:2n − 6 Linoleic acid
C18:3n − 3 α-Linolenic acid
C18:3n − 6 γ-Linolenic acid
C18:4n − 3 Stearidonic acid
C20:0 Arachidic acid
C20:1n − 9 Eicosenoic acid
C22:0 Behenic acid
C22:1n − 9 Erucic acid
C24:0 Lignoceric acid
C24:1n − 9 Nervonic acid

These tables also include a separated section of categories with some useful calcu-
lated values. Firstly, the distribution of fatty acids in saturated fatty acids (SFA), 
monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA). 
Secondly, the distribution of unsaturated fatty acids in three categories related to 
the position of the double bonds: the omega-3 fatty acids ( n − 3), the omega-6 fatty 
acids ( n − 6), and the omega-9 fatty acids ( n − 9), which has nutritional importance 
due to their different properties in the human body.

References
Each table presents the citations of the consulted references used to calculate the av-
erage and range values for each compound. The complete references can be found 
in the list of references at the end of the chapter.

When available, the origin of the plants studied and the number of samples ana-
lysed (if more than one batch has been sampled) is also included. This may have 
interest in terms of representativeness of the results.

In all the cases, special care has been taken to compile only studies that indi-
cate the wild origin of the samples. Usually, only data of plants gathered from the 
wild in the Mediterranean region and surrounding areas are recorded in the tables. 
However, other data have been exceptionally recorded when there is no information 
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about a given parameter from Mediterranean plants, being in these cases indicated 
as a footnote.

Remarks
This part concisely records in a box, the most interesting features of the plants de-
scribed, from a nutritional point of view, in the light of the current Nutrient Refer-
ence Values (NRV) or other claims established by European Regulations about nu-
trition and health claims and food information to consumers (European Parliament 
and Council 2006, 2011). In this sense, a given plant food has been considered as a 
source of a vitamin or mineral if 100 g of fresh material provides 15 % of NRV for 
that vitamin or mineral (taking into account the range of variability in the literature 
data). However, if the average value but not the whole range of variability reaches 
15 % NRV, or if there is no range of variability given, it is mentioned that the plant 
may be sometimes a source of that nutrient.

Some specific remarks require some calculations:

• For plants being vitamin A sources, the calculated values of RAE according to [1].
• The contribution of tocopherols to vitamin E activity has been calculated ac-

cording to FAO/WHO (2001) from D-α-tocopherol (100 % vitamin E activity), 
β-tocopherol (50 %), γ-tocopherol (10 %), and δ-tocopherol (3 %) contents.

• Mentions about n−3 fatty acids contents come from estimations made with the 
relative percentage of fatty acids, the amount of lipids in the sample and a con-
version factor of 0.8 for vegetables and fruits given by Greenfield and Southgate 
(2003) to calculate the total fatty acids amount in the fresh plant.

This part also contains some information related to cautions in the consumption 
of some species that have been reported to be potentially dangerous for groups of 
population, due to the presence of some hazardous compounds, for example, oxalic 
acid that should be avoided by people suffering of some kidney diseases, or the 
presence of high levels of nitrates, whose intake should be limited in the diet of 
infants (Concon 1988).

13.3 Ethnobotanical and Nutritional Dossier of Selected 
Mediterranean Wild Edible Plants

The following pages present 38 monographs about 41 selected wild edible plants 
traditionally consumed in different countries of the Mediterranean region. Each one 
has been elaborated by different authors, according to the following list (referred as 
ethnobotanical part; Food Composition Tables responsibles). The coordination and 
edition of all of them have been responsibility of Javier Tardío and María de Cortes 
Sánchez-Mata as coordinators of this chapter.

1 Allium ampeloprasum, J Tardío, M Molina; P García-Herrera, MC Sánchez-Mata
2 Anchusa azurea, J Tardío; P Morales, M Cámara
3 Apium nodiflorum, M Molina, J Tardío; P Morales, M Cámara
4 Arbutus unedo, J Tardío, M Molina; V Fernández-Ruiz, BM Ruiz-Rodríguez
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 5 Asparagus acutifolius, J Tardío, R Morales; P García-Herrera, M Cámara
 6 Beta maritima, M Molina, J Tardío; P Morales, V Fernández-Ruiz
 7 Borago officinalis, J Tardío; E Torija, JL Guil-Guerrero
 8 Bryonia dioica, M Molina, J Tardío; C Díez-Marqués, MC Sánchez-Mata
 9 Capsella bursa-pastoris, M Molina, J Tardío; C Díez-Marqués, MC 

Sánchez-Mata
10 Chenopodium album, M Molina, J Tardío; D Sánchez-Mata, MC Sánchez-Mata
11 Chondrilla, juncea, J Tardío; P García-Herrera, M Cámara
12 Cichorium intybus, M Molina, J Tardío; P García-Herrera, V Fernández-Ruiz
13 Crataegus monogyna, J Tardío, R Morales, M Pardo-de-Santayana; V Fernán-

dez-Ruiz, BM Ruiz-Rodríguez
14 Crithmum maritimum, R Morales, J Tardío; E Torija, MC Sánchez-Mata
15 Eruca vesicaria, J Tardío, M Molina; D Sánchez-Mata, C Díez-Marqués
16 Foeniculum vulgare, M Molina, J Tardío; P Morales, C Díez-Marqués
17 Humulus lupulus, M Molina, J Tardío; P García-Herrera, M Cámara
18 Malva sylvestris, J Tardío, R Morales; MC Matallana, MC Sánchez-Mata
19 Montia fontana, J Tardío, M Pardo-de-Santayana; P Morales, MC Sánchez-Mata
20 Myrtus communis, J Tardío; D Sánchez-Mata, N Boussalah
21 Papaver rhoeas, J Tardío, R Morales; P Morales, C Díez-Marqués
22 Plantago lanceolata and P. major, J Tardío, M Molina, M Pardo-de-Santayana; 

D Sánchez-Mata, C Díez-Marqués, E Torija, JL Guil-Guerrero
23 Portulaca oleracea, J Tardío, R Morales; E Torija, JL Guil-Guerrero
24 Prunus spinosa, M Pardo-de-Santayana, J Tardío, R Morales; V Fernández-

Ruiz, BM Ruiz-Rodríguez
25 Rorippa nasturtium-aquaticum, J Tardío, M Molina; MC Matallana, MC 

Sánchez-Mata
26 Rubus ulmifolius, M Pardo-de-Santayana, J Tardío, R Morales; V Fernández-

Ruiz, BM Ruiz-Rodríguez
27 Rumex acetosa and R. papillaris, J Tardío, R Morales; P Morales, M Cámara
28 Rumex pulcher, J Tardío, R Morales; P Morales, M Cámara
29 Scolymus hispanicus, J Tardío, M Pardo-de-Santayana; P García-Herrera, V 

Fernández-Ruiz
30 Silene vulgaris, J Tardío; P Morales, MC Sánchez-Mata
31 Silybum marianum, J Tardío; P García-Herrera, MC Sánchez-Mata
32 Smilax aspera, R Morales, J Tardío; MC Matallana, MC Sánchez-Mata
33 Sonchus asper, M Molina, J Tardío; C Díez-Marqués, MC Sánchez-Mata
34 Sonchus oleraceus, J Tardío, R Morales; P García-Herrera, MC Sánchez-Mata
35 Tamus communis, J Tardío; P García-Herrera, MC Sánchez-Mata
36 Taraxacum officinale and T. obovatum, J Tardío, M Molina, R Morales; MC 

Matallana, C Díez-Marqués, P García-Herrera, P Morales
37 Urtica dioica, R Morales, J Tardío; C Díez-Marqués, MC Sánchez-Mata
38 Ziziphus lotus, J Tardío, R Morales; N Boussalah, MC Sánchez-Mata

Regarding the authors of photographs, all of them has been taken by Javier Tar-
dío, except for 3.2, 3.3 ( Apium nodiflorum), 17.1 and 17.4 ( Humulus lupulus) by 
María Molina, and 22.3 ( Plantago major), 30.2 ( Silene vulgaris), and 32.2 ( Smilax 
aspera) by Ramón Morales.
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13.3.1 Allium ampeloprasum L. (Amaryllidaceae)

Common Names Wild leek, ajoporro (es), poireau d’été (fr), porro selvatico (it), 
agriopraso (el), pırasa (tr), thum barri (ar).

Description Perennial and bulbous plant, which can reach more than 1 m tall when 
in bloom. The bulb is surrounded by numerous bulblets nearly spherical. It has a 
thick cylindrical stem with leaves that reach half its height. They are lanceolate, 
wide, flat, glabrous, and with a strong smell of garlic. The inflorescence is a charac-
teristic umbel, almost spherical, about 8 cm in diameter, with numerous tiny white 
to purple flowers. Its height and broad leaves folded along the midrib clearly distin-
guishes this species from other wild and also edible garlics.

Ecology and Distribution It grows in almost all types of soils with preference for 
well drained and rich in organic matter ones, in clearings, thickets, meadows, rocky 
outcrops, dunes, and also roadsides and path verges, gardens, and waste ground. 
Native to the Mediterranean region, it has been introduced in other regions of the 
world, such as North and South America and Australia.

Food Uses The bulb and the pseudostem formed by the overlapping basal leaves 
are traditionally gathered before blooming and consumed both as a vegetable and as 
a condiment in the Mediterranean region. Its use has been registered at least in Spain 
(e.g. Cobo and Tijera 2011; Perera López 2005; Tardío et al. 2002; Tejerina 2010), 
Italy (e.g. Guarrera 2006; Lentini and Venza 2007; Leonti et al. 2006; Picchi and 
Pieroni 2005), Slovenia (Cerne 1992), Croatia (Łuczaj et al. 2013b), Greece (Hadji-
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chambis et al. 2008; Leonti et al. 2006), Cyprus (Della et al. 2006), Turkey (Dogan 
et al. 2004; Ertuğ 2014), Jordan (Al-Qura’n 2010), Palestine (Ali-Shtayeh et al. 
2008), and Tunisia (Le Floc’h 1983). As a vegetable, it is consumed raw, directly 
from the field or used in salads, and much more frequently cooked. The edible part 
is usually boiled and then consumed in different ways, such as seasoned with olive 
oil and vinegar, fried in the pan, sometimes with scrambled eggs or in omelettes (e.g. 
Couplan 2009a; Dogan 2012; Hadjichambis et al. 2008; Tardío et al. 2006). Occa-
sionally, they are preserved in vinegar (Barandiarán and Manterola 1990) or in oil, 
after being boiled for some minutes in water and vinegar (Picchi and Pieroni 2005).
As a condiment, it has been used as a garlic substitute being included in different 
recipes, such as soups, sauces, chicken broth, potato stews, or as a seasoning for 
olives (e.g. Cobo and Tijera 2011; Lentini and Venza 2007; Molina 2001; Tardío 
et al. 2002; Tejerina 2010).

Other Uses Though not widely extended, it also has medicinal uses (Benítez 2009; 
Guarrera 2006; Guenaoui et al. 2013; Triano et al. 1998). It has been mentioned for 
its antihelminthic and diuretic properties and its use against hypertension (Guarrera 
2006). Its consumption has been also popularly considered healthy for its digestive 
properties (Benítez 2009) or for lowering fat content (Triano et al. 1998).

Historical References This plant is known since antiquity. Although Theophras-
tus (third century BC) does not include a clear description of the species when he 
treats the cultivated leek, onion, and garlic, it is likely that he referred to A. ampelo-
prasum when he mentioned other wild similar species (Teofrasto 1988). Never-
theless, Dioscorides (first century AD) clearly specified the medicinal properties 
of the wild leek, a plant known as ampeloprason by the Greeks. He said that it 
is worse for the stomach than leeks but warmer and more diuretic, expelling the 
menstrual blood, and also being good for those bitten by poisonous beasts (Laguna 
1555; Osbaldeston 2000). Andres Laguna, the Spanish translator of Dioscorides, 
explained in his own comments (Laguna 1555) that this wild species typically 
grows inside the vineyards, hence called ampeloprason (vineyard leek). According 
to the Spanish  botanist Bernardo Cienfuegos (1627), this species was consumed in 
the seventeenth century in Spain and was described as a plant, with intermediate 
characteristics between garlic and leek.
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Food Composition Tables for raw bulbs and pseudostem of Allium ampeloprasum 
(Tables 13.1, 13.2 and 13.3).

Table 13.1  Main constituents, per 100 g of fresh bulbs and pseudostems of A. ampeloprasum
Units Average Range References

Energy (calculated value) kcal 85 65–103 –
Moisture g 78.3 76.3–80.3 1, 2
Available carbohydrates g 16.6 12.8–19.7 2
Dietary fibre g 4.23 3.72–4.74 2
Proteins g 1.67 1.31–2.03 2
Lipids g 0.34 0.13–0.61 2, 3
Ash g 0.79 0.59–0.99 2
 K mg 455 145–600 2, 4
 Na mg 32.7 10.8–67.3 2, 4
 Ca mg 75.6 30.2–88.7 2, 4
 Mg mg 17.1 7.80–21.4 2, 4
 Fe mg 0.54 0.28–0.92 2, 4
 Cu μg 110 40–250 2
 Mn μg 110 70–152 2
 Zn μg 752 30–1672 2, 4

1 Sánchez-Mata et al. (2012), Spain (2 samples), 2 García-Herrera et al. (2014a), Spain (4 sam-
ples), 3 Morales et al. (2012b), Spain (4 samples), 4 Romojaro et al. (2013), Spain

Table 13.2  Vitamins and other constituents, per 100 g of fresh bulbs and pseudostems of A. 
ampeloprasum

Units Average Range References
Vitamin B9 (total folates) μg 145 100–190 1
Vitamin C mg 6.69 2.71–12.67 2, 3

 Ascorbic acid mg 3.44 1.66–6.94 2, 3
 Dehydroascorbic acid mg 2.14 0.53–3.83 2, 3

Vitamin E
 α-tocopherol mg 0.03 0.02–0.04 3
 β-tocopherol mg nd – 3
 γ-tocopherol mg nd – 3
 δ-tocopherol mg 0.02 0.02–0.02 3

Organic acids
 Oxalic acid mg 50.3 13.32–239 2, 3
 Glutamic acid mg 51.7 5.90–160 3
 Malic acid mg 70.9 7.57–275 2, 3
 Citric acid mg 24.4 9.44–58.3 2, 3
 Fumaric acid mg 0.85 0.42–1.29 2
 Succinic acid mg 2.14 Traces–3.23 3

Phenolics (total) mg 42.2a 37.6–46.8 3
 Flavonoids mg 6.30b 5.93–6.66 3

1 Morales et al. (2015), Spain (4 samples), 2 Sánchez-Mata et al. (2012), Spain (2 samples), 3 
García-Herrera et al. (2014a), Spain (4 samples); nd non-detected values
a Expressed as gallic acid
b Expressed as catechin
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Remarks (bulbs and pseudostems of A. ampeloprasum)

• High available carbohydrate content, compared to other vegetables.
• High proportion of n − 6 and low of n − 3 fatty acids, compared to other 

vegetables.
• Source of dietary fibre (> 3 g/100 g).
• Low Na content (< 120 mg/100 g). It can be considered as a source of vita-

min B9 (folates); sometimes also a source of K and Cu.

Table 13.3  Fatty acids profile (% of total fatty acids) of fresh bulbs and pseudostems of A. 
ampeloprasum
Individual compounds Average Range References
12:0 0.18 0.15–0.21 1, 2
14:0 0.64 0.61–0.67 1, 2
16:0 26.4 26.1–26.7 1, 2
16:1 0.22 0.20–0.24 1, 2
18:0 3.30 2.95–3.65 1, 2
18:1n − 9 7.39 6.97–7.81 1, 2
18:2n − 6 53.4 53.2–53.7 1, 2
20:0 0.80 0.58–1.02 1, 2
22:0 2.75 2.70–2.80 1, 2
24:0 1.73 1.25–2.21 1, 2
Categories (calculated values)
SFA 37.0 36.3–37.6 –
MUFA 7.9 7.6–8.1 –
PUFA 55.2 54.2–56.2 –
n − 3 nd – –
n − 6 55.2 54.2–56.2 –
n − 9 7.9 7.6–8.1 –

1 Morales et al. (2012b) Spain (4 samples); 2 García-Herrera et al. (2014a) Spain (4 samples)SFA 
saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids; nd 
non-detected values
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13.3.2 Anchusa azurea Mill. (Boraginaceae)

Common Names Bugloss, lenguaza (es), buglosse azurée (fr), buglossa (it), ago-
glossos (el), siğirdili (tr), mussais (ar).

Description Perennial, herbaceous, and bristly plant, with a deep taproot that pro-
duces a rosette of basal leaves in springtime. It has acute, ovate-lanceolate leaves, 
and one or several stems that grow up to 1–1.5 m high. The lower leaves are peti-
olate, 30 cm long, while the apical ones are sessile and smaller. It has bright blue 
or violet flowers, with a white centre, forming loose racemes (cymes). They are 
5-lobed, with densely hairy protuberances in the insertion of the calyx. The fruits 
are small and rough textured.

Ecology and Distribution It grows in waste grounds, roadsides, and arable lands, 
occasionally in scrublands. It is a drought- and frost-resistant species, preferring 
open sunny positions. Flowering occurs during late spring and early summer. Its 
range covers central, southern, and western Europe, northern Africa and western 
Asia, although it also grows naturalized in northern Europe.

Food Uses This species have been traditionally consumed as vegetable in some 
Mediterranean countries, such as Spain (e.g. Benítez 2009; Tardío et al. 2006), 
Italy (Guarrera 2006), Cyprus (Della et al. 2006; Hadjichambis et al. 2008), Turkey 
(Ertuğ 2014; Dogan 2012), Jordan (Al-Qura’n 2010), Tunisia (Le Floc’h 1983), 
and Morocco (Nassif and Tanji 2013). Though the plant is completely covered by 
bristles, they disappear after boiling. The majority of the ethnobotanical references 



13 Ethnobotanical and Food Composition Monographs … 291

mention the use of the basal leaves (sometimes only the midribs), but there are also 
references of the consumption of the young flowering shoots and even the roots. 
The whole leaves are usually cooked, either alone (Dogan 2012; Guzmán 1997; 
Hadjichambis et al. 2008; Tardío et al. 2002) or included in mixed vegetable recipes 
with up to 20 wild vegetables, as recorded in Spain (Verde et al. 1998) and Morocco 
(Nassif and Tanji 2013). In the south of Spain, the midribs of the leaves, the young 
shoots and even the roots are consumed as fritters, battered and fried in olive oil 
(Benítez 2009; Blanco and Cuadrado 2000; Fernández Ocaña 2000; Triano et al. 
1998). It is said that its flavour is similar to fish fritters, so they are sometimes called 
boquerones del campo (field anchovies).

The sucking of nectar found in the basal part of the flowers is other minor but 
widely extended food use of this species, especially by children, at least in Spain 
(Benítez 2009; Fajardo 2008; Tardío et al. 2006), Italy (Couplan 2009a), Albania 
(Hadjichambis et al. 2008), and Jordan (Al-Qura’n 2010). This is the reason of one 
of its Spanish names, chupamiel (honey suck).

The consumption of other species of the same genus have been mentioned in 
the Mediterranean basin, such as A. officinalis L. in Italy (Picchi and Pieroni 2005) 
and south of France (Couplan 2009a), A. strigosa Banks & Sol. in Palestine (Ali-
Shtayeh et al. 2008) and Cyprus (Della et al. 2006), and A. arvensis (L.) M. Bieb. in 
Croatia (Łuczaj et al. 2013b).

Other Uses The use of the crushed root against bleeding and for healing wounds 
seems to have been extended in the past, at least in the south of Spain (Benítez 
et al. 2010; Fernández Ocaña 2000; Mesa 1996). It has also been used for its anti- 
inflammatory properties, against snake bites, and, less frequently mentioned, 
against animal and human respiratory complaints (Benítez et al. 2010; Fajardo et al. 
2007; Guarrera 2006). Some people consider that the consumption of the cooked 
leaves or roots is helpful against kidney stones (Benítez et al. 2010), an interesting 
reference of the popular use of this species as a medicinal food.

The aerial part cooked and mixed with flour or bread waste was widely used to 
feed animals in southern Spain, especially turkeys (Benítez 2009; Fernández Ocaña 
2000; Sánchez-Romero 2003). It is also a well-known honeybee plant (Fernández 
Ocaña 2000; Tardío et al. 2002).

Historical References Although the leaves of this species were surely used as a 
vegetable since ancient times, the oldest reference we have found is from a Span-
ish botanist of the seventeenth century (Cienfuegos 1627). He mentioned that this 
species, called lengua de buey (ox tongue) or lenguaza, together with other wild 
vegetables, was consumed like spinach especially in times of scarcity.

However, the species of this genus were well known in the antiquity for their red 
roots, which were used as cheek colouring for women (Laguna 1555). Dioscorides 
also remarked the astringent properties of the root that was good (boiled in wax and 
oil) for skin problems, such as burns, ulcers, or erysipela (Osbaldeston 2000). As 
mentioned before, some of these uses have prevailed in Spain since the past century.

Food Composition Tables for raw tender leaves of Anchusa azurea (Tables 13.4, 
13.5 and 13.6).
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Table 13.4  Main constituents, per 100 g of fresh tender leaves of A. azurea
Units Average Range References

Energy (calculated value) kcal 24 16–36 –
Moisture g 91.2 89.7–92.7 1
Available carbohydrates g 1.30 0.90–1.80 2
Dietary fibre g 3.90 3.50–4.40 2
Proteins g 1.45 1.00–2.80 2, 3
Lipids g 0.54 0.07–0.93 2, 4
Ash g 1.60 1.25–2.10 2, 3
 K mg 415 268–1172 2, 3
 Na mg 28.7 13.8–37.4 2
 Ca mg 164 126–219 2, 3
 Mg mg 17.4 9.60–35.1 2, 3
 P mg 66 – 3
 Fe mg 2.45 0.56–2.97 2, 3
 Cu μg 100 90–280 2
 Mn μg 469 150–699 2, 3
 Zn μg 307 185–860 2, 3

1 Morales et al. (2014) Spain (5 samples), 2 García-Herrera (2014) Spain (5 samples), 3 Ayan et al. 
(2006) Turkey

Table 13.5  Vitamins and other constituents, per 100 g of fresh tender leaves of A. azurea
Units Average Range References

Vitamin B9 (total folates) μg 278 256–299 1
Vitamin C mg 12.1 5.41–18.11 2

 Ascorbic acid mg 0.67 0.57–1.39 2
 Dehydroascorbic acid mg 11.74 4.81–18.15 2

Vitamin E
 α-tocopherol mg 0.36 0.28–0.44 2
 β-tocopherol mg 0.05 0.05–0.05 2
 γ-tocopherol mg 0.11 0.09–0.13 2
 δ-tocopherol mg 0.01 0.01–0.01 2

Organic acids
 Oxalic acid mg 378 110–640 2
 Glutamic acid mg 191 181–211 2
 Malic acid mg 42.9 24.7–61 2
 Citric acid mg 8.02 nd–13.2 2
 Fumaric acid mg 71.8 26–130 2

Phenolics (total) mg 148a 144–150 2
mg ≈179b 176–182 3

 Flavonoids mg 84.8c 80.8–84.8 2
1 Morales et al. (2015) Spain (5 samples), 2 Morales et al. (2014) Spain (5 samples), 3 Conforti 
et al (2011) Italy; nd non-detected values  
a Expressed as gallic acid 
b Expressed as chlorogenic acid 
c Expressed as catechin
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Table 13.6  Fatty acids profile (% of total fatty acids) of fresh tender leaves of A. azurea
Individual compounds Average Range References
12:0 0.07 0.05–0.09 1
14:0 0.35 0.33–0.37 1
16:0 10.4 9.83–11.1 1
16:1 0.14 0.13–0.15 1
18:0 1.67 0.48–2.86 1
18:1n − 9 2.20 2.20–2.20 1
18:2n − 6 12.2 12.0–12.3 1
18:3n − 3 64.7 64.5–65.0 1
18:3n − 6 1.46 1.43–1.49 1
20:0 1.64 2.47–1.81 1
20:1n − 9 0.17 0.16–0.18 1
22:0 1.25 1.19–1.31 1
24:0 0.72 0.63–0.81 1
24:1n − 9 0.40 0.37–0.43 1
Categories (calculated values)
SFA 16.6 14.7–18.3 –
MUFA 3.1 3.0–3.1 –
PUFA 80.4 78.7–82.2 –
n − 3 67.9 66.5–69.5 –
n − 6 14.0 13.8–14.2 –
n − 9 3.1 3.0–3.1 –

1 Morales et al. (2012b) Spain (4 samples)SFA saturated fatty acids, MUFA monounsaturated fatty 
acids, PUFA polyunsaturated fatty acids

Remarks (tender leaves of A. azurea)

• Low energy value (< 40 kcal/100 g).
• Source of dietary fibre (> 3 g/100 g).
• High proportion of PUFA and n − 3 fatty acids content (mainly α-linolenic 

acid, 18:3n − 3), compared to other vegetables. Good n − 3/n − 6 ratio (> 4).
• High content of oxalates.
• Very low Na content (< 40 mg/100 g). It can be considered as a source of 

Ca and vitamin B9 (folates); sometimes also a source of K, Fe, Mn, and 
vitamin C.
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13.3.3 Apium nodiflorum (L.) Lag. (Apiaceae)

Common Names Fool’s watercress, rabaça (pt), berra (es), ache faux cresson (fr), 
sedanina d’acqua (it), arkoseleno (el), bendik (tr), qurra (ar).

Description Perennial herb, glabrous, with hollow and long stems up to 1 m, pros-
trate or floating in the water surface, rooting at the lower nodes. The leaves are alter-
nate and pinnate with 3–13 ovate-lanceolate leaflets. The inflorescence is an umbel 
of umbels, up to 2 cm, with 3–15 rays, and very small white, 5-petalled flowers. The 
fruits 2–2.5 mm are ovoid, glabrous, with stout ridges.
It could be confused with the also edible Rorippa nasturtium-aquaticum (L.) Hayek 
and with the supposedly poisonous Berula erecta (Huds.) Coville, but the leaf stalks 
of the latter have a distinct ring towards the base, and the inflorescence is bigger 
and with long bracts.

Ecology and Distribution It grows in wet places such as ditches or streams, usu-
ally associated with R. nasturtium-aquaticum, 0–1200 m. It flowers from April to 
July. It is common in Central and South Europe, more frequent in the southwest; 
also in the north of Africa and west and central Asia.

Food Uses This species has been traditionally consumed in the Mediterranean 
countries, at least in Portugal (Carvalho and Telo 2013), Spain (e.g. González et al. 
2011a; Menendez-Baceta et al. 2012; Parada et al. 2011; Tardío et al. 2006), Italy 
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(e.g. Ghirardini et al. 2007; Guarrera 2006; Lentini and Venza 2007; Picchi and 
Pieroni 2005), Cyprus (Della et al. 2006; Hadjichambis et al. 2008), Turkey (Ertuğ 
2014), Lebanon (Marouf 2005), Jordan (Al-Qura’n 2010; Tukan et al. 1998), and 
Morocco (Nassif and Tanji 2013). Its tender leaves and stems are collected in winter 
and spring (González et al. 2011a). As other wild vegetables that grow in aquatic 
environments, A. nodiflorum is mainly consumed raw without any preparation or 
in green salads (e.g. Al-Qura’n 2010; Carvalho and Telo 2013; Della et al. 2006; 
Marouf 2005; Nassif and Tanji 2013; Nebel et al. 2006; Tardío et al. 2005). It is 
also cooked in different recipes, such as boiled with legumes (Della et al. 2006), in 
omelettes (Verde et al. 2003), as a turnover filling (Tukan et al. 1998), as a dough 
stuffing (Al-Qura’n 2010), or included in the Moroccan beqoul, a mixture of several 
wild food plants used to prepare a springtime meatless dish—highly prized by rural 
people, especially in mountainous areas (Nassif and Tanji 2013).
The fool’s watercress is also employed as a condiment to aromatize soups or other 
stews (Della et al. 2006; Lentini and Venza 2007).

Other Uses Its tender aerial parts are considered digestive (Guarrera 2006; Rivera 
et al. 2005), intestinal anti-inflammatory (Bonet and Vallès 2002; Guarrera 2006), 
depurative, and employed to treat respiratory and urinary diseases (Guarrera 2006). 
Other perceived health benefits of A. nodiflorum include liver protection and bile 
production (Marouf 2005). The decoction of the whole plant was topically employed 
to treat eczema in southern Spain (Benítez et al. 2010).

Additionally, the fresh aerial parts were used as animal feed for pigs and par-
tridges (Aceituno-Mata 2010; González et al. 2011b) and in ethnoveterinary science 
(Guarrera 2006).

This plant has been traditionally compared with the watercress (Rorippa nastur-
tium-aquaticum), as its common and rather pejorative names in several languages 
(at least in English, French, and Spanish) seem to point out. They share the same 
habitat and can be confused, especially when the watercress is close to blooming. 
Although A. nodiflorum is registered as a vegetable in many ethnobotanical studies, 
some people considered that it is toxic in contraposition with the edibility of the 
watercress (Tardío et al. 2002; Velasco et al. 2010).

Historical References This species has probably been eaten since antiquity, though 
it is difficult to find any clear references to it. For instance, some of the ancient men-
tions of the celery ( A. graveolens L.), a closely related species might be attributed to 
A. nodiflorum. This could be the case of some references found in Theophrastus or 
Dioscorides. In the sixteenth-century Spanish translation of the later work, Laguna 
(1555), in the chapter of the watercress (Book II, chapter CXVII), describes another 
similar species supposed to be toxic and with the Castilian name of berrazas, the 
same registered in the recent ethnobotanical works.

Food Composition Tables for raw young leaves and stems of Apium nodiflorum 
(Tables 13.7, 13.8 and 13.9).
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Table 13.7  Main constituents, per 100 g of fresh young leaves and stems of A. nodiflorum
Units Average Range References

Energy (calculated value) kcal 21 11–25 –
Moisture g 92.0 90.0–94.0 1, 2
Available carbohydrates g 1.20 0.70–2.10 2
Dietary fibre g 2.70 1.90–3.40 2
Proteins g 1.60 1.10–2.10 2
Lipids g 0.42 0.07–0.74 2, 3
Ash g 1.70 1.00–3.30 2

 K mg 165 114–1054 2
 Na mg 244 137–379 2
 Ca mg 152 63.9–246 2
 Mg mg 28.0 16.4–44.9 2
 Fe mg 1.80 0.81–3.15 2
 Cu µg 80.0 40.0–150 2
 Mn µg 290 170–340 2
 Zn µg 500 420–700 2

1 Morales (2011) Spain (4 samples), 2 García-Herrera (2014) Spain (4 samples), 3 Morales et al. 
(2012b) Spain (4 samples)

Table 13.8  Vitamins and other constituents, per 100 g of fresh young leaves and stems of A. 
nodiflorum

Units Average Range References
Vitamin B9 (total folates) µg 125 97–138 1
Vitamin C mg 20.3 10.3–30.2 2

 Ascorbic acid mg 9.11 4.96–13.25 2
 Dehydroascorbic acid mg 15.0 11.6–18.4 2

Vitamin E
 α-tocopherol mg 2.59 2.56–2.62 3
 β-tocopherol mg 0.25 0.25–0.25 3
 γ-tocopherol mg 0.21 0.21–0.21 3
 δ-tocopherol mg nd – 3

Organic acids
 Oxalic acid mg 534 189–879 2
 Malic acid mg 72.7 18.4–127 2
 Citric acid mg 28.0 6.63–49.3 2
 Fumaric acid mg 1.37 0.09–2.65 2

Phenolics (total) mg 80.5a 76.1–84.9 3
 Flavonoids mg 45.5b 43.9–47.1 3

1 Morales et al. (2015) Spain (4 samples), 2 Morales (2011) Spain (4 samples), 3 Morales et al. 
(2012a) Spain (4 samples); nd non-detected values
a  Expressed as gallic acid
b Expressed as catechin
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Remarks (young leaves and stems of A. nodiflorum)

• Very low energy value (< 25 kcal/100 g).
• High proportion of PUFA, compared to other vegetables.
• Very high content of oxalates: people with altered renal function should 

avoid this vegetable; boiling is recommended for general population.
• It can be considered as a source of vitamins E and B9 (folates); sometimes 

also a source of Ca and vitamin C.

Table 13.9  Fatty acids profile (% of total fatty acids) of fresh young leaves and stems of A. 
nodiflorum
Individual compounds Average Range References
12:0 nd – 1
14:0 0.69 0.60–0.78 1
16:0 16.3 15.2–17.3 1
16:1 1.10 0.78–1.42 1
18:0 1.77 1.44–2.10 1
18:1n − 9 3.33 3.31–3.35 1
18:2n − 6 24.6 23.8–25.4 1
18:3n − 3 43.5 43.4–43.5 1
20:0 0.34 0.30–0.38 1
20:1n − 9 nd – 1
22:0 1.22 1.17–1.27 1
22:1n − 9 nd – 1
24:0 2.07 2.05–2.09 1
24:1n − 9 nd – 1
Categories (calculated values)
SFA 23.6 22.7–24.5 –
MUFA 4.7 4.4–4.9 –
PUFA 71.7 70.6–72.9 –
n − 3 45.8 44.6–47.1 –
n − 6 25.9 25.8–26.0 –
n − 9 4.7 4.4–4.9 –

1 Morales et al. (2012b) Spain (4 samples); nd non-detected values
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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13.3.4 Arbutus unedo L. (Ericaceae)

Common Names Strawberry tree, medronho (pt), madroño (es), arbousier (fr), 
corbezzolo (it), kumariá (el), kocayemiş (tr), sasnou (ar).

Description Evergreen shrub or small tree, commonly 3–5 m tall, that has a 
twisted and gnarled trunk, with grey-brown or reddish bark that flakes and peels 
in thin plates. The alternate leaves are oval to oblong, glossy and leathery, dark 
green above and pale green underneath, with a serrated margin. The flowers are bell 
shaped, white or pale pink, and grouped in hanging racemes. The fruits are red ber-
ries, 1–2 cm diameter, with a rough surface.

Ecology and Distribution It grows in sclerophyllous shrublands, rocky slopes, 
and evergreen forests, up to 800–1200 m, in different types of usually well-drained 
soils. Blooming begins in autumn and continues into the winter. Since the fruits 
take a year to ripen, mature fruits are present when blooming. It is widespread in the 
Mediterranean Basin, from southwest to east of Europe, north of Africa (excluding 
Egypt and Libya) and Asia Minor, with some Atlantic locations in western France 
and southwestern Ireland. In the East Mediterranean, it coexists with A. andrachne 
L., also with edible fruits.

Food Uses The fruits of this small tree have been traditionally consumed, raw as 
a snack, as a dessert or, sometimes, used for elaborating jam or liqueurs, in most 
of the Mediterranean countries. It has been widely used at least in Portugal (Carv-
alho 2010; Mendonça de Carvalho 2006), Spain (Molina et al. 2011; Tardío et al. 
2006), Italy (Guarrera 2006; Hadjichambis et al. 2008; Leonti et al. 2006), Croa-
tia (Łuczaj et al. 2013a), Bosnia-Herzegovina (Redžić 2006), Greece (Leonti et al. 
2006), Turkey (Dogan et al. 2004; Ertuğ 2014), Tunisia and Algeria (Le Floc’h 
1983), and Morocco (Nassif and Tanji 2013). It is one of the most important wild 
fruit species in Spain (Tardío et al. 2006) and probably also in other Mediterranean 
countries. In general, the strawberry tree fruits only reach a really pleasant flavour 
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if consumed totally ripe or even slightly overripe, then being delicate to transport. 
Some preservation techniques for extending their availability have also been used 
throughout the Mediterranean region, such as home-made compotes or jams (e.g. 
Bonet and Vallès 2002; Guarrera 2006; Łuczaj et al. 2013a; Verde et al. 2003). Fur-
thermore, aromatic alcoholic beverages have been locally elaborated in different 
areas fermenting and distilling the fruits, being known as aguardente de medronho 
in Portugal, koumaro in Greece, and “liquore di corbezzolo” in Italy (Espírito-Santo 
et al. 2012), and sometimes even commercialized (Alarcão-E-Silva et al. 2001). On 
other occasions and especially in recent times, the liqueur is elaborated without dis-
tillation, by macerating the fruits in liquor (Guzmán 1997; Mendonça de Carvalho 
2006; Verde et al. 2001).
Although smaller than those of A. unedo, the fruits of the Greek strawberry tree ( A. 
andrachne) are also consumed in the East Mediterranean (Ertuğ 2014; Tukan et al. 
1998).

Other Uses Regarding medicinal uses, the leaves, bark, and roots are said to be 
astringent, antiseptic, and even antiparasitic. The decoction of leaves or roots has 
been traditionally employed against diarrhoea in Spain (Verde et al. 2001; Villar 
et al. 1987), Italy (Guarrera 2006), Libya (De Natale and Pollio 2012) and Tuni-
sia (Le Floc’h 1983). In Algeria and Cyprus, the fruit liqueur is also considered 
anti-diarrhoeic (Le Floc’h 1983; Lentini and Venza 2007), whereas in Cyprus, it is 
also said to have aphrodisiac and sedative effects (Lentini and Venza 2007). It has 
antiseptic properties that seem to explain why it is widely used against respiratory 
problems (Guarrera 2006), wounds, and other skin infections (Criado et al. 2008; 
Guarrera 2006; Pellicer 2001; Villar et al. 1987) and specifically as antiparasitic for 
scabies (Guarrera 2006; Mendonça de Carvalho 2006).

Its hard wood has been used as firewood and for making spoons and other do-
mestic tools (Blanco and Cuadrado 2000; Guarrera 2006; Mendonça de Carvalho 
2006).

Nowadays, A. unedo is widely cultivated as an ornamental tree and has become 
very popular both in public and private gardens.

Historical References This Mediterranean small tree was already mentioned by 
Theophrastus (371–287 BC), who also described the differences with A. andrachne 
and even the existence of a hybrid form (Teofrasto 1988). There are also references 
from the first century AD, such as those of Dioscorides and Pliny the Elder (Bostock 
and Riley 1855; Osbaldeston 2000), though in their opinion, the consumption of the 
fruits was not very appreciated. Dioscorides said, “when eaten they are bad for the 
stomach and causes headaches”, whereas Pliny directly commented, “this is a fruit 
held in no esteem, in proof of which it has gained its name of unedo, people being 
generally content with eating but one”. The fruit does not seem to be neither very 
appreciated in the sixteenth century. Clusius (1576) said that “the fruit was eaten by 
the greedy and poor people” and that “in Lisbon were sold by poor women”. He also 
referred that the water extracted from its leaves and flowers was used in Portugal 
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against eyes disorders and as antidote for plague and poisoning. However, this tree 
is very popular in central Spain, where it makes up part of the coat of arms ( El oso 
y el madroño, the bear and the strawberry tree) of the city of Madrid.

Food Composition Tables for raw fruits of Arbutus unedo (Tables 13.10, 13.11 
and 13.12).

Table 13.10  Main constituents, per 100 g of fresh fruits of A. unedo
Units Average Range References

Energy (calculated value) kcal 167 98–210 –
Moisture g 57.5 42.7–72.1 1, 2, 3, 4, 5, 6
Available carbohydrates g 30.4 16.9–37.9 2, 4

 Soluble sugars g 33.7 15.0–59.6 2, 4, 7, 8
  Fructose g 16.8 3.64–28.1 2, 4, 6, 7, 8
  Glucose g 8.73 2.34–21.7 2, 4, 6, 7, 8
  Sucrose g 5.79 Traces–6.37 2, 4, 7, 8
  Maltose g 1.49 Traces–3.47 2, 4, 7, 8

Dietary fibre g 17.3 12.6–19.9 4, 6
 Insoluble fibre g 13.9 8.70–18.7 4, 6
 Soluble fibre g 3.44 1.90–4.86 4, 6

Proteins g 1.06 0.65–1.62 1, 2, 3, 4, 6
Lipids g 0.57 0.23–1.02 1, 2, 3, 4, 6
Ash g 0.73 0.25–1.37 1, 2, 3, 4, 6

 K mg 334 115–768 1, 4, 6
 Na mg 20.0 5.5–36.1 1, 4, 6
 Ca mg 111 28.9–237 1, 4, 6
 Mg mg 9.66 8.38–10.9 6
 P mg 32.5 7.4–66.8 1, 4, 6
 Fe mg 0.92 0.38–1.47 1, 4, 6
 Cu μg 99 57–208 1, 4
 Mn μg 146 37–230 1, 4
 Zn μg 437 330–762 1, 4, 6

1 Özcan and Haciseferoğullari (2007) Turkey, 2 Barros et al. (2010b) Portugal, 3 Ganhão et al. 
(2010) Spain, 4 Ruiz-Rodríguez et al. (2011) Spain (6 samples), 5 Morales et al. (2013) Spain 
(6 samples), 6 Vidrih et al. (2013) Croatia, 7 Ayaz et al. (2000) Turkey, 8 Alarcão-E-Silva et al. 
(2001) Portugal
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Table 13.11  Vitamins and other constituents, per 100 g of fresh fruits of A. unedo
Units Average Range References

Carotenoids
 β-carotene mg 0.32 0.02–0.89 1, 2, 3
 Lutein + zeaxhantin mg 0.04 0.03–0.05 1
 RAE (calculated value) μg 27 1.5–45 –

Vitamin B3 (niacin) mg 1.97 1.28–2.65 4
Vitamin C mg 185 6–431 1, 3, 5, 6, 7

 Ascorbic acid mg 139 5–389 1, 2, 3, 4, 5, 6, 7, 8
 Dehydroascorbic acid mg 33.3 nd–36 3, 5, 6, 7

Vitamin E
 α-tocopherol mg 3.10 0.02–8.93 1, 2, 6
 β-tocopherol mg 0.11 0.02–0.18 2, 6
 γ-tocopherol mg 0.33 0.26–0.44 2, 6
 δ-tocopherol mg 0.10 0.03–0.17 2, 6

Organic acids
 Oxalic acid mg 90.5 53.5–139 3, 6, 8
 Quinic acid mg 2277 2157–2396 4, 6
 Malic acid mg 620 219–1052 3, 4, 6, 8
 Citric acid mg 13.5 nd–27.0 6, 8
 Fumaric acid mg 0.36 0.47–3.24 3, 6, 8

Phenolics (total) mg 542a 367–639 7, 9
mg ≈584b – 4
mg 1235c 872–1598 5

 Phenolic acids mg ≈78.5c 78.3–78.7 10
mg 668a 487–944 5

  Hydroxybenzoic acids mg 41.3a 37.8–44.8 9
  Hydroxycinnamic acids mg 0.37d 0.33–0.40 9

 Flavonols mg 1.14c 0.57–1.48 1
mg 10.4e 1.14–51.7 5, 9

 Anthocianins mg 3.77c 2.91–4.63 1
mg ≈40.3 39.9–40.7 4
mg 567f 251–1154 5

 Tanins mg ≈74.4b 73.6–75.2 4
  Proanthocyanidins mg 27.5c 26.5–28.4 1

1 Pallauf et al. (2008) Spain, 2 Barros et al. (2010b) Portugal, 3 Ruiz-Rodríguez et al. (2011) Spain 
(6 samples), 4 Alarcão-E-Silva et al. (2001) Portugal, 5 Ruiz-Rodríguez et al. (2014b) Spain (6 
samples), 6 Morales et al. (2013) Spain (6 samples), 7 Vidrih et al. (2013) Croatia, 8 Pereira et al 
(2013) Portugal, 9 Ganhão et al. (2010) Spain, 10 Ayaz et al. (2000) Turkey
RAE retinol activity equivalents; nd non-detected values
a  Expressed as gallic acid
b Expressed as catechin
c Expressed as sum of individual compounds (gallic acid, quercetin, cyanidin or catechin deriva-
tives as major components of different families)
d Expressed as chlorogenic acid
e Expressed as rutin
f Expressed as pelargonidin-3-glucoside
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Remarks (fruits of A. unedo)

• High content of sugars.
• High in dietary fibre (> 6 g/100 g).
• High n − 3 fatty acids content (mainly α-linolenic acid, 18:3n − 3), com-

pared to other wild fruits.
• High amount of quinic and malic acids.
• Very low Na content (< 40 mg/100 g). It may be considered as a source of 

vitamin C; sometimes also a source of K, Ca, and vitamin E.
• Considerable amount of anthocyanins (cyanidin-3-glucoside as major 

compound).

Table 13.12  Fatty acids profile (% of total fatty acids) of fresh fruits of A. unedo
Individual compounds Average Range References
12:0 0.78 0.55–1.04 1, 2
14:0 1.48 1.19–1.70 1, 2
16:0 12.5 7.95–20.8 1, 2, 3
16:1 0.09 0.03–0.13 1, 2
18:0 2.78 Traces–4.55 1, 2, 3
18:1n − 9 20.2 20.9–24.8 1, 2, 3
18:2n − 6 26.8 21.4–37.2 1, 2, 3
18:3n − 3 33.0 31.2–37.1 1, 2, 3
18:3n − 6 0.68 0.66–0.70 2
20:0 0.30 nd–0.66 1, 2
20:1n − 9 0.13 nd–0.29 1, 2
22:0 0.62 0.39–0.84 1, 2
24:0 0.92 0.14–1.45 1, 2
Categories (calculated values)
SFA 19.5 17.7–18.4 –
MUFA 20.5 22.1–25.1 –
PUFA 59.9 56.5–60.0 –
n − 3 33.0 31.5–37.8 –
n − 6 26.9 22.1–25.1 –
n − 9 20.4 22.0–25.0 –

1 Barros et al. (2010b) Portugal, 2 Morales et al. (2013) Spain (6 samples), 3 Vidrih et al. (2013) 
Croatia; nd non-detected values
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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13.3.5 Asparagus acutifolius L. (Asparagaceae)

Common Names Wild asparagus, espargo-bravo (pt), espárrago triguero (es), 
asperge sauvage (fr), asparago selvatico (it), šparoga (hr), sparangi (el), tilkişen 
(tr), halyoun (ar).

Description Perennial plant, growing up to 1.5 m tall, with rhizomatous tubers, 
from which new tender shoots (asparagus) sprout in spring. Spiny stem formed 
by little and narrow false leaves (cladodes), gathered in fascicles, whereas the real 
leaves are like scales. Little flowers, with 6 yellow cream tepals 4 mm long, grow-
ing in groups of 2–4 in the nodes of the stems. The fruit is a black or blue poisonous 
berry, up to 8 mm, with 1 or 2 seeds.

Ecology and Distribution It grows in all types of soils, in scrublands and borders 
of woods, throughout the Mediterranean region, from the sea level up to 1300 m. 
The flowering time covers from spring to autumn.

Food Uses Its young shoots have been traditionally consumed in most Mediterra-
nean countries, such as Portugal (Carvalho and Telo 2013; Mendonça de Carvalho 
2006), Spain (e.g. Bonet and Vallès 2002; González et al. 2011a; Tardío et al. 2006), 
France (Chauvet 2003), Italy (e.g. Ghirardini et al. 2007; Guarrera 2006; Picchi 
and Pieroni 2005), Croatia (Łuczaj et al. 2013b), Cyprus (Della et al. 2006), Tur-
key (Dogan 2012; Ertuğ 2014), Lebanon (Marouf 2005), and Morocco (Nassif and 
Tanji 2013). Although they can be eaten raw (Ertuğ 2004; Picchi and Pieroni 2005; 
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Tardío et al. 2006), they are generally consumed cooked in different dishes, such as 
rice dishes, soups (Carvalho and Telo 2013; Criado et al. 2008; Hadjichambis et al. 
2008), and more frequently with eggs, that is, omelettes, scrambled, or poached 
eggs (Carvalho and Telo 2013; Dogan 2012; Ertuğ 2004; González et al. 2011a; 
Guarrera 2006; Hadjichambis et al. 2008; Lentini and Venza 2007; Łuczaj et al. 
2013b; Marouf 2005; Mendonça de Carvalho 2006; Nebel et al. 2006; Pieroni et al. 
2005; Tardío et al. 2006). In Italy, they are also fried in the pan with oil and onion, 
to add aroma to the tomato sauce, as seasoning for risottos, or to fill ravioli (Lentini 
and Venza 2007; Picchi and Pieroni 2005). They are also used in some traditional 
recipes, such as the migas de espargos in Portugal (Carvalho and Telo 2013) or the 
sagne larghe in the Italian region of Abruzzos (Picchi and Pieroni 2005).

This wild asparagus is nowadays one of the most appreciated and widely con-
sumed noncultivated plants throughout the Mediterranean region. Apart from rural 
communities, recreational harvesting of A. acutifolius attains new collectors from 
urban areas, such as retired people and Sunday excursionists (Catani et al. 2001; 
Picchi and Pieroni 2005). Bundles of wild asparagus are frequently sold in local 
markets and on roadsides (Chauvet 2003; Mendonça de Carvalho 2006; Nassif and 
Tanji 2013; Picchi and Pieroni 2005; Tardío 2010) and served in luxury restaurants 
(Łuczaj et al. 2012; Parada et al. 2011). They are highly valued and reach high mar-
ket prices (Molina et al. 2012; Rosati et al. 2005).

Other Uses It is popularly considered a healthy food with diuretic and purifying 
effects (Carrió and Vallès 2012; Guarrera 2006; Lentini and Venza 2007; Parada 
et al. 2011; Rivera et al. 2005; Signorini et al. 2009; Vallejo et al. 2009; Vázquez 
et al. 1997). For this reason, its consumption is recommended in folk medicine as 
digestive (González-Tejero et al. 2008; Guarrera 2006), to treat several kidney- and 
liver-related disorders (Benítez et al. 2010; González-Tejero et al. 2008; Guarrera 
2006; Picchi and Pieroni 2005), prostate illnesses (Vallejo et al. 2009), bile duct 
lithiasis or bile inflammation (Guarrera 2006; Rivera et al. 2005), and to lose weight 
(Guarrera 2006; Picchi and Pieroni 2005).
The decoction of the plant has also been used to aid the placental expulsion in ani-
mals, such as sheep and cows (Ferrández and Sanz 1993; Pellicer 2001).

Ethnobotanical studies refer that this plant usually grows in olive-tree groves 
(Benítez 2009; Rosati 2001). One informant of the first study assured that the wild 
asparagus plants are propagated by some birds that consume olives after having 
eaten asparagus fruits.

Historical References The spears of this species may have been consumed since 
antiquity. Dioscorides, in the first century AD, besides mentioning other medicinal 
properties of the plant, also pointed out that the young shoots, boiled and eaten, 
soothe the intestines and encourage urine (Osbaldeston 2000).

Food Composition Tables for tender shoots of Asparagus acutifolius, raw (Tables 
13.13, 13.14 and 13.15) and boiled (Tables 13.16 and 13.17).
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Table 13.13  Main constituents, per 100 g of fresh young shoots of A. acutifolius
Units Average Range References

Energy (calculated value) kcal 40 23–56 –
Moisture g 85.4 81.2–88.5 1,2
Available carbohydrates g 3.56 1.03–4.67 1,2

 Soluble sugars g 0.70 0.68–0.72 1
  Fructose mg 190 180–200 1
  Glucose mg 150 150–150 1
  Sucrose mg 320 310–330 1
  Trehalose mg 40 40–40 1

Dietary fibre g 4.83 4.71–6.63 2
Proteins g 2.40 1.69–3.25 1,2
Lipids g 0.61 0.32–0.99 1,2,3
Ash g 2.23 0.93–3.70 1,2

 K mg 585 492–1370 2,4,5
 Na mg 18.5 12.6–45.6 2,4,5
 Ca mg 54.1 23.0–109 2,4,5
 Mg mg 36.6 17.0–109 2,4,5,
 Fe mg 0.66 0.33–1.11 2,5
 Cu µg 105 50–140 2
 Mn µg 410 70–880 2
 Zn µg 1059 110–1810 2,5

1 Martins et al. (2011) Portugal, 2 García-Herrera (2014) Spain (5 samples), 3 Morales et al. 
(2012b) Spain (5 samples) 4 Bianco et al. (1996) Italy, 5 Romojaro et al. (2013) Spain

Units Average Range References
Carotenoids (total)

 β-carotene mg 0.69 0.16–1.19 1, 2, 3
 Lutein mg 1.33 0.41–2.74 1, 3
 Neoxanthin mg 0.33 0.17–0.98 1, 3
 Violaxanthin mg 0.27 0.16–0.57 1, 3
 RAE (calculated value) µg 57.5 13.3–99.0 –

Vitamin B9 (total folates) µg 217 194–239 4
Vitamin C mg 37.8 26.0–49.9 5

 Ascorbic acid mg 22.7 13.9–39.3 5, 6
 Dehydroascorbic acid mg 14.4 9.58–19.2 5

Vitamin E
 α-tocopherol mg 8.30 1.86–14.6 2, 7
 β-tocopherol mg 0.09 0.04–0.10 2, 7
 γ-tocopherol mg 2.95 0.73–5.88 2, 7
 δ-tocopherol mg 0.09 0.03–0.19 2, 7

Organic acids
 Oxalic acid mg 98.1 70–218 5, 6
 Glutamic acid mg 39.0 nd–110 5
 Malic acid mg 112 15.7–260 5, 6

Table 13.14  Vitamins and other constituents, per 100 g of fresh young shoots of A. acutifolius
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Units Average Range References
 Citric acid mg 308 30–388 5, 6
 Fumaric acid mg Traces – 5, 6
 Succinic acid mg 47.5 nd–93.0 5, 6

Phenolics (total) mg 17.6a 17.3–17.9 7
mg 132b 33.3–230 1, 8

 Phenolic acids mg 4.31c – 1
 Flavonoids mg 6.09d 5.82–6.36 7

mg 30.0b 28.2–32.3 8
mg 226e – 1, 2

1 Salvatore et al. (2005) Italy (3 samples), 2 Martins et al. (2011) Portugal, 3 García-Herrera 
(2013) Spain (5 samples), 4 Morales et al. (2015) Spain (5 samples), 5 Morales (2011) Spain (5 
samples), 6 Pereira et al. (2013) Portugal, 7 Morales et al. (2012a) Spain (4 samples), 8 Barros 
et al. (2011b) Portugal
RAE retinol activity equivalents; nd non-detected values
a  Expressed as gallic acid
b Expressed as sum of individual compounds (quercetin derivatives as major components)
c Expressed as caffeic acid
d Expressed as catechin
e Expressed as quercetin

Table 13.14 (continued)

Table 13.15  Fatty acids profile (% of total fatty acids) of fresh young shoots of A. acutifolius
Individual compounds Average Range References
12:0 0.38 0.03–0.45 1, 2
14:0 0.37 0.03–0.72 1, 2
16:0 23.1 17.5–28.6 1, 2
16:1 0.09 nd–0.10 1
18:0 2.13 1.56–3.22 1, 2
18:1n − 9 4.91 4.87–4.94 1, 2
18:2n − 6 43.4 18.9–44.5 1, 2
18:3n − 3 18.8 13.4–24.6 1, 2
20:0 0.44 0.42–0.45 1, 2
20:1n − 9 0.26 0.26–0.26 1
22:0 2.22 2.20–2.24 1, 2
24:0 2.07 1.02–2.26 1, 2
Categories (calculated values)
SFA 31.3 25.1–37.5 –
MUFA 5.2 5.0–5.4 –
PUFA 63.5 57.5–69.5 –
n − 3 19.2 14.3–24.1 –
n −  6 44.3 43.2–45.3 –
n −  9 5.2 5.0–5.4 –

1 Martins et al. (2011) Portugal; 2 Morales et al. (2012b) Spain (5 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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Remarks (young shoots of A. acutifolius)

• Source of dietary fibre (> 3 g/100 g).
• Unusual ratio n − 3/n − 6 favourable to n − 6.
• Citric acid as major organic acid.
• Low Na content (< 120 mg/100 g). It may be considered as a source of K 

and vitamins C, E, and B9; sometimes also a source of Mn.

Remarks (boiled young shoots of A. acutifolius)

• Low energy value and still good source of dietary fibre and vitamins B9 
and C after boiling.

• Reduced oxalic acid levels and very low Na content.

Table 13.16  Main constituents, per 100 g of boiled young shoots of A. acutifolius
Units Average Range References

Energy (calculated value) kcal 39 37–41 –
Moisture g 89.6 89.6–89.6 1, 2
Available carbohydrates g 5.00 4.60–5.40 2
Dietary fibre g 3.60 3.60–3.60 2
Proteins g 2.50 2.50–2.50 2
Lipids g 0.12 0.12–0.12 2
Ash g 0.60 0.60–0.60 2

 K mg 177 159–195 2
 Na mg 21.0 19.1–23.9 2
 Ca mg 31.5 31.2–31.8 2
 Mg mg 10.9 9.1–12.5 2
 Fe mg 0.22 0.13–0.31 2
 Cu μg 380 300–460 2
 Mn μg 120 110–130 2
 Zn μg 423 410–427 2

1 Morales (2011) Spain, 2 García-Herrera (2014) Spain

Table 13.17  Vitamins and other constituents, per 100 g of boiled young shoots of A. acutifolius
Units Average Range References

Vitamin B9 (total folates) μg 283 273–290 1
Vitamin C mg 47.9 46.1–49.7 1

 Ascorbic acid mg 24.2 23.7–24.7 1
 Dehydroascorbic acid mg 23.6 22.2–24.9 1

Organic acids
 Oxalic acid mg 80 80–80 1
 Glutamic acid mg 30 30–30 1
 Malic acid mg 90 80–100 1
 Citric acid mg 200 130–270 1
 Fumaric acid mg Traces – 1

1 Morales (2011) Spain.
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13.3.6 Beta maritima L. (Amaranthaceae)

Common Names Sea beet, acelga-brava (pt), acelga silvestre (es), barbabietola 
(it), divlja blitva (bs, hr), agrioteftlo, agriolachano (el), yabani pancar (tr), silq 
barri (ar).

Description Perennial herb up to 80 cm, usually glabrous, that has long petiolate 
basal leaves, ovate to lanceolate, cuneate, the upper ones smaller. The greenish 
flowers grow in spikes, with 3 or more flowers in each axil. They are very small, 
3 mm and with 5 sepals. Some botanists consider this species as subspecies of B. 
vulgaris, being usually thought to be the ancestor of the cultivated chard and sugar 
beet.

Ecology and Distribution It grows in saline soils, usually near the coast, in waste 
places as a ruderal plant in the Mediterranean region and south of Asia. It flowers 
from April to October.

Food Uses It has been traditionally used as a wild vegetable in several Mediter-
ranean countries, as reported in Portugal (Mendonça de Carvalho 2006), Spain 
(Rivera et al. 2005; Tardío et al. 2005; Tardío et al. 2006), Italy (Di Tizio et al. 2012; 
Ghirardini et al. 2007; Guarrera 2006; Lentini and Venza 2007; Leonti et al. 2006), 
Slovenia (Cerne 1992), Croatia (Łuczaj et al. 2013b), Bosnia-Herzegovina (Redžić 
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2006), Greece (Leonti et al. 2006), Cyprus (Della et al. 2006), Turkey (Dogan 
2012), Jordan (Al-Qura’n 2010; Tukan et al. 1998), and Tunisia (Le Floc’h 1983).

The young leaves of the basal rosette are gathered in spring, before the develop-
ment of the flowering stems, and consumed cooked in a similar way as the culti-
vated chard ( B. vulgaris subsp. cicla (L.) Schübl. & G. Martens). They are usually 
considered softer and tastier than those of the cultivated species (Tardío et al. 2002). 
This vegetable is generally boiled, drained, and then seasoned with olive oil and 
lemon or vinegar (Lentini and Venza 2007; Piera 2006; Tardío et al. 2002), fried 
with other ingredients (Di Tizio et al. 2012; Lentini and Venza 2007; Rivera et al. 
2005), prepared in stews with legumes (Della et al. 2006; Mendonça de Carvalho 
2006; Verde et al. 2003), in mixed soups (Cerne 1992; Lentini and Venza 2007; 
Mendonça de Carvalho 2006; Redžić 2006; Tukan et al. 1998) or in omelettes (Tar-
dío et al. 2002; Verde et al. 2003). They are also employed for preparing the fill-
ing of some regional dishes such as the Italian focacce scacciate or the cuddiruni 
(Lentini and Venza 2007) and the traditional home-made pies composed of differ-
ent blends of wild vegetables, such as those reported in southeastern Spain (Oltra 
1998; Rabal 2000; Tardío 2010), Cyprus (Della et al. 2006), and Jordan (Tukan 
et al. 1998). Although wild beets are generally collected for domestic consumption, 
they can be occasionally found in vegetables mixes sold in the markets of southern 
Croatia (Łuczaj et al. 2013b).

The roots of this species were also used in Tunisia to prepare soups, and in scar-
city times, they were also dried, ground, and mixed with wheat or barley flour (Le 
Floc’h 1983).

Other wild species of the same genus ( B. macrocarpa Guss., known as selg) is 
also consumed as vegetable in Morocco (Nassif and Tanji 2013).

Other Uses This wild vegetable is used in Italy as a medicinal food against consti-
pation when consumed in soups (Lentini and Venza 2007). It is also consumed for 
medicinal purposes in Spain, as stomachic, anti-inflammatory, laxative, and against 
dyspepsia (Martínez-Lirola et al. 1997; Rivera et al. 2005; Verde et al. 2003). Their 
leaves are occasionally employed as animal fodder (Moll 2005).

Historical References Its food use probably dates from prehistoric times. Although 
Theophrastus (third century BC) and Dioscorides (first century AD) did not men-
tion the use of the wild forms, the beet was already mentioned by Theophrastus 
among the cultivated vegetables with fleshy roots and leaves (Teofrasto 1988) and 
by Dioscorides for its medicinal properties (Laguna 1555).

Food Composition Tables for raw tender leaves of Beta maritima (Tables 13.18, 
13.19 and 13.20).
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Table 13.18  Main constituents, per 100 g of fresh tender leaves of B. maritima
Units Average Range References

Energy (calculated value) kcal 31 16–59 –
Moisture g 87.3 75.4–91.4 1, 2, 3, 4, 5
Available carbohydrates g 1.71 0.75–4.30 2, 6
Dietary fibre g 4.38 3.29–9.50 2, 6
Proteins g 3.10 1.80–3.91 2, 6
Lipids g 0.34 0.18–0.70 2, 5, 6
Ash g 2.68 2.00–5.60 2, 3, 6

 K mg 988 540–2356 3, 6
 Na mg 201 45–288 3, 6
 Ca mg 67.1 19–250 3, 6
 Mg mg 66.9 13.2–135 3, 6
 P mg 49.2 44.2–54.2 3
 Fe mg 2.88 1.42–4.31 3, 6
 Cu μg 190 90–330 3, 6
 Mn μg 730 640–1260 3, 6
 Zn μg 845 570–1230 3, 6

1 Guil-Guerrero et al. (1997a) Spain (5 samples), 2 Guil-Guerrero et al. (1997b) Spain, (5 sam-
ples), 3 Guil-Guerrero et al. (1999a) Spain (5 samples), 4 Sánchez-Mata et al. (2012) Spain (2 
samples), 5 Morales et al. (2014) Spain (4 samples), 6 García-Herrera (2014) Spain (4 samples)

Table 13.19  Vitamins and other constituents, per 100 g of fresh tender leaves of B. maritima
Units Average Range References

Carotenoids (total) mg 14.3a 11.3–17.3 1
Vitamin B9 (total folates) μg 302 250–354 2
Vitamin C mg 36.4 18.3–66.0 1, 3, 4

 Ascorbic acid mg 27.5 7.82–48.0 1, 3, 4
 Dehydroascorbic acid mg 12.8 8.1–18.0 1, 3, 4

Vitamin E
 α-tocopherol mg 0.51 0.49–0.53 4
 β-tocopherol mg 0.01 0.01–0.01 4
 γ-tocopherol mg 0.14 0.14–0.14 4
 δ-tocopherol mg Traces – 4

Organic acids
 Oxalic acid mg 581 50.0–1070 1, 3, 4
 Glutamic acid mg nd – 4
 Malic acid mg 51.4 3.18–59.0 3, 4
 Citric acid mg 107 12.4–138 3, 4
 Fumaric acid mg 4.80 nd–10.0 3, 4

Phenolics (total) mg 61.9b 54.4–69.4 4
 Flavonoids mg 21.5c 20.7–22.4 4

Nitrate mg 200 170–230 1
1 Guil-Guerrero et al. (1997a) Spain (5 samples), 2 Morales et al. (2015) Spain (4 samples), 3 
Sánchez-Mata et al. (2012) Spain (2 samples), 4 Morales et al. (2014) Spain (4 samples); nd non-
detected values
a  Expressed as β-carotene
b Expressed as gallic acid
c Expressed as catechin
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Remarks (tender leaves of B. maritima)

• Source of dietary fibre (> 3 g/100 g).
• Very high content of oxalates: People with altered renal function should 

avoid this vegetable; boiling is recommended for general population.
• Often high Na content and nitrate levels; not recommended for infants.
• It can be considered as a source of K, Mn, and vitamins C and B9 (folates); 

sometimes also a source of Mg, Fe, Cu, and Zn.
• High amount of carotenoids.

Table 13.20  Fatty acids profile, (% of total fatty acids) of fresh tender leaves of B. maritima
Individual compounds Average Range References
12:0 0.06 0.06–0.06 1
14:0 0.61 0.34–0.89 1, 2
16:0 16.8 10.8–22.6 1, 2
16:1 4.39 – 2
18:0 2.06 1.66–2.46 1, 2
18:1n − 7 0.38 – 2
18:1n − 9 4.58 3.50–5.66 1, 2
18:2n − 6 20.2 18.8–21.7 1, 2
18:3n − 3 43.6 29.4–57.8 1, 2
18:3n − 6 0.17 0.17–0.17 2
18:4n − 3 0.50 – 2
20:0 0.37 0.28–0.50 1, 2
20:1n − 9 0.30 0.23–0.38 1, 2
22:0 0.97 0.89–1.04 1, 2
22:1 0.06 0.06–0.06 1
24:0 0.98 0.43–1.54 1, 2
Categories (calculated values)
SFA 23.8 16.2–31.5 –
MUFA 8.1 4.0–12.3 –
PUFA 68.0 56.2–79.8 –
n − 3 46.1 33.8–58.4 –
n − 6 21.8 21.5–22.1 –
n − 9 5.4 3.9–6.9 –

1 Morales et al. (2012b) Spain (4 samples), 2 Guil-Guerrero et al. (1996b) Spain (various samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids



J. Tardío et al.312

13.3.7 Borago officinalis L. (Boraginaceae)

Common Names Borage, borrage (pt), borraja (es), bourrache (fr), borragine 
(it), buránza (el), borač (hr), hodan (tr), lisan al thawr (ar).

Description Annual herb, up to 60 cm tall, entirely covered with white, stiff, and 
prickly hairs, especially abundant near the inflorescence. The basal leaves are large 
and wrinkled, with a long stalk of up to 15 cm; the upper ones without petiole. Their 
purplish-blue flowers (white in some cultivated forms) have a characteristic conical 
group of prominent dark purple anthers.

Ecology and Distribution It grows in nitrified areas near dwellings, in all kinds of 
soils. Native to the Mediterranean region and southwest of Asia, it has been culti-
vated and naturalized in most parts of Europe.

Food Uses The basal leaves (sometimes only their midribs) and, to a lesser extent, 
the tender stems, have been used as a vegetable throughout the Mediterranean 
region, at least in Portugal (Carvalho 2005), Spain (Tardío et al. 2006), Italy (Picchi 
and Pieroni 2005), Slovenia (Cerne 1992), Croatia (Łuczaj et al. 2013b), Greece 
(Leonti et al. 2006), Cyprus (Della et al. 2006), Turkey (Ertuğ 2014), Lebanon 
(Marouf 2005), Tunisia (Le Floc’h 1983), and Morocco (Nassif and Tanji 2013). 
They are usually boiled, sometimes with potatoes and other ingredients, and used 
to prepare vegetable soups (Carvalho 2005; Hadjichambis et al. 2008; Le Floc’h 
1983; Lentini and Venza 2007), the stock being considered to be very nice, nutritive, 
and with medicinal properties (Ferrández and Sanz 1993; Font Quer 1962). Other 
times they are drained after boiling and simply seasoned with olive oil, lemon, and 
salt (Fajardo et al. 2007; Font Quer 1962; Lentini and Venza 2007), or lightly fried 
in olive oil, with garlic and a bit of ham (Verde et al. 1998). On some occasions, 
this species is included in traditional recipes of mixed vegetables, such as collejas 
(Verde et al. 1998), preboggion (Picchi and Pieroni 2005) and beqoul (Nassif and 
Tanji 2013). It is also used for omelettes (Hadjichambis et al. 2008; Lentini and 
Venza 2007) or as filling for pasta, such as agnolotti (ravioli), frittelles (buñuelos), 
calzone (Picchi and Pieroni 2005) or even to prepare the green tagliatelle (Lentini 
and Venza 2007), or couscous (Nassif and Tanji 2013).
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This plant is especially well known and appreciated in some Spanish regions, 
such as Aragon and Navarre (Ferrández and Sanz 1993), where it is frequently cul-
tivated and widely naturalized. There, the part usually consumed are the midribs of 
the basal leaves. However, there are also other recipes in several Spanish regions, 
especially those of the East, that use the whole leaves batter-fried in olive oil. Some 
of these preparations are finally sweetened with sugar or honey. For instance, the 
crespillos is a typical dessert from some Aragonese areas that is prepared in the 
catholic festivity of the Incarnation (25th of March). They are prepared frying the 
tender leaves, previously battered with a mix made mainly of eggs, flour, milk, bak-
ing powder, and sugar. It is believed that making crespillos on this day will favour 
a good harvest of olives next year (Ferrández and Sanz 1993).

In spite of the hairiness of the whole plant, the slightly fuzzy young leaves can 
be eaten raw in salads (Hadjichambis et al. 2008; Picchi and Pieroni 2005). The 
tender shoots are sometimes eaten in vinegar as pickles (Della et al. 2006; Picchi 
and Pieroni 2005).

In Spain, the beautiful flowers of this species were sucked for their sweet nectar, 
especially by children (Benítez 2009; González et al. 2011a; Pellicer 2001). The 
flowers have also been used to decorate and season salads (Hadjichambis et al. 
2008; Picchi and Pieroni 2005) as already mentioned by Quer, a Spanish Botanist 
of the eighteenth century (Quer 1762).

Other Uses Borage has been traditionally considered a healthy vegetable or a 
medicinal food, thanks to its attributed digestive, laxative, purifying, and diuretic 
properties (e.g. Benítez 2009; Carvalho 2010; Font Quer 1962; Lentini and Venza 
2007; Picchi and Pieroni 2005). Moreover, an infusion or decoction of the leaves or 
of the aerial part is also locally taken for treating respiratory diseases or rheumatism 
(Ferrández and Sanz 1993; Villar et al. 1987). It has also been used as a veterinary 
medicine and considered a honey plant (Carvalho 2010).

Historical References According to the opinion of several translators (Laguna 
1555; Osbaldeston 2000), Dioscorides (first century AD) mentioned that the aerial 
part of this species, boiled in wine, is good for the chills of acute fevers, even for 
those produced by different types of malaria, for treating abscesses, and also as a 
cordial plant that causes merriment.

Food Composition Tables for raw tender leaves of Borago officinalis (Tables 
13.21, 13.22 and 13.23).

Units Average Range References
Energy (calculated value) kcal 44 34–50 –
Moisture g 87.2 86.4–88.8 1, 2
Available carbohydrates g 9.45 7.23–10.7 2

 Soluble sugars (total) g 0.32 0.30–0.34 2
  Glucose mg 80.2 70.2–90.4 2
  Fructose mg 18.4 14.5–22.3 2

Table 13.21  Main constituents, per 100 g of fresh tender leaves of B. officinalis
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Table 13.22  Vitamins and other constituents, per 100 g of fresh tender leaves of B. officinalis
Units Average Range References

Carotenoids mg 0.31a 0.30–0.32 1
 β-carotene mg 2.86 2.50–32.2 2
 Lutein mg 3.81 2.69–4.93 2
 Neoxanthin mg 1.13 1.08–1.18 2
 Violaxanthin mg 1.15 1.03–1.28 2
 RAE (calculated value) μg 238 208–268 –

Vitamin C (ascorbic acid) mg 1.83 1.16–2.73 1, 3
Vitamin E

 α-tocopherol mg ≈1.15 1.08–1.22 1
 β-tocopherol mg ≈0.04 0.04–0.04 1
 γ-tocopherol mg ≈0.30 0.28–0.32 1
 δ-tocopherol mg ≈0.02 0.02–0.02 1

Organic acids
 Oxalic acid mg ≈565 561–569 3
 Quinic acid mg nd – 3
 Malic acid mg ≈34.0 30.5–49.5 3
 Shikimic acid mg ≈1.58 1.58–1.58 3
 Citric acid mg ≈93.9 89.8–98.0 3
 Fumaric acid mg ≈304 299–308 3
 Succinic acid mg ≈82.5 80.4–84.6 3

Phenolics (total) mg 39.6b 25.3–58.9 2, 4
 Phenolic acids mg 6.40c – 2
 Flavonoids mg 18.9d – 2

Nitrate mg 69.2 – 5
1 Pereira et al. (2011) Portugal, 2 Salvatore et el. (2005) Italy, 3 Pereira et al. (2013) Portugal, 4 
Gatto et al. (2011) Italy, 5 Bianco et al. (1998) Italy
RAE retinol activity equivalents; nd non-detected values
a  Expressed as β-carotene
b Expressed as sum of individual compounds (procyanidin and caffeic acid derivatives as major 
components)
c Expressed as caffeic acid
d Expressed as quercetin

Units Average Range References
  Sucrose mg 205 183–222 2

Proteins g 1.17 0.97–1.37 2
Lipids g 0.16 0.13–0.19 2
Ash g 2.35 1.93–2.91 1, 2

 K mg 567 508–626 1
 Na mg 43.5 31.0–56.0 1
 Ca mg 344 164–524 1
 Mg mg 8.50 7.00–10.0 1

1 Bianco et al. (1998) Italy, 2 Pereira et al. (2011) Portugal

Table 13.21 (continued)
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Remarks (tender leaves of B. officinalis)

• High available carbohydrate content, compared to other vegetables; very 
low lipid content (< 0.5 g/100 g).

• Unusual fatty acids profile with high γ-linolenic acid proportion compared 
to other vegetables.

• Very high content of oxalates: People with altered renal function should 
avoid this vegetable; boiling is recommended for general population.

• Low Na content (< 120 mg/100 g). It can be considered as a source of K, 
Ca, and vitamin A (provitamin A as β-carotene).

Table 13.23  Fatty acids profile (% of total fatty acids) of fresh tender leaves of B. officinalis
Individual compounds Average Range References
12:0 0.92 0.73–1.11 1
14:0 2.80 2.11–3.49 1
16:0 15.9 11.3–19.8 1, 2, 3
16:1 0.13 0.12–0.14 4
18:0 1.99 0.70–3.00 1, 2, 3
18:1n − 9 4.16 1.90–8.50 1, 2, 3
18:2n − 6 10.9 8.2–12.3 1, 2, 3
18:3n − 3 22.8 10.3–30.2 1, 2, 3
18:3n − 6 8.92 5.00–12.0 1, 2, 3
18:4n − 3 17.3 15.2–19.5 1, 2, 3
20:0 11.9 11.6–12.2 1
22:0 12.0 10.9–13.1 1
22:1 0.44 0.38–0.50 1
24:0 4.55 4.12–4.98 1
24:1 0.17 0.15–0.19 1
Categories (calculated values)
SFA 43.4 40.8–50.0 –
MUFA 4.5 3.4–6.8 –
PUFA 52.1 46.6–52.4 –
n − 3 34.9 18.4–35.2 –
n − 6 17.1 15.9–17.2 –
n − 9 4.5 3.4–6.8 –

1 Pereira et al. (2011) Portugal, 2 Del Río-Celestino et al. (2008) Spain, 3 Mhamdi et al. (2007) 
Tunisia (2 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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13.3.8 Bryonia dioica Jacq. (Cucurbitaceae)

Common Names White bryony, norça (pt), espárrago de nuez (es), bryone (fr), 
zucca matta (it).

Description Climbing and herbaceous plant, whose annual and vigorous stems 
sprout in spring from perennial tuber roots, scrambling up to other plants by means 
of long and coiled tendrils. The slightly rough leaves are palmate, with 5 lobes. 
Dioecious species, that is, the male and female flowers are found in different indi-
viduals. The flowers are greenish-white with green veins and 5 petals. The fruit is a 
toxic berry that turns red when ripe.

Ecology and Distribution It grows in hedgerows, scrubs, woodland borders, and 
it is also frequent in ditches and waste lands, moist and cool environments with 
well-drained soils. It can be found in Western Mediterranean and Western Europe.

Food Uses According to recent ethnobotanical sources, its use as food is not wide-
spread in the Mediterranean region, the tender young shoots being traditionally con-
sumed in some parts of Portugal (Carvalho 2010), Spain (e.g González et al. 2011a; 
Tardío et al. 2006) and Italy (Guarrera 2006; Picchi and Pieroni 2005; Pieroni 
1999). The edible portion includes the tips of their young shoots—of about 20 cm 
in length—with the first 6–8 immature leaves not yet fully expanded (Barros et al. 
2011b; Fajardo 2008). They are always consumed cooked. In Italy, they are utilized 
in pancakes, stuffing for tortelli or simply eaten boiled in mixtures with others wild 
greens (Pieroni 1999). In Spain and Portugal, they are also boiled and then fried or 
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sautéed, and prepared generally in omelettes or soups, although they can be eaten 
simply boiled and seasoned with garlic and olive oil (e.g. Carvalho 2010; González 
et al. 2011a).

The toxicity of this species is mentioned in most treaties on toxic plants (e.g. 
Couplan 1990; Mulet 1997), describing the toxic compounds of its tuberous root 
and, above all, of the fruits (see Other Uses). However, some of these studies men-
tion the poisonousness of the young shoots. The presence of some toxicity in the 
spears in certain circumstances has been noticed popularly and registered in some 
ethnobotanical studies. For instance, in the province of Madrid, our informants ad-
vised that “when the plant flowers and fruits, they cannot be eaten because they pro-
duce diarrhoea” (Tardío et al. 2002). Other Spanish informants have mentioned the 
existence of some plants with bitter asparaguses that must not be collected, being 
selected after tasting them raw (Blanco 1995; Tardío et al. 2002). One of these could 
be the cause of a mild intoxication reported in Barcelona (Nogué 2010) by eating 
an omelette made with the young shoots of this plant. For those reasons, most of the 
ethnobotanical information remarked that the young shoots must be only gathered 
in spring before the development of the immature floral buds and always consumed 
cooked (e.g. Carvalho 2010; Couplan 1990; Pieroni 1999).

Other Uses Several toxic compounds have been found in its roots and fruits, such 
as cucurbitacins (bitter substances with cytotoxic and antitumoral activity), glu-
cosides (brionin and brionidin), an alkaloid (brionicin), and some resins (Couplan 
1990; Morán et al. 2011; Mulet 1997). It is also said that the consumption of 40 
fruits is enough to kill an adult and 15 a child (Couplan 1990). Nevertheless, both 
plant parts have been employed in folk medicine in external use. Poultices of the 
grinded root were used to alleviate headache, nervousness, and rheumatism pain 
(Villar et al. 1987); the root fried in olive oil for healing wounds (Fajardo et al. 
2007) or boiled against scorpions bites (Verde et al. 2001). Its fruits crushed and 
applied topically were used to mitigate rheumatism pain in Portugal and Spain 
(Aceituno-Mata 2010; Carvalho 2010). Nevertheless, some medicinal and veteri-
nary internal uses have been described with the cold maceration of the tubers. It is 
used as diuretic in Italy (Pieroni 1999) or as antihypertensive in Spain (Ferrández 
and Sanz 1993). The consumption of its young shoots is also considered purgative 
(Bonet and Vallès 2002).

Historical References Besides other ancient uses of the root and fruits of this spe-
cies, such as a hair remover for preparing leather, mentioned by Theophrastus in the 
third century BC (Scarborough 1978), the consumption of the young shoots was 
considered to be diuretic and have other medicinal properties, both by Dioscorides 
and Pliny the Elder, in the first century AD (Bostock and Riley 1855; Laguna 1555). 
For that reason, its current edible use could be a reminder of their ancient medicinal 
use (Tardío 2010). The consumption of plants that were first appreciated for their 
medicinal qualities, and today have lost their medicinal function and are simply 
regarded as a food, have been recorded in several species (Etkin 1996).

Food Composition Tables for young shoots of Bryonia dioica, raw (Tables 13.24, 
13.25 and 13.26) and boiled (Tables 13.27 and 13.28).
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Table 13.24  Main constituents, per 100 g of fresh young shoots of B. dioica
Units Average Range References

Energy (calculated value) kcal 55 14–141 –
Moisture g 85.9 70.9–90.8 1, 2, 3, 4
Available carbohydrates g 4.21 0.80–10.37 1, 4

 Soluble sugars (total) g 1.20 1.12–1.22 1
  Fructose mg 591 582–605 1
  Glucose mg 513 500–525 1
  Sucrose mg 102 100–104 1

Dietary fibre g 4.60 3.40–10.7 4
Proteins g 3.97 1.00–11.9 1, 4
Lipids g 1.12 0.10–2.90 1, 4, 5
Ash g 1.48 1.00–3.30 1, 4

 K mg 487 338–1029 4
 Na mg 27.6 12.0–56.8 4
 Ca mg 53.3 30.5–141 4
 Mg mg 28.8 13.8–70.5 4
 Fe mg 0.70 0.24–1.78 4
 Cu μg 220 10.0–460 4
 Mn μg 250 110–610 4
 Zn μg 890 270–2630 4

1 Martins et al. (2011) Portugal, 2 Morales (2011) Spain (5 samples), 3 Sánchez-Mata et al (2012) 
Spain (2 samples), 4 García-Herrera (2014) Spain (5 samples), 5 Morales et al. (2012b) Spain (4 
samples)

Units Average Range References
Carotenoids

 β-carotene mg 0.57 0.15–1.95 1, 2, 3
 Lutein mg 1.63 0.68–3.70 1, 3
 Neoxanthin mg 0.73 0.17–3.83 3
 Violaxanthin mg 1.14 0.03–2.15 3
 RAE (calculated value) µg 47.5 12.5–162 –

Vitamin B9 (total folates) µg 43.2 39.3–47.0 4
Vitamin C mg 21.4 16.0–27.7 1, 5, 6

 Ascorbic acid mg 12.1 4.27–20.8 2, 5, 6, 7
 Dehydroascorbic acid mg 10.7 3.99–14.9 5, 6

Vitamin E
 α-tocopherol mg 2.50 0.69–6.39 1, 2, 8
 β-tocopherol mg 0.13 0.11–0.14 1, 8
 γ-tocopherol mg 1.29 0.41–3.18 1, 2, 8
 δ-tocopherol mg 0.10 0.06–0.13 6, 8

Vitamin K µg 95.0 – 1
Organic acids

 Oxalic acid mg 311 70–630 5, 6

Table 13.25  Vitamins and other constituents, per 100 g of fresh young shoots of B. dioica
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Units Average Range References
 Quinic acid mg ≈245 233–252 7
 Glutamic acid mg 83 70–120 5
 Malic acid mg 1044 Traces–1710 5, 6, 7
 Citric acid mg 46.2 3.36–60 5, 6, 7
 Fumaric acid mg 5.07 2.00–15.0 5
 Succinic acid mg nd – 5, 6

Phenolics (total) mg 99.5a 18.7–276 1, 2, 8
 Flavonoids mg 8.80b 1.31–17.0 2, 8

mg 241c 229–253 9
1 Vardavas et al. (2006b) Crete, 2 Martins et al. (2011) Portugal, 3 García-Herrera et al. (2013) 
Spain (5 samples), 4 Morales et al. (2015) Spain (4 samples), 5 Morales (2011) Spain (5 samples), 
6 Sánchez-Mata et al (2012) Spain (2 samples), 7 Pereira et al. (2013) Portugal, 8 Morales et al. 
(2012a) Spain (4 samples), 9 Barros et al. (2011b) Portugal
RAE retinol activity equivalents; nd non-detected values
a  Expressed as gallic acid
b Expressed as catechin
c Expressed as sum of individual compounds (apigenin derivatives as major components)

Table 13.25 (continued)

Table 13.26  Fatty acids profile (% of total fatty acids) of fresh young shoots of B. dioica
Individual compounds Average Range References
12:0 0.08 0.01–0.12 1
14:0 0.43 0.05–0.90 1, 2, 3
16:0 19.0 13.6–26.4 1, 2, 3
18:0 1.98 1.00–2.66 1, 2, 3
18:1n − 9 2.53 1.21–4.85 1, 2, 3
18:2n − 6 15.5 6.38–33.6 1, 2, 3
18:3n − 3 54.5 25.4–70.3 1, 2, 3
18:3n − 6 0.25 – 2
20:0 0.39 0.31–0.63 1, 2, 3
20:1n − 9 0.13 nd–0.15 1, 2
22:0 0.76 0.60–1.09 1, 2, 3
22:1n − 9 0.13 nd–0.26 1, 2
24:0 1.85 1.47–2.50 1, 2, 3
Categories (calculated values)
SFA 26.1 21.4–32.8 –
MUFA 3.8 1.6–8.0 –
PUFA 70.1 59.3–76.7 –
n − 3 54.5 25.5–70.3 –
n − 6 15.6 6.4–33.9 –
n − 9 2.8 1.5–5.3 –

1 Morales et al. (2012b) Spain (4 samples), 2 Vardavas et al. (2006a) Crete, 3 Martins et al. (2011) 
Portugal; nd non-detected values
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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Table 13.27  Main constituents, per 100 g of boiled young shoots of B. dioica
Units Average Range References

Energy (calculated value) kcal 20 18–26 –
Moisture g 93.4 93.2–93.6 1,2
Available carbohydrates g 1.20 1.02–1.44 2
Dietary fibre g 2.92 2.90–2.93 2
Proteins g 2.00 1.65–2.40 2
Lipids g 0.15 0.13–0.17 2
Ash g 0.65 0.65–0.65 2

 K mg 171 161–181 2
 Na mg 18.1 17.9–18.3 2
 Ca mg 16.0 14.5–17.5 2
 Mg mg 9.05 8.70–10.7 2
 Fe mg 0.20 0.20–0.20 2
 Cu μg 100 90.4–110 2
 Mn μg 80.3 80.0–80.5 2
 Zn μg 30.0 27.0–33.5 2

1 Morales (2011) Spain, 2 García-Herrera (2014) Spain

Remarks (young shoots of B. dioica)

• It may be considered as a source of fibre (> 3 g/100 g).
• High lipid content, PUFA proportion and n − 3 fatty acids content (mainly 

α-linolenic acid, 18:3n − 3), compared to other vegetables. Good n − 3/n − 6 
ratio (> 3).

• High levels of malic acid, as major organic acid. High content of oxalates; 
boiling is recommended.

• Low Na content (< 120 mg/100 g). It can be considered as a source of K 
and vitamin B9 (folates); sometimes also a source of Cu and vitamins E 
and K.

• Caution must be taken to avoid poisoning: just tender shoots after boiling 
are edible (see section Food Uses and Other Uses of this monograph).

Table 13.28  Vitamins and other constituents, per 100 g of boiled young shoots of B. dioica
Units Average Range References

Vitamin B9 (total folates) μg 120 114–126 1
Vitamin C (total) mg 6.42 6.17–6.67 1

 Ascorbic acid mg 6.39 6.04–6.71 1
 Dehydroascorbic acid mg 0.22 0.21–0.23 1

Organic acids
 Oxalic acid mg 130 120–140 1
 Glutamic acid mg nd – 1
 Malic acid mg 98 92–1050 1
 Citric acid mg 40 40–40 1
 Fumaric acid mg Traces – 1

1 Morales (2011) Spain; nd non-detected values
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Remarks (boiled young shoots of B. dioica)

• Very low lipid content (< 0.5 g/100 g), low energy value (< 40 g/100 g), 
very low Na amount (< 40 mg/100 g), and source of dietary fibre and 
folates after boiling.

• Oxalic acid content reduces after boiling.
• Caution must be taken to avoid poisoning: Just tender shoots after boiling 

are edible (see sections Food Uses and Other Uses of this monograph).
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13.3.9 Capsella bursa-pastoris (L.) Medik. (Brassicaceae)

Common Names Shepherd’s-purse, bolsa de pastor (pt, es), capselle (fr), borsa 
del pastore (it), agriokardamo (el), çobançantası (tr), kees rai (ar).

Description Annual herb, with a basal rosette of deeply lobed leaves, that develops 
erect and slender flower stalks up to 0.3–0.5 m. The small and cross-shaped flowers 
have 4 white petals and give way to the characteristic heart-shaped (or purse-like) 
pods, with numerous tiny seeds.

Ecology and Distribution It is a ruderal plant that grows in disturbed and waste 
places, being a common weed in cultivated soils. It flowers almost all year round, 
producing several generations each year. Native to Europe, it is now naturalized all 
around the world, except for areas with tropical climates.

Food Uses The traditional consumption of this wild vegetable has been registered 
in several Mediterranean countries, such as Spain (Tardío et al. 2006; Verde et al. 
1998), Italy (Guarrera 2006; Nebel et al. 2006; Picchi and Pieroni 2005), Slovenia 
(Cerne 1992), Croatia (Łuczaj et al. 2013a,b), Bosnia-Herzegovina (Łuczaj et al. 
2013b), Cyprus (Della et al. 2006; Hadjichambis et al. 2008), Turkey (Dogan 2012; 
Ertuğ 2014; Kültür 2008), Palestine (Ali-Shtayeh et al. 2008), and Morocco (Nassif 
and Tanji 2013).
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The tender rosettes of young leaves are collected in spring and generally con-
sumed raw in salads (Della et al. 2006; Dogan et al. 2004; Dogan 2012; Guarrera 
2006; Hadjichambis et al. 2008; Picchi and Pieroni 2005) or raw with bread (Ali-
Shtayeh et al. 2008). It is also common to prepare them boiled (Guarrera 2006; 
Łuczaj et al. 2013a), in soups (Dogan et al. 2004; Dogan 2012; Guarrera 2006; 
Łuczaj et al. 2013a; Picchi and Pieroni 2005), with pasta or rice (Guarrera 2006). 
In some cases, the leaves are mixed with other wild vegetables, as in the Moroccan 
dish beqoul, a springtime meatless dish composed of up to 20 wild vegetables (Nas-
sif and Tanji 2013). Other examples of wild vegetable mixes that include Capsella 
bursa-pastoris are the Italian dish erbucci (Picchi and Pieroni 2005), the Croatian 
svakober (Łuczaj et al. 2013a), and the Spanish caldo verde (Verde et al. 1998).

Additional food uses include the consumption of its flowers and fruits raw (Tar-
dío et al. 2005; Tardío et al. 2006), and the use of the plant to curdle milk, as re-
corded in the Italian region of Basilicata (Guarrera 2006).

Outside the Mediterranean region, the food and medicinal uses of this plant are 
well known in China and other Asian countries (Picchi and Pieroni 2005; Zhou 
1998).

Other Uses Medicinal uses of this species were registered in some Mediterranean 
folk pharmacopoeias. For example, it has been employed to treat kidney-related 
disorders in Algeria (González-Tejero et al. 2008), as digestive, cardiovascular, 
and to treat skin ailments in Portugal (Carvalho 2010), Italy (Guarrera 2006; Pic-
chi and Pieroni 2005) and Cyprus (González-Tejero et al. 2008). It is also consid-
ered a hypotensive and hypocholesterolemic plant in southeastern Spain (Rivera 
et al. 2005). The infusion of the aerial parts was employed to control the menstrual 
flow in Portugal (Mendonça de Carvalho 2006), Spain (Akerreta 2009; Villar et al. 
1987), and Italy (Guarrera 2006; Picchi and Pieroni 2005).

Historical References Although it is often said that it was one of the medicinal 
plants described by Dioscorides (Picchi and Pieroni 2005), it is surely due to an 
incorrect identification of the related species thlaspi in the annotated translation 
of Mattioli, in the sixteenth century (Font Quer 1962; Laguna 1555; Osbaldeston 
2000). However, many of the medicinal uses registered in the ethnobotanical works 
for this plant probably come from these ancient works, being even included in 
recent herbal products marketed in several European countries (European Medi-
cines Agency 2011).

No clear historical references about its food use in the Mediterranean region 
have been found.

Food Composition Tables for raw tender leaves of Capsella bursa-pastoris (Tables 
13.29, 13.30 and 13.31).
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Table 13.29  Main constituents, per 100 g of fresh tender leaves of C. bursa-pastoris
Units Average Range References

Energy (calculated value) kcal 52 38–72 –
Moisture g 82.1 79.1–94.4 1, 2, 3
Available carbohydrates g 6.42 5.54–7.30 3
Dietary fibre g 6.31a – 2

g 2.52b 2.04–3.00 3
Proteins g 3.92 2.04–6.19 2, 3, 4
Lipids g 0.59 0.45–0.67 2, 3
Ash g 2.13 1.24–3.81 2, 3, 4

 K mg 395 315–564 3, 4
 Na mg 34.0 25.0–43.0 3, 4
 Ca mg 292 115–426 3, 4
 Mg mg 52.0 20.7–101 3, 4
 P mg 53.9 42.9–81.0 3, 4
 Fe mg 4.80 3.50–6.14 3
 Cu μg 90 70–110 3, 4
 Mn μg 830 670–1110 3, 4
 Zn μg 452 355–690 3, 4

1 Bianco et al. (1998) Italy, 2 Rodríguez-Berrocal et al. (1987) Spain, 3 Guil-Guerrero et al. 
(1999b) Spain (5 samples), 4 Ayan et al. (2006) Turkey
a  Acid-detergent fibre
b Neutral-detergent fibre

Table 13.30  Vitamins and other constituents, per 100 g of fresh tender leaves of C. 
bursa-pastoris

Units Average Range References
Carotenoids mg 7.40a 5.40–9.40 1
Vitamin C mg 144 91–169 1, 2
Organic acids

 Oxalic acid mg 89.0 64.0–114 1
Nitrate mg 256 – 3

1 Guil-Guerrero et al. (1999b) Spain (5 samples), 2 Kiliç and Coşkun (2007) Turkey, 3 Bianco 
et al. (1998) Italy
a  Expressed as β-carotene
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Remarks (tender leaves of C. bursa-pastoris)

• High protein content compared to other wild plants.
• Good n − 3/n − 6 ratio (> 3).
• It may reach high ash level presenting low Na content (< 120 mg/100 g).
• It may be considered as a source of K, Ca, Fe, Mn, and vitamin C; often 

also a source of Mg.
• Very high nitrate content; not recommended for infants.

Table 13.31  Fatty acids profile (% of total fatty acids) of fresh tender leaves of C. bursa-pastoris
Individual compounds Average Range References
14:0 2.97 – 1
16:0 15.1 – 1
16:1 0.89 – 1
18:0 2.60 – 1
18:1n − 7 0.60 – 1
18:1n − 9 1.38 – 1
18:2n − 6 11.1 – 1
18:3n − 3 50.7 – 1
18:4n − 3 3.35 – 1
20:0 3.93 – 1
20:1n − 9 0.55 – 1
22:0 1.18 – 1
22:1n − 9 0.34 – 1
24:0 1.60 – 1
Categories (calculated values)
SFA 28.4 – –
MUFA 3.9 – –
PUFA 67.7 – –
n − 3 56.1 – –
n − 6 11.5 – –
n − 9 2.4 – –

1 Guil-Guerrero et al. (1999b) Spain (various samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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13.3.10 Chenopodium album L. (Amaranthaceae)

Common Names Fat hen, ansarina-branca (pt), cenizo (es), ansérine blanche (fr), 
farinello comune (it), loboda (bs, hr), nena e egër (sq), aksirken (tr), alklab (ar).

Description Annual herb, up to 1.5 m tall, that has a green striate stem, sometimes 
reddish, and grey branches. The leaves are 1–8 cm, alternate, peciolate, rhombic, 
ovate or lanceolate, usually irregularly dentate. Greenish small flowers, 3 mm in 
diameter, with 5 sepals and 5 stamens, grouped in an inflorescence in panicle. The 
fruit is an achene with a very little, glossy black, and rounded seed, around 1 mm 
in diameter.

Ecology and Distribution This ruderal weedy plant grows in disturbed habitats, 
such as groves, roadsides, and hedgerows in all types of rich in nitrogen soils, up to 
1000 m. Flowering time from May to November. It occurs in almost all the regions 
of the world, being more common in temperate and subtropical zones.

Food Uses This wild vegetable has been traditionally consumed in most Mediterra-
nean countries, being reported at least in Spain (Rigat et al. 2009; Rivera et al. 2005; 
Tardío et al. 2006), Italy (Ghirardini et al. 2007; Guarrera 2006; Lentini and Venza 
2007; Pieroni et al. 2005), Slovenia (Cerne 1992), Croatia (Łuczaj et al. 2013a; 
Łuczaj et al. 2013b), Bosnia-Herzegovina (Redžić 2006), Albania (Hadjichambis 
et al. 2008; Pieroni 2008), and Turkey (Dogan 2012; Ertuğ 2014; Kültür 2008).

The young leaves or the tender tips are collected in spring, during March–April 
(Łuczaj et al. 2013a), but gathering can be prolonged until October in some ar-
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eas (Cerne 1992). They are consumed raw (Pieroni 2008; Verde et al. 2003) but 
are more usually consumed after cooking (Dogan 2012; Hadjichambis et al. 2008; 
Lentini and Venza 2007; Łuczaj et al. 2013a; Pieroni et al. 2005; Rigat et al. 2009; 
Tardío et al. 2006). It is sometimes included in different traditional recipes with 
mixes of wild vegetables, such as the Italian preboggion of Liguria and the pistic of 
Friuli (Picchi and Pieroni 2005), and also the Croatian svakober whose name can 
be translated as “pick all” (Łuczaj et al. 2013a). Other cooked preparations include 
boiled and mixed with butter or cream (Hadjichambis et al. 2008), soups (Cerne 
1992), omelettes (Verde et al. 2003), risotto (Lentini and Venza 2007) or fried in 
olive oil with other ingredients (Dogan 2012; Lentini and Venza 2007; Pieroni et al. 
2005). It is also used as stuffing for vegetables pies, such as the Albanian byrek 
(Hadjichambis et al. 2008; Pieroni 2008), or to prepare other fillings (Lentini and 
Venza 2007), such as that for tortelli (Picchi and Pieroni 2005).

Although with some regional differences, this wild plant, so popular in the past, 
is at the present time scarcely used (Łuczaj et al. 2013a; Picchi and Pieroni 2005), 
even almost abandoned (Verde et al. 2003).

Other Uses This wild vegetable has been often considered a medicinal food, since 
the boiled leaves are regarded as a mild laxative (Picchi and Pieroni 2005; Rivera 
et al. 2005), digestive (Polat et al. 2013), tonic, and good for treating anaemia 
(Guarrera 2006; Picchi and Pieroni 2005). The high levels of Fe found in the plant 
(see Table 13.32 and remarks section) seem to confirm the last application.

Some people consider that its excessive consumption is harmful, even toxic 
(Guarrera 2006; Picchi and Pieroni 2005), probably due to its high levels of oxalic 
acid (see Table 13.33).

This species, widely considered as a weed (e.g. Fajardo et al. 2007; Moll 2005), 
is also used as animal feed for pigs, rabbits, and hens (Fajardo et al. 2007; Guarrera 
2006; Picchi and Pieroni 2005).

Historical References This food plant has been gathered from the wild since 
ancient times, its remains appearing in Neolithic archaeological sites in Greece and 
the Balkans, northern and central Europe (Andrews 1948; Dalby 2003; Kirleis and 
Klooß 2014). According to some authors (Andrews 1948; Osbaldeston 2000), its 
use was reported by Dioscorides and Pliny the Elder. They recognized two closely 
related plants: Atraphaxis and Atriplex. The former being a cultivated species, the 
orache ( Atriplex hortensis L.) and the latter likely being Chenopodium album. 
According to Dioscorides, both species were eaten as vegetables being consid-
ered as mild laxative, besides also being externally applied against skin problems 
(Laguna 1555). As for the alleged toxicity of the plant, Pliny, mentioning the estates 
of some Greek authors, accused it of being extremely difficult of digestion and of 
producing dropsy, jaundice, and paleness of the complexion. In their opinion, it 
should never be boiled without changing the water repeatedly (Bostock and Riley 
1855).
Food Composition Tables for raw tender leaves of Chenopodium album (Tables 
13.32, 13.33 and 13.34).
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Table 13.32  Main constituents, per 100 g of fresh tender leaves of C. album
Units Average Range References

Energy (calculated value) kcal 53 41–81 –
Moisture g 79.8 70.6–96.3 1, 2, 3, 4, 5
Available carbohydrates g 5.89 5.51–6.27 2
Dietary fibre g 6.38 5.97–6.79 2
Proteins g 2.74 0.43–8.83 2, 4, 5
Lipids g 0.63 0.44–0.75 2, 6, 7
Ash g 3.40 2.13–4.39 2, 3

 K mg 1155 855–1444 2, 3, 4
 Na mg 9.04 4.14–138 2, 3, 4
 Ca mg 307 236–438 2, 3, 4
 Mg mg 207 112–393 2, 3, 4
 Fe mg 5.29 4.79–5.80 2, 4
 P mg 25.0 3.70–79.0 2, 4, 5
 Cu μg 185 40–330 2, 4
 Mn μg 1070 550–1590 2, 4
 Zn μg 1300 750–1850 2, 4

1 Guil-Guerrero et al. (1997a) Spain (5 samples), 2 Guil-Guerrero and Torija-Isasa (1997) Spain 
(5 samples), 3 Bianco et al. (1998) Italy (2 samples), 4 Yildrim et al. (2001) Turkey, 5 Özbucak 
et al. (2007) Turkey, 6 Guil-Guerrero et al. (1996b) Spain (various samples), 7 Guil-Guerrero and 
Rodriguez-García (1999) Spain (5 samples)

Units Average Range References
Carotenoids (total) mg 10.6a 6.16–12.5 1, 2, 3, 4, 5e

 β-carotene mg ≈ 22.8 – 5e

 Lutein mg ≈ 37.4 – 5e

 Neoxanthin mg nd – 5e

 Violaxanthin mg ≈ 28.4 – 5e

 Zeaxanthin mg ≈ 1.00 – 5e

 RAE (calculated value) μg ≈ 1900 – –
Vitamin B2 μg 20.0 – 6e

Vitamin B9 (total folates) μg 96.0 – 7e

Vitamin C mg 155 137–171 3
 Ascorbic acid mg 113 42.4–171 1, 2, 3, 8
 Dehydroascorbic acid mg 38.0 29.0–47.0 3

Organic acids
 Oxalic acid mg 1162 361–2027 2, 3, 9

Phenolics (total) mg 861b 785–937 10e

 Flavonoids mg 80c 74–87 10e

Table 13.33  Vitamins and other constituents, per 100 g of fresh tender leaves of C. album
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Remarks (tender leaves of C. album)

• High in dietary fibre (> 6 g/100 g).
• Very high content of oxalates: People with altered renal function should 

avoid this vegetable; boiling is recommended for general population.
• High ash level; good source of K, Ca, Mg, and Fe; sometimes also a source 

of Cu , Mn and Zn.
• Source of vitamin C; it may be also considered as a source of vitamins A 

(provitamin A as β-carotene) and B9 (folates).

Units Average Range References
 Proanthocyanidins mg 378d 342–414 10e

Nitrate mg 197 44.9–397 3, 9
1 Aliotta and Pollio (1981) Italy, 2 Guil-Guerrero and Torija-Isasa (1997) Spain (5 samples), 
3 Guil-Guerrero et al. (1997a) Spain (5 samples), 4 Guil-Guerrero and Rodriguez-García (1999) 
Spain (5 samples), 5 Raju et al. (2007), India (2 samples), 6 Kuhnlein (1990) Canada (4 samples), 
7 Pehrsson et al. (2011) USA (3 samples), 8 Yildrim et al. (2001) Turkey, 9 Bianco et al. (1998) 
Italy (2 samples), 10 Afolayan and Jimoh (2009) South Africa
RAE retinol activity equivalents; nd non-detected values
a  Expressed as β-carotene
b Expressed as tannic acid
c Expressed as quercetin
d Expressed as catechin
e Plants gathered from locations different from Mediterranean or surrounding areas

Table 13.34  Fatty acids profile (% of total fatty acids) of fresh tender leaves of C. album
Individual compounds Average Range References
14:0 0.66 – 1,2
16:0 15.7 – 1,2
18:0 1.69 – 1,2
18:1n − 9 2.90 – 1,2
18:2n − 6 15.9 – 1,2
18:3n − 3 44.8 – 1,2
18:4n − 3 0.17 – 1,2
20:0 0.23 – 1,2
22:0 1.00 – 1,2
24:0 0.61 – 1,2
Categories (calculated values)
SFA 23.8 – –
MUFA 3.5 – –
PUFA 72.8 – –
n − 3 53.5 – –
n − 6 19.0 – –
n − 9 3.5 – –

1 Guil-Guerrero et al. (1996b) Spain (various samples), 2 Guil-Guerrero and Torija-Isasa (1997) 
Spain (5 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Table 13.33 (continued)
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13.3.11 Chondrilla juncea L. (Asteraceae)

Common Names Skeleton weed, gingeira (pt), ajonjera (es), chicorée à la bûche 
(fr), ginestrella (it), abèloradiko (el), karakavuk (tr).

Description Perennial herbaceous plant, up to 1 m tall, with a milky sap when 
broken. Basal rosette of glabrous and sharply lobed leaves that wither when the 
stiff flowering stems build up. Base of the stems with characteristic dense, bristly, 
downward-pointing hairs. Linear stem leaves and small flower heads, with a 7–12 
yellow ligulate flowers.

Ecology and Distribution It grows in dry open habitats: roadsides, croplands, and 
semiarid pastures, in well-drained soils. Eurasian and Mediterranean in origin, it has 
been introduced in North America, Chile, Australia, and New Zealand.

Food Uses The human consumption of this species, both of the young basal leaves 
and the tender flowering shoots, has been mentioned in many Mediterranean coun-
tries, such as Portugal (Carvalho and Telo 2013), Spain (e.g. Fajardo et al. 2007; 
Parada 2008; Tardío et al. 2006), France (Couplan 1989b), Italy (Guarrera 2006; 
Lentini and Venza 2007; Picchi and Pieroni 2005), Slovenia (Cerne 1992), Croa-
tia (Łuczaj et al. 2013a), Greece (Couplan 2009b; Leonti et al. 2006), and Turkey 
(Dogan 2012; Ertuğ 2014). It is very appreciated in some regions, such as Marche, 
in central Italy, where its collection is object of a real cult, being included in mesti-
canza (or misticanza), a salad with a mix of several species (Guarrera 2006; Picchi 
and Pieroni 2005) or in a salad with sliced roots of Campanula rapunculus L. (Pic-
chi and Pieroni 2005). However, in Spain, the spring salads of the long and subter-
ranean sprouts were typically consumed in the past, dressed with salt, vinegar, and 
olive oil. The blanched shoots with leaves, collected when the crops were hand-
weeded, were produced from any part of the roots that were previously severed, due 
to the remarkable powers of regeneration of this weed (Blanco 1998; Parada 2008; 
Tardío et al. 2002; Velasco et al. 2010). In opinion of the informants, these sprouts 
were delicious, very tender, juicy, and non-bitter, especially if gathered in sandy and 
removed soils because they are longer and more tender. Sometimes the plants were 
even covered with ground to obtain blanched shoots (Ferrández and Sanz 1993).



13 Ethnobotanical and Food Composition Monographs … 331

The basal leaves of Chondrilla juncea have also been consumed cooked, either 
boiled and then seasoned with olive oil and lemon, or sautéed with garlic and olive 
oil (Picchi and Pieroni 2005), in vegetable soups (Carvalho and Telo 2013; Picchi 
and Pieroni 2005), pastries (Dogan 2012; Picchi and Pieroni 2005), or included in 
mixed wild vegetable recipes (Verde et al. 1998). The tender flowering shoots were 
consumed cooked in the south of Italy, included in omelettes, or simply boiled and 
seasoned with olive oil and lemon (Lentini and Venza 2007; Picchi and Pieroni 
2005), whereas in Spain they were only eaten raw (Tardío et al. 2002).

The latex of the plant has been used as chewing gum for children (Velasco et al. 
2010) or even to curdle milk and make cheese (Aceituno-Mata 2010).

Other Uses This species has been considered a medicinal food that lowers blood 
pressure (Parada 2008), helps cure insomnia (Lentini and Venza 2007), purifies 
the blood, and is good against vitamin deficiency (Bonet 2001). The roots, boiled 
and macerated in olive oil, have been employed as an antiseptic to heal wounds in 
humans and animals (Bonet 2001). The root latex has also been used to cure hand 
wounds and warts (Picchi and Pieroni 2005; Velasco et al. 2010).

The root latex has also been utilized in many Spanish regions to prepare liga, a 
kind of glue used for trapping birds (e.g. Pellicer 2001; Tardío et al. 2002).

This species is also eaten by livestock or even collected to feed them, being very 
appreciated by sheep and goats, donkeys, rabbits, hens, and pigs (e.g. Aceituno-
Mata 2010; Ferrández and Sanz 1993; Picchi and Pieroni 2005).

The plants, after flowering, were commonly used to make home-made brooms in 
rural areas, at least in central Spain (Blanco 1998; Tardío et al. 2002; Velasco et al. 
2010) and Portugal (Carvalho and Telo 2013). Though not registered in a recent re-
view (Nedelcheva et al. 2007), the Italian name ginestrella (little broom) could also 
suggest this use. These big and hard brooms without stick were employed to sweep 
the road, the stable, and the threshing floor.

This species is a weed of winter cereal crops, especially in the sandy soils of the 
Mediterranean region. Women groups, who used to hand-weeding these crops in the 
spring, kept this useful species for dinner (Picchi and Pieroni 2005).

Historical References According to Picchi and Pieroni (2005), its human con-
sumption was described together with the lettuce by Galeno (second century AD). 
These authors also mentioned that Mattioli, a famous Italian doctor of the sixteenth 
century, remarked that peasants from Tuscany were fond of this delight for the 
palate. However, Clusius (1576), the coetaneous Flemish botanist who travelled 
through Spain and Portugal, only mentioned its use for making brooms and a kind 
of glue for trapping goldfinches and other small birds in Salamanca.

Food Composition Tables for raw tender leaves of Chondrilla juncea (Tables 
13.35, 13.36 and 13.37).
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Table 13.35  Main constituents, per 100 g of fresh tender leaves of C. juncea
Units Average Range References

Energy (calculated value) kcal 44 22–104 –
Moisture g 83.4 65.9–89.7 1, 2, 3, 4
Available carbohydrates g 3.58 1.49–9.69 2, 3
Dietary fibre g 7.70 4.10–13.4 2, 3
Proteins g 2.50 1.83–6.13 2, 3
Lipids g 0.80 0.09–1.50 2, 3, 5
Ash g 2.41 1.39–4.35 2, 3

 K mg 1015 433–1277 2, 3
 Na mg 16.5 3.85–58.0 2, 3
 Ca mg 230 22.0–472 2, 3
 Mg mg 70.4 2.70–100 2, 3
 P mg 12.7 – 2
 Fe mg 4.43 1.47–6.57 2, 3
 Cu μg 430 120–900 3
 Mn μg 970 570–1450 3
 Zn μg 1630 530–3810 3

1 Sánchez-Mata et al. (2012) Spain (2 samples), 2 Ranfa et al. (2014) Italy (various samples), 
3 García-Herrera et al. (2014b) Spain (4 samples), 4 Morales et al. (2014) Spain (4 samples), 5 
Morales et al. (2012b) Spain (4 samples)

Table 13.36  Vitamins and other constituents, per 100 g of fresh tender leaves of C. juncea
Units Average Range References

Carotenoids (total) mg 2.13a – 1
Vitamin B9 (total folates) μg 90.2 74.5–106 2
Vitamin C mg 16.5 11.1–22.1 3, 4

 Ascorbic acid mg 1.88 Traces–3.55 3, 4
 Dehydroascorbic acid mg 14.6 10.5–22.1 3, 4

Vitamin E mg 2.73 – 1
 α-tocopherol mg 0.57 0.39–0.75 4
 β-tocopherol mg 0.01 nd–0.02 4
 γ-tocopherol mg 0.12 0.11–0.13 4
 δ-tocopherol mg 0.05 0.04–0.06 4

Organic acids
 Oxalic acid mg 50.0 6.71–104 3, 4
 Glutamic acid mg nd – 4
 Malic acid mg 51.0 8.14–190 3, 4
 Citric acid mg 24.5 0.83–50.5 3, 4
 Fumaric acid mg 0.78 0.38–1.31 3, 4

Phenolics (total) mg 37.7b 35.3–40.1 4
 Flavonoids mg 7.43c 7.15–7.71 4

1 Ranfa et al. (2014) Italy (various samples), 2 Morales et al. (2015) Spain (4 samples), 3 Sánchez-
Mata et al. (2012) Spain (2 samples), 4 Morales et al. (2014) Spain (4 samples); nd non-detected 
values
a  Expressed as β-carotene
b Expressed as gallic acid
c Expressed as catechin
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Remarks (tender leaves of C. juncea)

• It can reach high available carbohydrates content.
• Good source of dietary fibre (> 3 g/100 g).
• High PUFA proportion, with higher n − 3 fatty acids content (mainly 

α-linolenic acid, 18:3n − 3), compared to other vegetables.
• Low Na content (< 120 mg/100 g). It can be considered as a source of K, 

Mn, and vitamin B9 (folates), sometimes also a source of Ca, Mg, Fe, Cu, 
Zn, and vitamin C.

• Very good oxalic acid/Ca ratio.

Table 13.37  Fatty acids profile (% of total fatty acids) of fresh tender leaves of C. juncea
Individual compounds Average Range References
12:0 0.05 0.03–0.07 1
14:0 0.58 0.53–0.63 1
16:0 13.0 12.5–13.4 1
16:1 0.11 0.11–0.11 1
18:0 2.17 2.14–2.20 1
18:1n − 9 1.91 1.90–1.92 1
18:2n − 6 19.9 19.7–20.1 1
18:3n − 3 56.3 56.1–56.4 1
18:3n − 6 0.13 0.13–0.13 1
20:0 2.31 2.16–2.46 1
20:1n − 9 0.04 0.04–0.04 1
22:0 1.54 1.33–1.75 1
24:0 0.81 0.66–0.96 1
Categories (calculated values)
SFA 20.7 19.9–21.5 –
MUFA 2.1 2.1–2.1 –
PUFA 77.2 76.0–78.2 –
n − 3 57.1 56.4–57.8 –
n − 6 20.3 20.2–20.4 –
n − 9 2.0 2.0–2.0 –

1 Morales et al. (2012b) Spain (4 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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13.3.12 Cichorium intybus L. (Asteraceae)

Common Names Chicory, almeirão (pt), achicoria (es), chicorée (fr), cicoria, 
radicchio (it), cikorija (hr), agrioradikia (gr), hindiba (tr), hindbeh (ar).

Description Perennial herb, with a deep taproot, and a rosette of basal lanceolate 
leaves. They are lobed to deeply toothed near the bottom, with conspicuous hairs 
along the central vein of the lower leaf surface, though they can show a wide varia-
tion in shape and hairiness. Erect and branched flowering stems up to 1.5 m, with 
alternate and smaller leaves. Bright blue and petal-like flowers, with 5 tiny teeth at 
the tip, clustered in heads widely spaced along the flowering stalks, short-stalked or 
stalkless. The fruit is an achene, without pappus (feathery hairs).

Ecology and Distribution It can be found in humanized environments, such as 
roadsides, arable lands, pastures, waste grounds, and other disturbed open habitats, 
mainly on nitrified and slightly moist soils. Native to Eurasia, it is a widespread 
weed all over the world, with a cosmopolitan distribution.

Food Uses Its use as a wild vegetable is widespread in the Mediterranean region, as 
recorded in many ethnobotanical studies from Spain (e.g. Parada et al. 2011; Rivera 
et al. 2005; Tardío et al. 2006), Italy (e.g. Guarrera 2006; Lentini and Venza 2007; 
Picchi and Pieroni 2005), Slovenia (Cerne 1992), Croatia (Łuczaj et al. 2013b), 
Bosnia-Herzegovina (Redžić 2006), Greece (Hadjichambis et al. 2008; Leonti et al. 
2006), Cyprus (Della et al. 2006; Hadjichambis et al. 2008), Turkey (Dogan 2012; 
Ertuğ 2014), Lebanon (Batal and Hunter 2007; Marouf 2005), Tunisia (Le Floc’h 
1983), and Morocco (Nassif and Tanji 2013). The tender basal leaves are collected 
before blooming and consumed either raw or more frequently cooked, since it has a 
characteristic bitter taste that must be reduced by boiling several times and discard-
ing the water. The raw consumption of the plant was associated with its gathering 
in tilled soils when hand-weeding cereal crops, so common in the past. When they 
grow underground, they produce a tight whorl of blanched leaves that are much less 
bitter, being a traditional version of the present cultivated witloof chicory, whose 
compact and elongated head is the result of being forced to sprout in complete dark-
ness (Tardío 2010). The plant was eaten raw with olives, onions, and bread (Della 
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et al. 2006), in salads (e.g. Nassif and Tanji 2013; Picchi and Pieroni 2005; Tardío 
et al. 2006), either with yogurt (Batal and Hunter 2007; Dogan 2012) or in mixed 
salads with other species such as the traditional Italian misticanza (Guarrera 2006). 
Regarding its cooked consumption, there are more recipes, such as soups (e.g. Cerne 
1992; Hadjichambis et al. 2008; Le Floc’h 1983; Lentini and Venza 2007)—includ-
ing the Italian soup fuje amnesteche o foje (Guarrera 2006)—stewed with legumes 
(Della et al. 2006; Hadjichambis et al. 2008; Picchi and Pieroni 2005), boiled and 
seasoned with oil, salt, and lemon (Dogan 2012; Lentini and Venza 2007), boiled 
and fried or sautéed with onion or garlic and oil (Batal and Hunter 2007; Dogan 
2012; Tardío et al. 2006), or even pickled in vinegar (Della et al. 2006). Due to its 
bitter taste, it was often included in several recipes or blends of wild vegetables in 
Spain and Italy (Tardío 2010). Today, it is still possible to find it in local markets of 
Dalmatia, in Croatia (Łuczaj et al. 2013b).

The roots of the wild chicory were also traditionally used as a coffee substi-
tute, as those of the cultivated varieties. They were used mainly in scarce times, 
as reported in Portugal, Spain, and Italy (Guarrera 2006; Mendonça de Carvalho 
2006; Tardío et al. 2006). The roots were dried, roasted, and ground, and sometimes 
mixed with roasted barley or coffee. For the same purpose, the dried basal leaves 
were sometimes used, generally mixed with coffee (Tardío et al. 2005; Velasco et al. 
2010).

Other Uses Bitter herbs, such as chicory, are commonly perceived as healthy 
in many Mediterranean folk cuisines. Its consumption as a vegetable or drinking 
the decoction water is considered appetizer, depurative, diuretic, laxative, blood 
cleanser, and with positive effects on kidneys and liver (Batal and Hunter 2007; 
Bonet and Vallès 2002; Guarrera 2006; Le Floc’h 1983; Lentini and Venza 2007; 
Picchi and Pieroni 2005; Tardío et al. 2005). It is also used to treat gastrointesti-
nal illnesses (Guarrera 2006; Redžić 2006), kidney and liver problems (Batal and 
Hunter 2007; Lentini and Venza 2007; Tardío et al. 2005), high blood pressure 
(Guarrera 2006), and anaemia (Batal and Hunter 2007; Guarrera 2006; Picchi and 
Pieroni 2005) among others. Medicinal properties were also attributed to the boiled 
roots (Villar et al. 1987).

Its leaves are also used as animal fodder, mainly for rabbits, pigs, and poultry 
(e.g. Aceituno-Mata 2010; Benítez 2009; Ferrández and Sanz 1993).

Historical References This wild vegetable is known since antiquity, being men-
tioned by Theophrastus (third century BC; Teofrasto 1988). Its consumption and 
medicinal properties are also referred by Dioscorides and Pliny the Elder (first cen-
tury AD; Bostock and Riley 1855; Osbaldeston 2000). It was regarded as astringent, 
cooling, and good for the stomach, especially when boiled and taken with vine-
gar (Osbaldeston 2000). Its juice, mixed with rose oil and vinegar, was employed 
against headache; and taken with wine, for pains in the liver and bladder (Bostock 
and Riley 1855).

Food Composition Tables for raw tender leaves of Cichorium intybus (Tables 
13.38, 13.39 and 13.40).
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Table 13.38  Main constituents, per 100 g of fresh tender leaves of C. intybus
Units Average Range References

Energy (calculated value) kcal 33 10–58 –
Moisture g 87.9 75.0–94.5 1, 2, 3, 4, 5, 6
Available carbohydrates g 3.50 1.80–4.7 5
Dietary fibre g 3.6 1.20–6.70 1, 5
Proteins g 1.83 0.20–4.30 1, 3, 5
Lipids g 0.46 Traces–0.92 1, 5, 7
Ash g 1.65 1.25–2.10 1, 2, 5

 K mg 299 50–1085 2, 5
 Na mg 70.8 21.6–170 2, 5
 Ca mg 153 45.5–276 2, 5
 Mg mg 19.8 12.0–33.9 2, 5
 P mg 10 – 3
 Fe mg 1.29 0.41–2.00 5
 Cu μg 110 60.2–210 5
 Mn μg 260 170–470 5
 Zn μg 370 80–510 5

1 Cowan et al. (1963), Lebanon, 2 Bianco et al. (1998) Italy (2 samples), 3 Özbucak et al. (2007) 
Turkey, 4 Sánchez-Mata et al (2012) Spain (2 samples), 5 García-Herrera et al.(2014b) Spain (4 
samples), 6 Morales et al. (2014) Spain (4 samples), 7 Morales (2012b) Spain (4 samples)

Units Average Range References
Carotenoids

 β-carotene mg 2.94 1.44–4.45 1, 2, 3
 Lutein mg 3.65 3.05–4.54 2, 3
 Neoxanthin mg 1.44 1.15–1.73 2
 Violaxanthin mg 1.70 1.39–2.01 2
 RAE (calculated value) μg 245 120–371 –

Vitamin B9 (total folates) μg 253 244–262 4
Vitamin C mg 19.7 11.5–23.0 3, 5, 6

 Ascorbic acid mg 2.72 0.34–7.00 5, 6
 Dehydroascorbic acid mg 15.2 11.5–18.9 5, 6

Vitamin E
 α-tocopherol mg 0.99 0.88–1.10 3, 6
 β-tocopherol mg 0.04 0.03–0.05 6
 γ-tocopherol mg 1.23 0.58–1.97 3, 6
 δ-tocopherol mg 0.08 0.08–0.08 6

Vitamin K mg 173 – 3
Organic acids

 Oxalic acid mg 40.0 3.94–76.1 5, 6
 Glutamic acid mg 70.2 56.3–84.1 6
 Malic acid mg 92.5 11.1–150 5, 6
 Citric acid mg 30.3 4.62–55.9 5, 6
 Fumaric acid mg 2.40 Traces–3.38 5, 6

Table 13.39  Vitamins and other constituents, per 100 g of fresh tender leaves of C. intybus
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Units Average Range References
Phenolics (total) mg 96.3a 73.0–119 3, 6

mg 122b – 2
mg 306c 99.4–396 7, 8

 Phenolic acids mg 15.8d – 2
 Flavonoids mg 20.8c 20.5–21.0 7

mg 31.3e 30.3–32.3 6
mg 106f – 2

Nitrate mg 12.9 – 9
1 Cowan et al. (1963) Lebanon, 2 Salvatore et al. (2005) Italy (3 samples), 3 Vardavas et al. 
(2006b) Crete (3 samples), 4 Morales et al. (2015) Spain (4 samples), 5 Sánchez-Mata et al (2012) 
Spain (2 samples), 6 Morales et al. (2014) Spain (4 samples), 7 Conforti et al. (2009) Italy, 8 Con-
forti et al. (2011) Italy (4 samples), 9 Bianco et al. (1998) Italy (2 samples)
RAE retinol activity equivalents
a  Expressed as gallic acid
b Expressed as sum of individual compounds
c Expressed as chlorogenic acid
d Expressed as caffeic acid
e Expressed as catechin
f Expressed as quercetin

Table 13.39 (continued)

Table 13.40  Fatty acids profile (% of total fatty acids) of fresh tender leaves of C. intybus
Individual compounds Average Range References
12:0 0.05 0.04–0.06 1
14:0 0.99 0.29–1.60 1, 2
16:0 15.8 10.0–21.1 1, 2
16:1 0.40 0.09–0.67 1, 2
18:0 2.13 1.33–2.87 1, 2
18:1n − 9 1.57 1.53–1.61 1, 2
18:2n − 6 18.1 15.1–21.1 1, 2
18:3n − 3 48.8 37.1–60.9 1, 2
18:3n − 6 0.33 0.33–0.33 1, 2
20:0 0.82 0.63–1.00 1, 2
20:1n − 9 0.16 0.05–0.27 1
22:0 0.50 0.10–1.13 1, 2
24:0 4.38 1.12–7.60 1, 2
Categories (calculated values)
SFA 26.0 20.5–30.2 –
MUFA 2.5 1.8–4.9 –
PUFA 69.2 68.0–76.9 –
n − 3 50.3 50.2–54.4 –
n − 6 19.0 17.7–22.6 –
n − 9 2.2.1 1.7–2.5 –

1 Morales (2012b) Spain (4 samples), 2 Vardavas et al. (2006a) Crete (3 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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Remarks (tender leaves of C. intybus)

• In some cases it may be considered as a source of dietary fibre (> 3 g/100 g).
• Good oxalic acid/Ca ratio. Low oxalate levels (< 100 mg/100 g).
• Low Na content (< 120 mg/100 g); sometimes may be a source of K and Ca.
• It can be considered as a source of vitamins C, B9 (folates), and A (provi-

tamin A as β-carotene).
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13.3.13 Crataegus monogyna Jacq. (Rosaceae)

Common Names Common hawthorn, pilriteiro (pt), majuelo (es), aubépine (fr), 
biancospino comune (it), glog (hr), trikokkiá (el), yemişen (tr), zaarour bari (ar).

Description Shrub or small tree, up to 7 m, spiny, deciduous that usually has a 
rounded top. The leaves are petiolate, obovate, or spatulate, cuneate, with up to 7 
acute to rounded lobes. The flowers are grouped in 5–11 corymbiform groups, long 
pedicelate, with 5 sepals and 5 rounded petals, white or cream 20 stamens, with 
purple anthers. The fruits are spherical pomes up to 1 cm, usually red, fleshy, with 
1 seed or pyrene. It flowers from March to July.

Ecology and Distribution It grows in open forests, edges and thickets, frequently 
on fresh and deep soils. It lives in almost all of Europe, northwest of Africa and 
west Asia, up to 2000 m. It is highly variable and six subspecies are considered in 
Europe.

Food Uses The fruits were commonly eaten in Portugal (Carvalho 2010), Spain 
(e.g. Aceituno-Mata 2010; Benítez 2009; Menendez-Baceta et al. 2012; Tardío et al. 
2006), Italy (Guarrera 2006; Leonti et al. 2006), Slovenia (Cerne 1992), Bosnia-
Herzegovina (Redžić 2006), Cyprus (Hadjichambis et al. 2008), Turkey (Ertuğ 
2004, Ertuğ 2014), Tunisia (Le Floc’h 1983), and Morocco (Nassif and Tanji 2013). 
They ripen in autumn and were commonly eaten raw directly from the field (e.g. 
Blanco 1998; Cobo and Tijera 2011) and also consumed as a dessert or even stored 
for the winter (Aceituno-Mata 2010; Carvalho and Telo 2013), and sometimes even 
sold (Guzmán 1997; Tardío et al. 2002; Velasco et al. 2010). The fruits are usu-
ally small, with little flesh, and therefore they were mainly a children food and 
also used in famine times (Blanco and Diez 2005). However, there are trees with 
bigger and tastier fruits that were preferably exploited (Tardío et al. 2002), Never-
theless, they have been traditionally believed to be very rich in vitamins and, for 
instance, in some regions of Portugal, children were forced to eat them (Carvalho 
2010). The pomes have been also used for making jam in Spain (Benítez 2009; 
Sánchez-Romero 2003), Italy (Lentini and Venza 2007) and Cyprus (Della et al. 
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2006). A liqueur of the fruits is prepared in Spain (e.g. González et al. 2011a; Verde 
et al. 2001), Italy (Guarrera 2006), and Slovenia (Cerne 1992), macerating them in 
brandy or liquor, alone or with other herbs (Parada 2008).
The raw flowers, young shoots, and leaves have been eaten in Spain (e.g. Tardío 
et al. 2006; Velasco et al. 2010) and Italy (Guarrera 2006), and the young leaves are 
also eaten in salads in Cyprus (Hadjichambis et al. 2008).

Other Uses It is a very important medicinal plant. The infusion of the flowers is 
commonly taken as sedative (e.g. Benítez 2009; Blanco and Cuadrado 2000; Pel-
licer 2001), considered hypotensive (e.g. Bonet and Vallès 2002; Guzmán 1997; 
Pardo-de-Santayana 2003), cardiotonic (e.g. Fajardo et al. 2007; Sánchez-Romero 
2003) and used to cure circulatory (Fajardo et al. 2007; García Jiménez 2007) or 
respiratory ailments (Carvalho 2010). The leaves (Velasco et al. 2010) or fruits are 
sometimes used against such complaints (Villar et al. 1987). The fruits are consid-
ered a medicinal food, having relaxing (Lentini and Venza 2007), laxative (Villar 
et al. 1987), and digestive properties (García Jiménez 2007), and the jam is used as 
anticatarrhal (e.g. Benítez 2009; Fajardo et al. 2007).

The young shoots, leaves, and fruits are appreciated for feeding animals (Benítez 
2009; Guarrera 2006), especially goats, pigs, and turkeys (e.g. Aceituno-Mata 2010; 
Fajardo et al. 2007; Velasco et al. 2010). It is also consumed by wild animals (Cri-
ado et al. 2008; Parada 2008), and the bees make good honey from its flowers (Fa-
jardo et al. 2007; Lastra 2003; Molina 2001).

Its wood is used for manufacturing tool handles, musical instruments, bowls or 
spoons in Spain (e.g. Aceituno-Mata 2010; Fajardo et al. 2007), Portugal (Carvalho 
and Telo 2013), Italy (Guarrera 2006), and Turkey (Ertuğ 2004).

It has been used as rootstock for grafting trees, such as pear and apple trees 
(Aceituno-Mata 2010; Fajardo et al. 2007; Velasco et al. 2010), medlar (Guarrera 
2006), service tree (Ferrández and Sanz 1993; Pardo-de-Santayana 2003), plum tree 
(Moll 2005), or climbing rosetrees (Mesa 1996). This plant is also used for hedges 
(Ferrández and Sanz 1993; Guarrera 2006) and as firewood since it has a high calo-
rific power (Velasco et al. 2010).

The fruits were employed in several children games, such as throwing the seeds 
with a peashooter (e.g. Ferrández and Sanz 1993; Tardío et al. 2002), or elaborating 
bracelets and necklaces (Aceituno-Mata 2010; Benítez 2009).

The flowering and fruiting branches are used as ornamentals (Carvalho 2010; 
Parada 2008) and for popular bunches for sweetheart (Criado et al. 2008). This 
small tree was also employed for crop yield prediction: In the years with an abun-
dant flowering, a good crop yield was expected by the peasants (Benítez 2009).

Historical References The fruits of plants of this genus have been used since 
antiquity, and their remains have been found in many archaeological sites (e.g. Font 
Quer 1962; Heiss 2014; Rottoli 2014). They were mentioned by Theophrastus in the 
third century BC and by Dioscorides in the first century (Osbaldeston 2000; Teo-
frasto 1988). The Spanish botanist of the sixteenth century, Laguna (1555) reported 
that he commonly ate the fruits as a child in his homeland, Segovia, Spain.

Food Composition Tables for raw fruits of Crataegus monogyna (Tables 13.41, 
13.42 and 13.43).
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Table 13.41  Main constituents, per 100 g of fresh fruits of C. monogyna
Units Average Range References

Energy (calculated value) kcal 139 80–206 –
Moisture g 61.8 32.1–77.8 1, 2, 3, 4, 5, 6, 7, 8
Available carbohydrates g 25.9 9.40–37.5 5, 7

 Soluble sugars (total) g 14.4 7.7–17.7 1, 5, 7
  Fructose g 2.82 1.54–4.14 1, 5, 7
  Glucose g 7.90 1.05–14.3 1, 5, 7
  Sucrose g 0.21 0.05–0.44 1, 5, 7

Dietary fibre g 11.8 7.23–16.4 7
 Insoluble fibre g 8.90 5.50–15.3 7
 Soluble fibre g 3.20 2.10–6.80 7

Proteins g 1.43 0.39–2.48 4, 5, 7, 8
Lipids g 0.63 0.38–1.22 1, 4, 5, 7, 8
Ash g 2.32 1.07–4.26 1, 2, 4, 5, 7, 8

 K mg 459 113–603 1, 2, 3, 7, 8
 Na mg 15.6 3.14–31.2 1, 7, 8
 Ca mg 235 115–304 1, 2, 7, 8
 Mg mg 83.3 11.8–150 1, 2, 7, 8
 P mg 86.4 25.9–147 1, 8
 Fe mg 1.82 0.43–3.27 1, 2, 7, 8
 Cu μg 179 84.0–233 1, 2, 7
 Mn μg 742 46.0–1141 1, 2, 7
 Zn μg 311 187–540 1, 2, 7

1 Doležal et al. (2001) Czech Republic, 2 Boudraa et al. (2010) Algeria, 3 Egea et al. (2010) Spain, 
4 Ganhão et al. (2010) Spain, 5 Barros et al. (2011a) Portugal, 6 Morales et al. (2013) Spain (6 
samples), 7 Ruiz-Rodríguez (2014) Spain (6 samples), 8 Özcan et al. (2005) Turkey

Units Average Range References
Carotenoids

 β-carotene mg 1.32 Traces–1.59 1, 2, 3, 4
 RAE (calculated value) µg 110 90–130 –

Vitamin B1 µg 5 5–5 2
Vitamin C mg 27.8 9.62–38.5 1, 5, 6

 Ascorbic acid mg 8.85 nd–25.2 2, 3, 5, 6, 7, 8
 Dehydroascorbic acid mg 21.6 9.31–36.3 5, 6

Vitamin E
 α-tocopherol mg 1.88 0.70–3.02 2, 5
 β-tocopherol mg 0.15 0.14–0.16 5
 γ-tocopherol mg 0.17 0.16–0.18 5
 δ-tocopherol mg 0.16 0.13–0.19 5

Organic acids
 Oxalic acid mg 70.7 30.5–84.3 5, 8
 Shikimic acid mg 9.2 9.2–9.2 8
 Malic acid mg 463 146–608 5, 8
 Citric acid mg 48.9 29.2–72.0 5, 8

Table 13.42  Vitamins and other constituents, per 100 g of fresh fruits of C. monogyna
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Units Average Range References
 Fumaric acid mg 0.15 nd–0.40 5, 8
 Succinic acid mg 3.08 nd–10.3 5, 8

Phenolics (total) mg 681a 347–1375 6
mg 745b 312–2525 9, 10

Phenolic acids mg 467b 245–911 6
  Hydroxibenzoic mg 0.55b 0.36–0.84 10
  Hydroxycinnamic acids mg 23.5c 18.5–28.4 10

 Flavonols mg 110d 32.3–468 6, 10
 Anthocyanins mg 11.1e 0.88–21.4 9, 10

mg 27.3f 9.54–56.0 6
Sorbitol g 4.34 – 1

1 Doležal et al. (2001) Czech Republic, 2 Boudraa et al. (2010) Algeria, 3 Egea et al. (2010) Spain, 
4 Ruiz-Rodríguez (2014) Spain (6 samples), 5 Morales et al. (2013) Spain (6 samples), 6 Ruiz-
Rodríguez et al. (2014a) Spain (6 samples), 7 Barros et al. (2011a) Portugal, 8 Pereira et al. (2013) 
Portugal, 9 Froehlicher et al. (2009) France; 10 Ganhão et al. (2010) Spain
RAE retinol activity equivalents; nd non-detected values
a  Expressed as sum of individual compounds (gallic acid derivatives as major components)
b Expressed as gallic acid
c Expressed as chlorogenic acid
d Expressed as rutin
e Expressed as cyanidin-3-glucoside
f Expressed as pelargonidin-3-glucoside

Table 13.42 (continued)

Table 13.43  Fatty acids profile (% of total fatty acids) of fresh fruits of C. monogyna
Individual compounds Average Range References
12:0 2.42 2.36–2.48 1
14:0 1.21 1.21–1.21 1
16:0 30.6 25.2–31.22 1, 2
16:1 0.40 0.38–0.42 1
18:0 5.24 3.81–6.61 1, 2
18:1n − 9 17.8 10.1–24.9 1, 2
18:2n − 6 10.3 10.2–10.8 1, 2
18:3n − 3 16.1 15.7–16.4 1
20:0 nd – 1
20:1n − 9 3.06 2.93–3.19 1
22:0 4.67 4.64–4.70 1
24:0 13.3 11.5–15.1 1
Categories (calculated values)
SFA 54.6 52.2–62.9 –
MUFA 20.2 13.5–28.6 –
PUFA 25.1 20.6–27.2 –
n − 3 15.3 14.9–15.6 –
n − 6 10.2 9.8–10.3 –
n − 9 21.3 13.4–28.5 –

1 Morales et al. (2013) Spain (6 samples), 2 Doležal et al. (2001) Czech Republic; nd non-detected 
values
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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Remarks (fruits of C. monogyna)

• High content of sugars.
• High in dietary fibre (> 6 g/100 g).
• High ash level but low Na content (< 120 mg/100 g).
• It can be considered as a source of Ca and vitamin A (provitamin A as 

β-carotene); sometimes also a source of K, Mg, Cu, Mn, and vitamins C 
and E.

• High phenolics content.
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13.3.14 Crithmum maritimum L. (Apiaceae)

Common Names Rock samphire, funcho do mar (pt), hinojo marino (es), criste 
marine (fr), finocchio marino (it), motar (hr), kritamo (el), denizteresi (tr), shanar 
bahariya (ar).

Description Perennial herb, woody at the base, that bears glabrous, fleshy, and 
pinnate leaves, with 2–5 cm lanceolate leaflets, usually acute. Flowers mostly her-
maphrodite, with minute sepals and pale yellow petals grouped in a compound 
umbel. The fruits are 3–6 mm, ovoids, glabrous, with 10 ridges.

Ecology and Distribution It grows on maritime rocks and hanging on cliffs, some-
times on sand, 0–150 m. It flowers usually from May to July. Very common in the 
coasts of almost all of Europe, Mediterranean Asia, and the north of Africa.

Food Uses The tender leaves and stems, collected both in spring and summer, and 
even in autumn, have been traditionally consumed as a salad vegetable in most 
Mediterranean countries, such as Spain (e.g. Carrió 2013; Parada 2008; Pellicer 
2004a), Italy (e.g. Guarrera 2006; Picchi and Pieroni 2005), Slovenia (Cerne 1992), 
Croatia (Łuczaj et al. 2013b), Bosnia-Herzegovina (Redžić 2006), Greece (Hadji-
chambis et al. 2008), Cyprus (Della et al. 2006), Turkey (Dogan 2012; Ertuğ 2014), 
Tunisia (Le Floc’h 1983), and Morocco (Nassif and Tanji 2013). Although it can be 
eaten raw, it is frequently scalded in boiling water to soften, before using in salads. 
The tender leaves and stems have been traditionally preserved as pickles or brines 
throughout the Mediterranean region (e.g. Carrió 2013; Della et al. 2006; Guarrera 
2006; Hadjichambis et al. 2008; Le Floc’h 1983; Moll 2005; Parada 2008; Pellicer 
2004a; Picchi and Pieroni 2005). In a mode of preparation described in Alicante 
(Spain), the young leaves are cut into pieces and cleaned, slightly boiled, and let 
to cool completely. They are put in a wide-mouth recipient and covered with brine 
made with water, vinegar, and salt in a proportion of 5:1:0.5, or with a bit higher 
proportion of water if the brine is preferred softer. Following Picchi and Pieroni 
(2005), in Italy, the leaves are exposed to the sun, before being introduced in vin-
egar. In Cyprus, it is eaten like an appetizer with several kinds of food (Della et al. 
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2006); in the Balearic Islands, they are typically eaten with bread and olive oil (Car-
rió 2013), or prepared with capers (Moll 2005).
It is also used as a cooked vegetable, usually mixed with other species, so it can 
be also considered as a condiment, depending on the proportions of use. It is sold 
included in wild vegetable mixes, in the markets of Dalmatia, Croatia (Łuczaj et al. 
2013b), and in Menorca, Spain, where it is cooked with rice (Moll 2005).

As a condiment, it has been used for seasoning olives, together with other aro-
matic plants, such as thyme and oregano in Catalonia, Spain, and also for home-
made anchovies in brine, being covered with the leaves of the plant that confer them 
an special scent (Font Quer 1962). In Italy, the plant is used for the elaboration of 
sauces (Guarrera 2006), or as a fish condiment, being also employed in modern 
cuisine (Picchi and Pieroni 2005). Besides the leaves, the seeds are also used as a 
condiment, in Sicily (Lentini and Venza 2007).

In Mallorca, Spain, some people used this plant, instead of fennel ( Foeniculum 
vulgare) in the elaboration of the typical herb liqueur (Carrió 2013).

In the past, this plant used to be sold on the streets of the Isle of Mallorca, while 
shouting fonoll marí! (sea fennel), being an interesting economic supplement for the 
collectors (Carrió 2013). Nowadays, some supermarkets sell jars with the pickled 
leaves.

Other Uses The medicinal properties of the consumption of this species are men-
tioned in many ethnobotanical works, as digestive, diuretic, and against scurvy 
(Carrió 2013; Guarrera 2006). Sailors have traditionally brought it in the boats for 
fighting against scurvy and renal and bladder stones. That is probably the reason of 
one of its popular names (St Peter’s herb) in several European languages, such the 
Italian erba di San Pietro or the French Saint Pierre, whose derivation produce the 
English name samphire.

Historical References This species has a long history of use, both as a vegetable 
and as a medicinal plant, so it is possible to find lots of references. For instance, in 
the first century, both Dioscorides and Pliny the Elder referred to its consumption, 
eaten either raw or boiled, and also preserved in brine (Bostock and Riley 1855; 
Osbaldeston 2000). Besides describing some other medicinal properties, they also 
agreed in the effectiveness as diuretic of a drink made with its seed, root, and leaves 
boiled in wine, especially to help frequent painful urination. Many other historical 
sources refer its use. Laguna (1555) mentioned that the preserved plant was brought 
to Spain from Sicily. Outside the Mediterranean region, the English Nicholas Cul-
peper describes the plant in his Complete Herbal (1653) as having a pleasant, hot 
and spicy taste and being a great “digestive”. The Spanish botanist Gómez-Ortega 
(1784) said that the part of Spain where the plant was more appreciated was Catalo-
nia. There, the biggest sea fennel individuals were collected and prepared in vinegar 
to eat them, in salad or other several ways, all the year round, especially in winter.

Food Composition Tables for raw tender leaves of Crithmum maritimum (Tables 
13.44, 13.45 and 13.46).
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Table 13.44  Main constituents, per 100 g of fresh leaves of C. maritimum
Units Average Range References

Energy (calculated value) kcal 30 23–38 –
Moisture g 86.8 47.7–88.6 1, 2, 3
Available carbohydrates g 2.08 1.90–2.7 1
Dietary fibre g 4.68 3.04–5.60 1
Proteins g 2.23 1.7–2.8 1
Lipids g 0.43 0.28–0.58 1, 4, 5
Ash g 2.90 2.54–3.48 1

 K mg 252 198–343 1, 3, 6
 Na mg 464 185–636 1, 3, 6
 Ca mg 224 85–414 1, 3, 6
 Mg mg 76.6 57.4–97.0 1, 3, 6, 7
 P mg 21.5 16.0–24.0 3, 7
 Fe mg 2.29 1.09–3.70 1, 3, 6, 7
 Cu μg 120 95.0–151 1, 3
 Mn μg 990 432–1080 1, 3
 Zn μg 665 334–870 1, 3, 6

1 Guil-Guerrero et al. (1996a) Spain (10 samples), 2 Guil-Guerrero et al. (1997a) Spain (5 sam-
ples), 3 Guil-Guerrero et al. (1998b) Spain (5 samples), 4 Guil-Guerrero et al. (1996b) Spain (vari-
ous samples), 5 Guil-Guerrero and Rodríguez García (1999) Spain (5 samples), 6 Romojaro et al 
(2013) Spain, 7 Guil-Guerrero and Torija-Isasa (2002) Spain

Table 13.45  Vitamins and other constituents, per 100 g of fresh leaves of C. maritimum
Units Average Range References

Carotenoids (total) mg 4.46a 3.30–5.60 1, 2, 3
Vitamin C mg 62.0 39.0–76.6 1, 2, 4

 Ascorbic acid mg 39.0 22.0–50.7 1, 2, 4
 Dehydroascorbic acid mg 23.0 17.0–26.3 2, 4

Organic acids
 Oxalic acid mg 53.0 16.0–77.0 1, 2

Phenolics (total) mg ≈1260 ≈715–1090 5
 Flavonoids mg ≈35.6b 21.1–50.2 5
 Taninns mg ≈193 35.6–350 5

Nitrate mg 63.0 41.0–85.0 2
1 Guil-Guerrero et al. (1996a) Spain (10 samples), 2 Guil-Guerrero et al. (1997a) Spain (5 sam-
ples), 3 Guil-Guerrero and Rodríguez García (1999) Spain (5 samples), 4 Franke (1982) Italy, 5 
Males et al. (2003) Croatia (10 samples)
a  Expressed as β–carotene
b Expressed a quercetin
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Table 13.46  Fatty acids profile (% of total fatty acids) of fresh leaves of C. maritimum
Individual compounds Average Range References
14:0 1.75 – 1
16:0 9.41 – 1
16:1n − 7 0.62 – 1
18:0 1.49 – 1
18:1n − 7 nd – 1
18:1n − 9 16.1 – 1
18:2n − 6 12.0 – 1
18:3n − 3 9.98 – 1
18:3n − 6 0.25 – 1
18:4n − 3 0.42 – 1
20:0 1.38 – 1
20:1n − 9 0.54 – 1
Categories (calculated values)
SFA 26.0 – –
MUFA 32.0 – –
PUFA 42.0 – –
n − 3 19.0 – –
n − 6 22.7 – –
n − 9 30.8 – –

1 Guil-Guerrero et al. (1996b) Spain (various samples);
SFA saturated fatty acids; nd non-detected values
MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (leaves of C. maritimum)

• Low energy value (< 40 kcal/100 g).
• Source of dietary fibre (> 3 g/100 g).
• High MUFA proportion (oleic acid).
• Low oxalate levels (< 100 mg/100 g).
• High ash levels and Na content.
• It can be considered as a source of Mg, Mn, and vitamin C, sometimes also 

a source of Ca and Fe.
• Very high amount of phenolics.
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13.3.15 Eruca vesicaria (L.) Cav. (Brassicaceae)

Common Names Rocket, oruga (es), roquette (fr), rucola (it), roca (el), yabani 
roka (tr), jarjeer (ar).

Description This annual herb has a rosette of basal pinnatifid leaves with several 
lateral lobes and a large terminal lobe. The flowers have 4 erect sepals and perpen-
dicular to these appear 4 white petals, with characteristic purple or brown veins. 
The fruit is a siliqua, more than 2 cm long, with seeds growing in two rows and a 
prominent flattened beak.
The cultivated form is named E. vesicaria subsp. sativa (Mill.) Thell and usually 
have bigger leaves and fruits and early deciduous sepals.

Ecology and Distribution It is a ruderal plant that grows along roads, in waste 
places, and cultivated grounds. It flowers in late winter and spring. Native to the 
Mediterranean region, it occurs in south of Europe, north Africa, and west Asia.

Food Uses This plant has been traditionally consumed throughout the Mediter-
ranean countries, at least in Spain (e.g. Parada et al. 2011; Pellicer 2004a; Tardío 
et al. 2006), Italy (Guarrera 2006; Pieroni et al. 2005), Slovenia (Cerne 1992), Croa-
tia (Łuczaj et al. 2013b), Greece (Hadjichambis et al. 2008), Cyprus (Della et al. 
2006), Turkey (Dogan 2012; Ertuğ 2014), Lebanon (Marouf 2005), Jordan (Al-
Qura’n 2010; Tukan et al. 1998), Palestine (Ali-Shtayeh et al. 2008), Tunisia (Le 
Floc’h 1983), and Morocco (Nassif and Tanji 2013). Its basal leaves are collected 
in spring, being mainly consumed raw in salads (Al-Qura’n 2010; Ali-Shtayeh et al. 
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2008; Cerne 1992; Della et al. 2006; Dogan 2012; Guarrera 2006; Hadjichambis 
et al. 2008; Marouf 2005; Piera 2006; Tukan et al. 1998), or raw without prepara-
tion (Al-Qura’n 2010; Dogan 2012; Tukan et al. 1998). Additionally, they are con-
sumed cooked (Tardío et al. 2006; Triano et al. 1998), in soups (Piera 2006), used 
to make sauces (Guarrera 2006; Nassif and Tanji 2013; Piera 2006), or as garnish 
for couscous (Nassif and Tanji 2013). The leaves have a strong flavour, generally 
used in small proportions, mixed with other vegetables. Therefore, it is sometimes 
considered as a spice (Cerne 1992).

Its seeds are also consumed, either eaten raw or used as seasoning for cakes, as 
registered in Spain (Tardío et al. 2006).

This species is collected from the wild, but it is also cultivated as a crop (Della 
et al. 2006; Dogan 2012), although its domestication cannot be considered com-
plete (Paludosi and Pignone 1997). It can be purchased throughout the year from 
local markets and stores. Due to its strong and sometimes aggressive flavour (even 
that of the cultivated forms), in some places of Italy, it has been substituted by two 
perennial species of the same family, Diplotaxis tenuifolia (L.) DC and D. muralis 
(L.) DC Picchi (Picchi and Pieroni 2005). The three species are included in the col-
lective name rocket and both Eruca and D. tenuifolia are cultivated (Paludosi and 
Pignone 1997).

Other Uses This vegetable has been traditionally considered as a medicinal food 
with several medicinal properties attributed to its consumption, such as digestive 
and depurative (Guarrera 2006; Piera 2006). Modern studies have shown some of 
these properties and even some antitumoral activity has been suggested (Esiyok 
et al. 2004).

Historical References The leaves have been surely consumed since ancient times. 
It is generally agreed that the vegetable mentioned in the Bible (2 King 4:39–40) as 
oroth is this plant (Wright 2012). It has a long history of cultivation, being cited by 
Theophrastus among the cultivated vegetables with vigorous seeds which germinate 
quickly (Teofrasto 1988). Pliny the Elder, in the first century, mentioned that this 
plant may be grown with the greatest facility either in summer or winter, being able 
to stand the cold (Bostock and Riley 1855). He also compared this vegetable with 
lettuce, pointing out that their properties are quite different, the rocket being a great 
provocative of lust. For this reason, he said that these two plants should be mixed 
in dishes, the excess of cold in the one being compensated by the equal degree of 
heat in the other. Dioscorides also stated that eaten in great amount encourages the 
pursuit of sexual pleasure (aphrodisiac), both the leaves and the seeds, also being 
diuretic, digestive, and good for the bowels. He mentioned the use of the seeds as a 
condiment for other foods, specifying the existence in Spain of a wild form whose 
seeds were used instead of mustard, being more diuretic and far sharper than the 
cultivated (Laguna 1555; Osbaldeston 2000). The supposed aphrodisiac quality of 
rocket was the reason why Roman Catholic Church banned its cultivation in monas-
tic gardens (Wright 2012).

Food Composition Tables for raw tender leaves of Eruca vesicaria (Tables 13.47, 
13.48 and 13.49).
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Table 13.47  Main constituents, per 100 g of fresh leaves of E. vesicaria
Units Average Range References

Energy (calculated value) kcal 28 – –
Moisture g 89.6 – 1
Available carbohydrates g 2.10 – 2
Dietary fibre g 1.60 – 2
Proteins g 2.60 – 2
Lipids g 0.70 – 2
Ash g 2.12 – 1

 K mg 413 369–449 1, 2, 3, 4
 Na mg 14.1 6.64–27.0 1, 2, 3, 4
 Ca mg 250 160–327 1, 2, 3, 4
 Mg mg 33.7 22–48.1 1, 3, 4
 Fe mg 1.81 1.04–2.91 1, 3, 4
 Cu µg ≈63.7 44.5–83.0 3, 4
 Mn µg ≈389 336–443 3, 4
 Zn μg 429 349–538 1, 4

1 Bianco et al. (1998) Italy (2 samples), 2 Souci et al. (2008) unknown origin, 3 Barlas et al. (2011) 
Turkey (30 samples), 4 Villatoro-Pulido et al. (2012), various origins (27 samples)

Table 13.48  Vitamins and other constituents, per 100 g of fresh leaves of E. vesicaria
Units Average Range References

Carotenoids
 β-carotene mg 1.28 1.15–1.40 1, 2
 Lutein mg 2.48 – 1
 RAE (calculated value) μg 110 90–120 –

Vitamin B1 μg 40 – 2
Vitamin B2 μg 90 – 2
Vitamin B3 (nicotinamide) μg 300 – 2
Vitamin B6 μg 70 – 2
Vitamin C mg 125 – 1
Vitamin E

 α-tocopherol mg 3.07 – 1
 γ-tocopherol mg 0.09 – 1

Vitamin K μg 31 – 1
Organic acids

 Oxalic acid mg 7.00 – 3
Phenolics (total) mg 211a – 1
Nitrate mg 257 – 3

1 Vardavas et al. (2006b) Crete, 2 Souci et al. (2008) unknown origin, 3 Bianco et al. (1998) Italy 
(2 samples)
RAE retinol activity equivalents
a  Expressed as gallic acid
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Table 13.49  Fatty acids profile (% of total fatty acids) fresh leaves of E. vesicaria
Individual compounds Average Range References
14:0 3.4 – 1
16:0 29.5 – 1
16:1 1.3 – 1
18:0 3.3 – 1
18:1n − 9 2.9 – 1
18:2n − 6 11.7 – 1
18:3n − 3 44.3 – 1
18:3n − 6 0.4 – 1
24:0 0.4 – 1
Categories (calculated values)
SFA 37.7 – –
MUFA 4.3 – –
PUFA 58.0 – –
n − 3 46.0 – –
n − 6 12.4 – –
n − 9 3.0 – –

1 Vardavas et al. (2006a) Greece SFA saturated fatty acids, MUFA monounsaturated fatty acids, 
PUFA polyunsaturated fatty acids

Remarks (leaves of E. vesicaria)

• Low energy value (< 40 kcal/100 g).
• Good n − 3/n − 6 ratio (> 3).
• Low oxalic acid level (< 100 mg/100 g).
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13.3.16 Foeniculum vulgare Mill. (Apiaceae)

Common Names Wild fennel, funcho (pt), hinojo (es), fenouil (fr), finocchio sel-
vatico (it), komorač (hr), marathos (el), rezene (tr), shumar (ar).

Description Perennial herb, glabrous, with erect and striate stems up to 1–2.5 m. 
The basal leaves are long petiolate, 3 or 4 pinnate, with filiform terminal lobes. 
Small yellow flowers found in large flat compound umbels. Fruits 3–8 mm, ovoid, 
glabrous, with 10 ridges, and, like the whole plant, with anise scent.

Ecology and Distribution In dry, waste places, roadsides, and shrublands, on basic 
or acid soils, 0–1200 m. It flowers from June to November. Native to the Mediter-
ranean region, it has become naturalized in worldwide temperate areas.

Food Uses It has been widely employed in the Mediterranean countries, cited in 
Portugal (e.g. Carvalho 2010; Mendonça de Carvalho 2006), Spain (e.g. Parada 
et al. 2011; Tardío et al. 2006), France (Marco et al. 2003), Italy (e.g. Guarrera 
2006; Picchi and Pieroni 2005), Greece (e.g. Leonti et al. 2006; Zeghichi et al. 
2003), Croatia (Łuczaj et al. 2013b), Bosnia-Herzegovina (Redžić 2006), Cyprus 
(Della et al. 2006), Turkey (Dogan 2012; Ertuğ 2014), Lebanon (Batal and Hunter 
2007; Marouf 2005), Palestine (Ali-Shtayeh et al. 2008), Jordan (Al-Qura’n 2010; 
Tukan et al. 1998), Egypt (Hadjichambis et al. 2008), Tunisia (Le Floc’h 1983), and 
Morocco (Nassif and Tanji 2013). It is a very versatile species which has been used 
as vegetable, for seasoning and food preservation, and as herbal tea. Both the veg-
etative aerial parts and the fruits are aromatic and have food uses. It is commonly 
marketed (Łuczaj et al. 2013b; Picchi and Pieroni 2005).
Its tender leaves and stems are collected in spring and eaten raw, sometimes only 
chewed and sucked as a snack, or in salads (e.g. Al-Qura’n 2010; Guarrera 2006; 
Nassif and Tanji 2013; Tardío et al. 2006), It is also cooked in several dishes, either 
with meat (Nassif and Tanji 2013), boiled and seasoned with oil and lemon (Della 
et al. 2006; Picchi and Pieroni 2005; Zeghichi et al. 2003), cooked with rice and 
other vegetables (Hadjichambis et al. 2008), or in soups (e.g. Ali-Shtayeh et al. 
2008; Picchi and Pieroni 2005; Tardío et al. 2006), and also in omelettes, tomato 
sauces, pasta (Picchi and Pieroni 2005), and couscous (Le Floc’h 1983), sometimes 
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mixed with other wild vegetables (Hadjichambis et al. 2008; Tardío 2010). In Por-
tugal and Spain (Carvalho 2010; Pardo-de-Santayana 2008), its consumption as a 
stewed green vegetable seems to be more common among gypsy communities, as 
shown by the traditional Spanish recipe called olla gitana (gypsy pot). Due to its 
strong flavour, this wild vegetable is commonly employed as a condiment. For ex-
ample, the traditional Cyprus recipes called eliotes (olive pies), kolokotes (pumpkin 
pies) and spanakopites (spinach pies) are seasoned with its tender leaves and stems 
(Della et al. 2006), while in Palestine, the dried aerial parts are added to cakes (Ali-
Shtayeh et al. 2008).

The small fruits (popularly known as seeds), collected in summer or autumn, 
are used for seasoning soups, stews (e.g. Batal and Hunter 2007; Carvalho 2010; 
Hadjichambis et al. 2008; Lentini and Venza 2007), sausages or pork meat (Pic-
chi and Pieroni 2005), olives (Picchi and Pieroni 2005; Tardío et al. 2006), boiled 
chestnuts (Carvalho 2010; Hadjichambis et al. 2008; Parada 2008), figs (Mendonça 
de Carvalho 2006; Tardío et al. 2005) and as flavouring and stuffing for pies (Batal 
and Hunter 2007; Nassif and Tanji 2013). The fruits are boiled and added to bread in 
many countries (e.g. Ali-Shtayeh et al. 2008; Guarrera 2006; Le Floc’h 1983; Nas-
sif and Tanji 2013), and sometimes even the fresh leaves (Tukan et al. 1998). Both 
the vegetative parts and the fruits have been frequently employed with the double 
purpose of flavouring and food preservation in pickles (Della et al. 2006) and dried 
figs (Tardío et al. 2006).

In some countries, the fruits are used to prepare digestive liqueurs or herbal teas 
(Ali-Shtayeh et al. 2008; Carvalho 2010; Guarrera 2006; Tardío et al. 2006).

Other Uses The folk medicinal uses are also very popular in the Mediterranean 
region, being considered aperitive, refreshing, digestive, carminative, bechic, anti-
spasmodic, and sedative (e.g. Batal and Hunter 2007; Carvalho 2010; Guarrera 
2006; Le Floc’h 1983; Menendez-Baceta et al. 2014; Rivera et al. 2005; Vanzani 
et al. 2011), being widely employed for cold treatment, flatulence, and stomach 
disorders. Other applications include as diuretic (e.g. Guarrera 2006; Mendonça 
de Carvalho 2006), for weight loss (Batal and Hunter 2007), as galactogenous, 
decrease menstrual symptoms (e.g. Batal and Hunter 2007; Guarrera 2006), protect 
the liver (Carvalho 2010; Lentini and Venza 2007), treat kidney stones (Batal and 
Hunter 2007; Guarrera 2006), and so on. The mode of application is drinking the 
infusion of the aerial tender parts or fruits.

Historical References This aromatic plant is well known since antiquity, being 
already mentioned by Theophrastus in the third century BC (Teofrasto 1988). Its 
use as a condiment is cited in the Roman period (first century AD) by Pliny the 
Elder and Columella (Bostock and Riley 1855; Columela 1824), the second describ-
ing its use for seasoning olives and other food products prepared as pickles and 
brines. In the same century, Dioscorides mentioned its medicinal properties, many 
of them identical as those reported in recent ethnobotanical studies (Laguna 1555).

Food Composition Tables for raw tender leaves of Foeniculum vulgare (Tables 
13.50, 13.51 and 13.52).
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Table 13.50  Main constituents, per 100 g of fresh leaves of F. vulgare
Units Average Range References

Energy (calculated value) kcal 63 14–130 –
Moisture g 82.4 72.9–90.1 1, 2, 3, 4, 5, 6
Available carbohydrates g 9.67 1.40–22.4 2, 3, 6

 Total soluble sugars g 6.57 6.40–7.01 2
  Fructose mg 1510 1450–1570 2
  Glucose mg 4710 4560–4860 2
  Sucrose mg 350 290–410 2

Dietary fibre g 3.87 2.70–6.20 1, 2, 6
Proteins g 2.76 0.60–4.20 1, 2, 3, 6
Lipids g 0.42 0.08–0.80 1, 2, 3, 6, 7
Ash g 2.34 1.50–2.41 1, 2, 3, 6

 K mg 753 237–2774 6, 8, 9
 Na mg 89.6 35.2–138 2, 6, 8, 9, 10
 Ca mg 365 196–822 2, 6, 8, 9, 10
 Mg mg 85.0 30.4–331 2, 6, 8, 9, 10
 P mg 46.2 45.1–47.2 2, 8
 Fe mg 2.21 0.07–10.2 2, 6, 8, 9, 10
 Cu μg 255 10–577 6, 8, 9
 Mn μg 881 300–2090 6, 8, 9
 Zn μg 799 250–1840 2, 6, 8, 9, 10

1 Cowan et al. (1963) Lebanon, 2 Trichopoulou et al. (2000) Greece, 3 Barros et al. (2010c) 
Portugal, 4 Morales (2011) Spain (4 samples), 5 Sánchez-Mata et al. (2012) Spain (2 samples), 6 
García-Herrera (2014) Spain (4 samples), 7 Morales et al. (2012b) Spain (4 samples), 8 Zeghichi 
et al. (2003) Crete, 9 Özcan et al. (2008) Turkey, 10 Romojaro et al. (2013) Spain

Units Average Range References
Carotenoids

 β-carotene mg 1.19 – 1
 Lutein mg 3.66 – 1
 RAE (calculated value) μg 100 – –

Vitamin B9 (total folates) μg 271 255–286 2
Vitamin C mg 66.7 18–101 1, 3, 4

 Ascorbic acid mg 12.5 5.34–16.9 3, 4
 Dehydroascorbic acid mg 25.8 16.1–37.0 3, 4

Vitamin E
 α-tocopherol mg 1.66 0.63–4.21 1, 5, 6
 β-tocopherol mg 0.59 0.4–0.78 6
 γ-tocopherol mg 0.33 0.14–0.81 1, 6
 δ-tocopherol mg nd – 6

Vitamin K μg 239 – 1
Organic acids

 Oxalic acid mg 278 40–402 3, 4, 7
 Malic acid mg 366 13.5–1047 3, 4, 7
 Citric acid mg 146 4.66–387 3, 4, 7
 Fumaric acid mg 5.10 1.08–8.78 3, 4, 7

Table 13.51  Vitamins and other constituents, per 100 g of fresh leaves of F. vulgare
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Units Average Range References
 Shikimic acid mg ≈1.48 0.49–2.47 7
 Quinic acid mg ≈278 277–279 7

Phenolics (total) mg 133a 47.2–170 1, 5, 6
mg ≈195b 157–235 8,9

 Hydroxycinnamic acids mg 495b – 10
 Flavonoids mg 9.72c 9.02–10.4 6

mg ≈27.5b 27.1–27.9 8
mg 82.5d – 11

Nitrate mg 24.0 23.0–25.0 5
1 Vardavas et al. (2006b) Crete, 2 Morales et al. (2015) Spain (4 samples), 3 Morales (2011) Spain 
(4 samples), 4 Sánchez-Mata et al. (2012) Spain (2 samples), 5 Zeghichi et al. (2003) Crete, 6 
Morales et al. (2012a) Spain (4 samples), 7 Pereira et al. (2013) Portugal, 8 Conforti et al. (2009) 
Italy, 9 Conforti et al. (2011) Italy, 10 Vanzani et al. (2011) Italy (4 samples), 11 Trichopoulou et al. 
(2000) Greece RAE retinol activity equivalents; nd non-detected values
a  Expressed as gallic acid
b Expressed as chlorogenic acid
c Expressed as catechin
d Expressed as sum of individual compounds (myricetin and quercetin derivatives as major 
components)

Table 13.51 (continued)

Table 13.52  Fatty acids profile (% of total fatty acids) of fresh leaves of F. vulgare
Individual compounds Average Range References
12:0 0.14 0.07–0.23 1, 2
14:0 1.56 0.72–3.10 1, 2, 3
16:0 17.9 12.7–23.7 1, 2, 3
16:1 0.82 0.14–1.50 1, 2, 3
18:0 1.42 1.20–1.58 1, 2, 3
18:1n − 9 2.00 1.30–2.88 1, 2, 3
18:2n − 6 35.2 28.7–40.7 1, 2, 3
18:3n − 3 34.9 32.3–37.3 1, 2, 3
18:3n − 6 0.10 0.10–0.10 3
20:0 0.87 0.80–1.15 1, 2, 3
20:1n − 9 0.03 nd–0.12 1, 2, 3
22:0 1.10 0.99–1.14 1, 2, 3
24:0 1.13 0.64–1.50 1, 2, 3
24:1n − 9 0.30 – 3
Categories (calculated values)
SFA 29.4 22.9–32.9 –
MUFA 3.3 2.5–4.6 –
PUFA 67.3 63.1–74.6 –
n − 3 31.4 23.6–36.5 –
n − 6 35.9 30.2–39.5 –
n − 9 2.7 1.4–4.6 –

1 Barros et al. (2010c) Portugal, 2 Morales et al. (2012b) Spain (4 samples), 3 Vardavas et al. 
(2006a) Crete; nd non-detected values; SFA saturated fatty acids, MUFA monounsaturated fatty 
acids, PUFA polyunsaturated fatty acids
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Remarks (leaves of F. vulgare)

• High available carbohydrate content, compared to other vegetables.
• In some cases, it may be considered as a source of dietary fibre (> 3 g/100 g).
• Despite wide variability, it can be considered as a source of Ca, Mn, and 

vitamins C and B9 (folates); sometimes also a source of K, Mg, and vita-
min K.
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13.3.17 Humulus lupulus L. (Cannabaceae)

Common Names Hop, lúpulo (es, pt), houblon (fr), luppolo (it), hmelj (hr, bs), 
şerbetçiotu (tr), hachiche addinar (ar).

Description Perennial, climbing, and herbaceous plant up to 5–10 m long, which 
every spring sends up new twining shoots from a subterranean rhizome. The stems, 
with stout hooked hairs to aid grip, have opposite and palmate leaves with 3(5) 
lobes and serrate margins, both with a rough texture. It is dioecious, with unisexual 
flowers on separate plants. Male plants produce drooping panicles of small stami-
nate flowers, and female plants have pistillate flowers grouped in cone-like inflo-
rescences of 2.5–5 cm long, with yellow glands on the bracteoles of the cone. They 
produce a capsule with a single seed that is resinous and aromatic.

Ecology and Distribution It mostly grows in moist thickets, slopes, river banks, 
alluvial woods, and other moist and cool environments, often in sandy soils. Native 
to Europe and western Asia, cultivated in North and South America, Africa, Asia, 
and Australia, and naturalized in many areas or the world.

Food Uses Its young shoots or asparagus—approximately 20 cm long—are gath-
ered in spring. Its consumption has been documented in several Mediterranean 
countries, including Spain (Tardío et al. 2006), Italy (Ghirardini et al. 2007; Guar-
rera 2006; Hadjichambis et al. 2008; Picchi and Pieroni 2005; Pieroni 2001), Slo-
venia (Cerne 1992), Bosnia-Herzegovina (Redžić 2006), Turkey (Ertuğ 2014), and 
Morocco (Hadjichambis et al. 2008). The asparaguses are generally boiled and then 
fried in omelettes (Guarrera 2006; Hadjichambis et al. 2008; Tardío et al. 2005) 
and also used in soups (Cerne 1992; Guarrera 2006; Tardío et al. 2002), such as the 
acquacotta in the Italian city of Viterbo (Picchi and Pieroni 2005), and in stews with 
potatoes (Picchi and Pieroni 2005; Tardío et al. 2002). In northern and central Italy 
they are also prepared with pasta, risotto, or gnocchi, used to fill meatballs, crepes, 
and pies, such as the pasqualine in Piamonte, or just scalded and served with butter 
or olive oil and vinegar (Guarrera 2006; Picchi and Pieroni 2005). The sprouts are 
occasionally consumed raw, as recorded in Morocco (Hadjichambis et al. 2008) and 
Spain (Tardío et al. 2002).
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The female inflorescences, collected in August–September, are extensively used 
to aromatize beer (Guarrera 2006; Picchi and Pieroni 2005; Tardío et al. 2006), as 
well as in the preparation of some local spirits (Carvalho 2005; Parada et al. 2011), 
including the Italian grappa (Picchi and Pieroni 2005). Although nowadays it is 
widely cultivated for use in the brewing industry, in the past it was collected and 
sold to beer manufacturers, such as in some regions of northern Spain (Pardo-de-
Santayana 2003).

Other Uses The medicinal use of hop as sedative is extensively documented. 
The infusion of the female inflorescences is considered digestive and sedative, as 
recorded in Spain, Portugal, and Italy (Calvo et al. 2011; Carvalho 2005; Neves 
et al. 2009; Picchi and Pieroni 2005). They were also put inside pillows to sleep bet-
ter (Calvo et al. 2011) and used against headaches (Picchi and Pieroni 2005). The 
water obtained from boiling the roots was consumed to improve blood circulation 
in some Spanish regions (Velasco et al. 2010). Additionally, the alcoholic bever-
ages prepared with its flowers (spirits and beer) are considered anti-enuretic (Parada 
et al. 2011).

In ethnoveterinary, the external use of the aerial parts of hop was recorded in 
northern Spain to treat pig diseases (Akerreta et al. 2010).

Historical References The food use of this species by the Romans was mentioned 
by the naturalist Pliny the Elder in the first century (Bostock and Riley 1855). In the 
sixteenth century, the Spanish doctor Laguna (1555) reported the consumption of its 
young shoots in Castile, comparing it with the real asparagus. Other than mention-
ing some medicinal properties of the plant, he also pointed out that with its strongly 
scented flowers beer was prepared in Germany and Flanders.
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Food Composition Tables for young shoots of Humulus lupulus, raw (Tables 
13.53, 13.54 and 13.55) and boiled (Tables 13.56 and 13.57).

Table 13.53  Main constituents, per 100 g of fresh young shoots of H. lupulus
Units Average Range References

Energy (calculated value) kcal 39 29–55 –
Moisture g 85.8 85.2–93.2 1, 2, 3
Available carbohydrates g 1.85 1.40–2.20 3
Dietary fibre g 4.85 4.35–6.42 3
Proteins g 4.25 3.13–5.10 3
Lipids g 0.37 0.10–1.08 3, 4
Ash g 1.35 0.90–2.01 3

 K mg 469 314–675 3
 Na mg 43.5 25.3–65.8 3
 Ca mg 73.5 50.3–134 3
 Mg mg 32.5 27.6–48.2 3
 Fe mg 0.74 0.37–1.32 3
 Cu μg 140 100–170 3
 Mn μg 306 100–550 3
 Zn μg 975 710–1510 3

1 Morales (2011) Spain (5 samples), 2 Sánchez-Mata et al. (2012) Spain (2 samples), 3 García-
Herrera (2014) Spain (5 samples), 4 Morales et al. (2012b) Spain (4 samples)

Units Average Range References
Carotenoids

 β-carotene mg 0.37 0.16–1.26 1
 Lutein mg 0.55 0.19–1.72 1
 Neoxanthin mg 0.73 0.13–1.57 1
 Violaxanthin mg 0.21 0.04–0.67 1
 RAE (calculated value) μg 30.8 13.0–105 –

Vitamin B9 (total folates) μg 144 108–179 2
Vitamin C mg 51.5 28.6–61.1 3, 4

 Ascorbic acid mg 30.2 11.6–37.4 3, 4
 Dehydroascorbic acid mg 23.2 12.8–33.7 3, 4

Vitamin E
 α-tocopherol mg 4.51 4.05–4.97 5
 β-tocopherol mg 0.24 0.22–0.26 5
 γ-tocopherol mg 8.98 8.95–9.01 5
 δ-tocopherol mg 0.69 0.68–0.70 5

Organic acids
 Oxalic acid mg 92.6 50.8–190 3, 4
 Glutamic acid mg nd – 3
 Malic acid mg 619 216–1040 3, 4
 Citric acid mg 83.8 nd–170 3, 4

Table 13.54  Vitamins and other constituents, per 100 g of fresh young shoots of H. lupulusTable 13.54  Vitamins and other constituents, per 100 g of fresh young shoots of H. lupulus
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Units Average Range References
 Fumaric acid mg traces – 3, 4
 Succinic acid mg nd – 3

Phenolics (total) mg 55.8a 54.5–57.1 5
 Flavonoids mg 9.56b 8.91–10.21 5

1 García-Herrera et al. (2013) Spain (4 samples), 2 Morales et al. (2015) Spain (4 samples), 3 
Morales (2011) Spain (5 samples), 4 Sánchez-Mata et al. (2012) Spain (2 samples), 5 Morales 
et al. (2012a) Spain (4 samples)
RAE retinol activity equivalents; nd non-detected values
a  Expressed as gallic acid
b Expressed as catechin

Table 13.54 (continued)

Table 13.55  Fatty acids profile (% of total fatty acids) of fresh young shoots of H. lupulus
Individual compounds Average Range References
12:0 0.05 0.04–0.06 1
14:0 0.49 0.46–0.52 1
16:0 19.5 18.9–20.1 1
16:1 0.46 0.45–0.47 1
18:0 1.60 1.55–1.65 1
18:1n − 9 1.88 1.78–1.98 1
18:2n − 6 29.7 28.9–30.6 1
18:3n − 3 38.2 38.1–38.2 1
18:3n − 6 0.36 0.35–0.37 1
20:0 2.34 2.19–2.49 1
20:1 0.13 0.12–0.14 1
22:0 2.86 2.63–3.09 1
24:0 0.89 0.35–1.43 1
Categories (calculated values)
SFA 28.2 27.3–29.0 –
MUFA 2.5 2.5–2.6 –
PUFA 69.3 68.4–70.3 –
n − 3 39.2 38.2–40.1 –
n − 6 30.5 30.5–30.6 –
n − 9 2.0 2.0–2.1 –

1 Morales et al. (2012b) Spain (4 samples); nd non-detected values
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (young shoots of H. lupulus)

• Source of dietary fibre (> 3 g/100 g).
• High protein content compared to other wild plants.
• High levels of malic acid, as major organic acid.
• Low Na content (< 120 mg/100 g). It can be considered as a source of K, 

Mn and vitamins C, E, and B9 (folates).
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Remarks (boiled young shoots of H. lupulus)

• Very low lipid content (< 0.5 g/100 g), very low energy value 
(< 25 kcal/100 g), and still good source of dietary fibre and vitamins B9 
and C after boiling.

• Oxalic acid levels reduce after boiling. Very low Na content (< 40 mg/100 g).

Table 13.56  Main constituents, per 100 g of boiled young shoots of H. lupulus
Units Average Range References

Energy (calculated value) kcal 21 20–22 –
Moisture g 90.7 90.5–90.9 1, 2
Available carbohydrates g 1.90 1.7–2.1 2
Dietary fibre g 3.80 3.8–3.8 2
Proteins g 0.60 0.6–0.6 2
Lipids g 0.15 0.14–0.16 2
Ash g 0.70 0.70–0.70 2

 K mg 171 156–186 2
 Na mg 7.10 6.40–7.80 2
 Ca mg 40.4 34.8–45.9 2
 Mg mg 17.0 16.4–17.6 2
 Fe mg 0.57 0.50–0.60 2
 Cu μg 80 80–80 2
 Mn μg 180 160–200 2
 Zn μg 400 380–420 2

1 Morales (2011) Spain (5 samples), 2 García-Herrera (2014) Spain (5 samples)

Table 13.57  Vitamins and other constituents, per 100 g of boiled young shoots of H. lupulus
Units Average Range References

Vitamin B9 (total folates) μg 101 90.0–112 1
Vitamin C mg 17.4 16.6–18.9 1

 Ascorbic acid mg 11.3 10.8–11.8 1
 Dehydroascorbic acid mg 5.56 5.37–5.75 1

Organic acids
 Oxalic acid mg 80 80–80 1
 Glutamic acid mg nd – 1
 Malic acid mg 470 450–490 1
 Citric acid mg 120 90–150 1
 Fumaric acid mg traces – 1

1 Morales (2011) Spain (5 samples); nd non-detected values
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13.3.18 Malva sylvestris L. (Malvaceae)

Common Names Common mallow, malva (pt, es), mauve (fr), malva selvatica (it), 
sljez (bs, hr), molocha (el), ebegümeci (tr), khubbayzeh (ar).

Description Biennial or perennial herb, up to 1.5 m, with erect or decumbent stems, 
whose long petiolate leaves are 5–10 cm, roundish, with 3–7 lobes, usually slightly 
dentate. The flowers are purple, with 5 dark-veined petals. Stamens numerous with 
their filaments joined surrounding the ovary and styles. The fruit is a rounded and 
reticulate schizocarp with 10–12 mericarps, brownish when ripe.

Ecology and Distribution This nitrophilous plant grows in waste grounds and 
roadsides, at altitudes of up to 1500 m. It flowers usually from January to October. 
It lives in almost all of Europe, the Mediterranean region, and the Macaronesian 
Islands; also introduced in North and Middle America, Asia, and Australia.

Food Uses This species has been widely consumed in the Mediterranean region, as 
recorded in Portugal (Mendonça de Carvalho 2006), Spain (e.g. Parada et al. 2011; 
Tardío et al. 2006; Velasco et al. 2010), Italy (e.g. Ghirardini et al. 2007; Guar-
rera 2006; Picchi and Pieroni 2005), Slovenia (Cerne 1992), Croatia (Łuczaj et al. 
2013a), Bosnia-Herzegovina (Redžić 2006), Greece (Hadjichambis et al. 2008), 
Cyprus (Della et al. 2006), Turkey (Dogan 2012; Ertuğ 2014), Lebanon (Batal and 
Hunter 2007; Marouf 2005), Palestine (Ali-Shtayeh et al. 2000), Jordan (Al-Qura’n 
2010), Egypt (Hadjichambis et al. 2008), Tunisia (Le Floc’h 1983), and Morocco 
(Nassif and Tanji 2013; Tanji and Nassif 1995).

The tender leaves and stems are gathered in spring, although the collection can 
be prolonged until summer in shady places with water (Marouf 2005). They are 
mainly eaten boiled (e.g. Al-Qura’n 2010; Della et al. 2006; Hadjichambis et al. 
2008; Le Floc’h 1983; Łuczaj et al. 2013a; Parada et al. 2011; Picchi and Pieroni 
2005) and then seasoned with oil (Lentini and Venza 2007), cooked with rice and 
meat stews (Hadjichambis et al. 2008; Marouf 2005), in soups (e.g. Batal and Hunt-
er 2007; Cerne 1992; Della et al. 2006; Dogan 2012; Guarrera 2006; Hadjicham-
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bis et al. 2008), with legumes (Marouf 2005; Mendonça de Carvalho 2006), fried 
or sautéed in olive oil and served with other ingredients (Ali-Shtayeh et al. 2008; 
Della et al. 2006; Dogan 2012; Hadjichambis et al. 2008; Marouf 2005), and used 
as stuffing for pies (Dogan 2012; Picchi and Pieroni 2005). They can also be eaten 
raw in salads (e.g. Marouf 2005; Parada et al. 2011; Picchi and Pieroni 2005). Some 
examples of traditional recipes with mallow leaves are the Lebanese khubbayzeh 
and labneh (strained yogurt), the Cyprian soup called molochosoupa (Hadjichambis 
et al. 2008), or the Moroccan beqoula, a dish prepared chiefly using species of the 
genus Malva (Nassif and Tanji 2013).

The immature fruits are collected in early summer and eaten raw as a pastime 
during country walks, especially by children (e.g. Lentini and Venza 2007; Men-
donça de Carvalho 2006; Parada et al. 2011; Tardío et al. 2005). They are called 
panuzzi du Signuri in Sicily (Lentini and Venza 2007) and pan y quesito in Spain 
(Aceituno-Mata 2010; Tardío et al. 2006), after their bread-like form.

Additionally, the flowers are used to prepare herbal teas and alcoholic bever-
ages, such as ratafia, a liqueur traditionally elaborated in Catalonia (NE Spain) that 
includes many wild species (Bonet and Vallès 2002; Rigat et al. 2009).

The mallow is one of the most frequently gathered wild edible plants in countries 
such as Lebanon (Marouf 2005), Turkey (Dogan 2012), and Bosnia-Herzegovina 
(Redžić 2006), and it can be found in some local markets in Italy (Picchi and Pieroni 
2005) and Morocco (Tanji and Nassif 1995).

Other Uses It is one of the medicinal plants most widely used in the Mediterranean 
popular phytotherapy. The leaves, flowers, and even the roots were employed, both 
in internal and external use, for a wide range of diseases, such as digestive problems 
(constipation, diarrhoea, stomach ache), respiratory (cough, sore throat), circula-
tory (anaemia), skin (acne, boils), and excretory system ailments (e.g. Batal and 
Hunter 2007; Bonet and Vallès 2002; Guarrera 2006; Le Floc’h 1983; Marouf 2005; 
Menendez-Baceta et al. 2014; Picchi and Pieroni 2005; Redžić 2006; Rigat et al. 
2009). Since one of the ways of administration is its consumption as a vegetable, it 
is often considered a medicinal food (Tardío 2010).

It also has been used in ethnoveterinary (Guarrera 2006; Mendonça de Carvalho 
2006) and animal feed (Guarrera 2006; Latorre 2009).

Historical References This species was already mentioned by Theophrastus in the 
third century BC among the wild vegetables that need to be cooked before being 
consumed (Teofrasto 1988). Dioscorides mentioned a domestic mallow that is bet-
ter to be eaten than the wild one, referring to also the several medicinal properties, 
especially for the digestive system and in external use for different skin problems 
(Laguna 1555). In the opinion of Pliny the Elder both kinds of mallows are held 
in very general esteem (Bostock and Riley 1855). The cultivated mallow was also 
mentioned in Arabic references, such as that of Ibn al-Awwam, a Spanish Arab agri-
culturalist of the later twelfth century, who cited that this plant is more nutritious 
and more blood productive than all other vegetables (Cubero 2001).

Food Composition Tables for raw tender leaves of Malva sylvestris (Tables 13.58, 
13.59 and 13.60).
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Table 13.58  Main constituents, per 100 g of fresh tender leaves of M. sylvestris
Units Average Range References

Energy (calculated value) kcal 35 23–50 –
Moisture g 81.0 75.7–86.9 1, 2, 3, 4, 5, 6
Available carbohydrates g 2.23 1.93–2.44 2

 Soluble sugars (total) g 0.72 – 7
  Fructose mg 248 – 7
  Glucose mg 292 – 7
  Sucrose mg 177 – 7

Dietary fibre g 4.76 4.18–5.34 2
Proteins g 3.00 0.83–5.70 2, 5, 6
Lipids g 0.56 0.40–0.76 2, 6
Ash g 3.21 2.32–5.44 2, 3, 4, 6

 K mg 692 547–836 3, 4, 8
 Na mg 106 68.0–134 3, 4, 8
 Ca mg 226 122–361 3, 4, 8, 9
 P mg 77.1 60.0–110 3, 5
 Mg mg 283 20.9–368 3, 4, 8, 9
 Fe mg 3.61 0.76–6.29 3, 8, 9
 Cu μg 208 100–330 3, 9
 Mn μg 498 203–760 3, 9
 Zn μg 1580 38–2665 3, 8, 9

1 Guil-Gerrero et al. (1997a) Spain (5 samples), 2 Guil-Guerrero et al. (1997b) Spain (5 samples), 
3 Guil-Gerrero et al. (1999a), Spain (5 samples), 4 Bianco et al. (1998) Italy (2 samples), 5 Özbu-
cak et al. (2007) Turkey, 6 Barros et al. (2010a) Portugal, 7 Souci et al. (2008) unknown origin, 8 
Romojaro et al. (2013) Spain, 9 Hiçsomenez et al. (2009) Turkey (15 samples)

Table 13.59  Vitamins and other constituents, per 100 g of fresh leaves of M. sylvestris
Units Average Range References

Carotenoids mg 4.33a 0.83–10.1 1, 2
Vitamin C mg 133 72.0–178 1, 3

 Ascorbic acid mg 84.5 Traces–171 1, 2, 3
 Dehydroascorbic acid mg 7.50 5.00–11.0 1, 3

Vitamin E
 α-tocopherol mg ≈20.1 19.6–20.6 2
 β-tocopherol mg ≈0.36 0.35–0.37 2
 γ-tocopherol mg ≈4.80 4.56–5.04 2
 δ-tocopherol mg ≈0.31 0.30–0.32 2

Organic acids
 Oxalic acid mg 118 7.00–284 1, 4

Phenolics (total) mg ≈1692b 1659–1733 2
 Flavonoids mg ≈925c 890–960 2

Nitrate mg 87.6 84.8–106 1, 4
1 Guil-Guerrero et al. (1997a) Spain (5 samples), 2 Barros et al. (2010a) Portugal, 3 Franke and 
Kensbock (1981), Germany, 4 Bianco et al. (1998) Italy (2 samples)
a  Expressed as β-carotene
b Expressed as gallic acid
c Expressed as catechin
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Table 13.60  Fatty acids profile (% of total fatty acids) of fresh tender leaves of M. sylvestris
Individual compounds Average Range References
12:0 0.09 0.08–0.10 1
14:0 0.62 0.44–0.77 1, 2
16:0 12.7 8.72–15.6 1, 2
16:1 2.03 1.99–2.07 1, 2
18:0 1.64 1.15–2.07 1, 2
18:1n − 7 1.14 – 2
18:1n − 9 1.73 – 2
18:2n − 6 11.2 10.4–12.4 1, 2
18:3n − 3 67.8 66.8–68.7 1
18:3n − 6 0.50 – 2
18:4n − 3 0.29 – 2
20:0 0.78 0.50–1.04 1, 2
20:1n − 9 0.02 nd–0.04 1, 2
22:0 0.37 nd–0.83 1, 2
22:1 1.91 – 2
24:0 2.79 0.74–4.84 1, 2
Categories (calculated values)
SFA 17.9 12–25.7 –
MUFA 6.4 5.3–7.4 –
PUFA 75.5 73.2–81.1 –
n − 3 64.5 60.8–68.7 –
n − 6 11.1 10.5–12.6 –
n − 9 4.4 3.4–5.2 –

1 Barros et al. (2010a) Portugal, 2 Guil-Guerrero et al. (1996b) Spain (various samples); nd non-
detected values
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (tender leaves of M. sylvestris)

• Source of dietary fibre (> 3 g/100 g).
• High proportion of PUFA and n − 3 fatty acids
• Good n − 3/n − 6 ratio (> 5).
• High ash level. Despite wide variability, it can be considered as a source of 

Ca, K and vitamins C and E; sometimes also a source of Mg, Fe, Cu, Mn, 
and Zn.

• Low oxalic acid/Ca ratio.
• Very high phenolics levels compared to other vegetables.
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13.3.19 Montia fontana L. (Montiaceae)

Common Names Water-blinks, merujas (pt), borujas (es), montie des fontaines 
(fr), cetonchiello (it).

Description Annual or perennial, glabrous and fleshy herb with thin and branching 
stems up to 50 cm or more when it grows in water and shorter when it appears in 
land. Small, opposite, and spatulate leaves (3–20 mm). Inconspicuous flowers of 
2 mm in terminal cymes, with 3 sepals, 5 white petals, 3 stamens and 3 ovules. The 
fruit is a globose capsule, dehiscent by 3 valves and usually with 3 black, reticu-
lated, and reniform seeds.

Ecology and Distribution It grows in clumps in damp places, frequently in water, 
in springs, streams, wet places among rocks, and moist pastures, especially on non-
calcareous soils. It can be found in many temperate regions throughout the world 
including some European areas, but it is rare in East and South Europe.

Food Uses The young and tender stems and leaves of this plant are traditionally 
consumed raw in salads in the regions of the Iberian Peninsula where it grows. There 
are many modern ethnobotanical references from western and central Spain that 
report its current consumption (e.g. Criado et al. 2008; González et al. 2011a; Tardío 
et al. 2006). Ethnobotanical studies in the north of Portugal have also recorded the 
same use (Alves Ribeiro et al. 2000; Carvalho 2010). It is one of the most valued 
wild vegetables in these regions, especially in the Spanish province of Salamanca 
(e.g. González et al. 2011a; Velasco et al. 2010). A recent ethnobotanical study in 
the north of Madrid (Aceituno-Mata 2010) found that Montia fontana was one of 
the most important wild vegetables and still consumed by 64 % of the informants 
that cited its use, higher than that of other salad wild vegetables. Despite being 
worldwide distributed and mentioned in some comprehensive references (Couplan 
1989b; PFAF 2014), we only have found another clear ethnobotanical reference 
(besides Iberian ones) about its traditional use at the end of the nineteenth century 
in Central Europe (Jage 1979). Following this author, water-blinks were sold in 
markets as a salad vegetable, especially in winter. Interestingly its use is revealed by 
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several German folk names registered in Central Europe ( Flachssalat, Winzerlsalat, 
Schnippchensalat).

Water-blinks are always eaten raw in salads after being meticulously cleaned. These 
salads are prepared by dressing the plants with salt, vinegar, and olive oil. Other 
ingredients, such as garlic, olives, preserved tomatoes, dry pepper, paprika, hard-
boiled eggs, and tuna were sometimes added. It is consumed even nowadays, being 
still possible to find it in some greengrocers and even in some restaurants (Tardío 
et al. 2011).

The plants must be harvested before the flowering period, prior to their nice 
flavour turn bitter (Díaz-Fernández et al. 2008; PFAF 2014), but they must reach 
enough size to be collected. If scarcely developed, they carry a lot of mud when they 
are cut and then it takes a long time to clean them (Tardío et al. 2002). Therefore, 
in Spain they are collected from winter, in the milder areas, such as many places of 
Extremadura (Blanco and Cuadrado 2000), to spring, in the more continental areas, 
such as those of the regions of Madrid and Castile and Leon (e.g. Díaz-Fernández 
et al. 2008). Some informants report that plants collected in highlands are better 
than those from the lowlands as they are smaller but tastier (Blanco 1998).

Other Uses Regarding its ethnopharmacological use in the Mediterranean region, 
we only could find one reference in Montesinho, NE Portugal (Carvalho 2010). A 
very hot poultice of the plant fried in olive oil is applied over the bladder as a diuretic 
to treat difficulty urinating and pain caused by cystitis. Other external medicinal use 
has also been described in Scotland (Allen and Hatfield 2004). The heated plant was 
placed on the affected area to treat suppurating sores and rheumatism.

Historical References Apart from the above reference of Jage (1979), mentioning 
the traditional use of this plant in Central Europe at the end of the nineteenth cen-
tury, we have not found another historical reference.

Food Composition Tables for raw tender leaves and stems of Montia fontana 
(Tables 13.61, 13.62 and 13.63).
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Table 13.61  Main constituents, per 100 g of fresh young leaves and stems of M. fontana
Units Average Range References

Energy (calculated value) kcal 36 17–50 –
Moisture g 93.3 90.3–95.9 1, 2, 3
Available carbohydrates g 2.54 1.26–3.28 1, 2

 Soluble sugars (total) g 0.14 0.12–0.15 1
  Fructose mg 36.3 35.1–40.0 1
  Glucose mg 48.5 47.0–49.2 1
  Sucrose mg 21.3 19.4–23.1 1
  Trehalose mg 18.1 15.5–21.0 1
  Rafinose mg 13.0 10.0–16.0 1

Dietary fibre g 4.44 4.10–4.78 2
Proteins g 1.20 0.64–1.90 1, 2
Lipids g 1.33 0.13–2.07 1, 2, 3
Ash g 0.92 0.72–1.26 1, 2

 K mg 385 304–407 2
 Na mg 90.7 86.3–95.0 2
 Ca mg 31.4 26.0–36.8 2
 Mg mg 31.7 27.9–35.4 2
Fe mg 1.30 1.04–1.56 2
 Cu μg 50.0 40.5–60.0 2
 Mn μg 1070 800–1340 2
 Zn μg 380 310–450 2

1 Pereira et al. (2011) Portugal, 2 Tardío et al. (2011) Spain (5 samples), 3 Morales et al. (2012b) 
Spain (5 samples)

Units Average Range References
Carotenoids
 β-carotene mg 0.18a 0.17–0.19 1
 RAE (calculated value) μg 15.3 14.0–16.5 –

Vitamin B9 (total folates) μg 41.8 41.6–41.9 2
Vitamin C mg 34.3 28.9–39.7 1, 3

 Ascorbic acid mg 28.9 21.9–37.0 3
 Dehydroascorbic acid mg 9.19 5.29–13.10 3

Vitamin E
 α-tocopherol mg 4.5 2.90–6.08 1, 4
 β-tocopherol mg 0.18 0.11–0.25 1, 4
 γ-tocopherol mg 0.99 0.51–1.41 1, 4

Organic acids
 Oxalic acid mg 388 40–990 5, 6
 Glutamic acid mg nd – 5, 6
 Quinic acid mg 65.8 54.8–76.8 5, 6
 Malic acid mg 36.5 nd–140 5, 6
 Citric acid mg 85.3 nd–148 5, 6
 Fumaric acid mg nd – 5, 6
 Succinic acid mg Traces – 5, 6

Phenolics (total) mg 75.5b 68.4–82.5 4

Table 13.62  Vitamins and other constituents, per 100 g of fresh young leaves and stems of M. 
fontana
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Table 13.63  Fatty acids profile (% of total fatty acids) of young leaves and stems of M. fontana
Individual compounds Average Range References
12:0 0.18 0.11–0.25 1, 2
14:0 0.51 0.43–0.74 1, 2
16:0 14.3 10.3–18.3 1, 2
16:1 0.24 0.27–0.39 1, 2
18:0 0.54 0.07–1.03 1,2
18:1n − 9 4.21 1.99–6.47 1, 2
18:2n − 6 18.5 17.8–19.2 1, 2
18:3n − 3 51.6 47.4–56.4 1, 2
18:3n − 6 0.04 0.04–0.04 1
20:0 10.7 7.73–12.2 1, 2
20:1n − 9 0.15 0.04–0.31 1, 2
22:0 1.01 0.46–1.86 1, 2
22:1n − 9 0.42 0.11–0.68 1, 2
24:0 0.41 0.18–0.64 1, 2
24:1n − 9 0.01 0.01–0.01 1
Categories (calculated values)
SFA 26.1 22.2–29.3 –
MUFA 5.3 3.3–7.3 –
PUFA 68.2 63.2–74.5 –
n − 3 50.2 49.0–56.6 –
n − 6 18.0 17.0–19.1 –
n − 9 4.9 2.9–6.9 –

1 Pereira et al. (2011) Portugal, 2 Morales et al. (2012b) Spain (5 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (young leaves and stems of M. fontana)

•  High moisture content and low energy value (< 40 kcal/100 g).
•  Source of dietary fibre (> 3 g/100 g).
•  High  lipid  content.  It  is  among  the  highest  n − 3  fatty  acids  content, 
compared  to  other  wild  vegetables  (estimated  value  around  0.56  g 
18:3n − 3/100 g edible portion).

•  Low Na content (< 120 mg/100 g); it can be also considered as a source of 
K, vitamins C, E, and B9 (folates), standing out Mn content.

•  High content of oxalates in some samples: People with altered renal func-
tion should avoid this vegetable.

Units Average Range References
 Flavonoids mg 16.7c 16.0–17.3 4

1 Pereira et al. (2011) Portugal, 2 Morales et al. (2015) Spain (5 samples), 3 Tardío et al. (2011) 
Spain (5 samples), 4 Morales et al. (2012a), Spain (5 samples), 5 Morales (2011) Spain (5 samples), 
6 Pereira et al. (2013) Portugal 
RAE retinol activity equivalents, nd non-detected values
a  Expressed as β-carotene
b  Expressed as gallic acid
c  Expressed as catechin

Table 13.62 (continued)



J. Tardío et al.370

13.3.20 Myrtus communis L. (Myrtaceae)

Common Names Myrtle, murta (pt), mirto (pt, es, it), myrte (fr), mrča (bs), myrs-
sini, (el), mersin (tr), rayhan (ar).

Description Shrub, up to 5 m, erect, much-branched, having glandular-hairy twigs 
when young. The leaves are coriaceous with aromatic oil glands, ovate-lanceolate, 
acute, and usually opposite. The scented white flowers are solitary in the leaf axils, 
with 5 sepals and petals, and numerous stamens. The fruits are round berries, usu-
ally blue-black when ripe, in autumn.

Ecology and Distribution It grows in Mediterranean woodlands and shrublands, 
in south of Europe, north of Africa, and west Asia, up to 1000 m.

Food Uses This aromatic plant has been widely used in the Mediterranean, at least 
in Portugal (Mendonça de Carvalho 2006), Spain (Blanco and Cuadrado 2000; 
Carrió 2013; Cobo and Tijera 2011; Moll 2005; Pellicer 2001; Triano et al. 1998; 
Velasco et al. 1998), France (Couplan 1989b), Italy (Guarrera 2006; Hadjichambis 
et al. 2008; Lentini and Venza 2007), Bosnia-Herzegovina (Redžić 2006), Greece 
(Hadjichambis et al. 2008), Cyprus (Hadjichambis et al. 2008), Turkey (Dogan et al. 
2004; Ertuğ 2014), Palestine (Ali-Shtayeh et al. 2008), and Morocco (Hadjichambis 
et al. 2008; Nassif and Tanji 2013). Almost all the references mentioned the raw 
consumption of the ripe fruits, being sometimes even sold in local markets (Ertuğ 
2004). They are also used to prepare jam and marmalade (Hadjichambis et al. 2008; 
Lentini and Venza 2007).

Myrtle has also been traditionally used for elaborating digestive wines or li-
queurs (Carrió 2013; Couplan 1989b; Font Quer 1962; Guarrera 2006; Hadjicham-
bis et al. 2008; Mendonça de Carvalho 2006). The liqueur is elaborated by macerat-
ing the berries (and sometimes also the leaves) in liquor or alcohol for 2 months and 
adding a sugar solution (Carrió 2013). It is very popular in the islands of Corsica 
and Sardinia, where it is known as myrte or mirto (Barboni et al. 2010; Montoro 
et al. 2006). Other non-alcoholic beverages, such as herbal teas, have also been 
made with this plant (Ali-Shtayeh et al. 2008; Moll 2005; Nassif and Tanji 2013).
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The leaves (Ali-Shtayeh et al. 2008), the flowering buds (Redžić 2006) and the 
sweet flavoured flowers (Lentini and Venza 2007) are consumed raw in salads in 
Palestine, Bosnia-Herzegovina, and Sicily, respectively.

Different aromatic parts of the plant, especially the leaves and the fruits, are used 
as highly valued condiments in the Mediterranean kitchen (e.g. Ali-Shtayeh et al. 
2008; Hadjichambis et al. 2008; Nassif and Tanji 2013), to flavour grilled meats 
(Guarrera 2006) or to season olives in brine (Cobo and Tijera 2011; Galán 1993; 
Lentini and Venza 2007; Triano et al. 1998). In the latter case, some people men-
tion its double role as condiment and preservative for avoiding the olives to soften 
(Molina 2001).

Other Uses Different parts of the plant have been used as medicine, mainly to treat 
digestive (Carrió 2013; Guarrera 2006; Moll 2005) and respiratory diseases (Carrió 
2013; Guarrera 2006; Pellicer 2001; Redžić 2006) or in external use as anti-inflam-
matory and to treat skin diseases (Carrió 2013; Guarrera 2006; Pellicer 2001). The 
raw consumption of the fruit is popularly considered good against diarrhoea and a 
vitamin-rich tonic (Carrió 2013; Guarrera 2006).

The essential oil from the leaves, flowers, and bark is used in the elaboration 
of different cosmetics (Carrió 2013; Guarrera 2006), such as the traditional aigua 
de murta (myrtle water), made in the Balearic Islands and used as a perfume and a 
rejuvenating tonic for the skin.

Among other uses, myrtle has been used as an ornamental plant, both in gardens 
and in different ritual and religious ceremonies (Carrió 2013; Galán 1993; Guarrera 
2006).

Historical References This plant was well known and cultivated since antiquity, 
occupying a prominent place in the writings of Greek, Roman, and Arabian writers 
(Sumbul et al. 2011). Following these authors, its ceremonial use was mentioned in 
the Bible (Nehemiah 8:15) and its medicinal properties cited by Hippocrates (both, 
c. fifth century BC). Theophrastus mentioned it among the cultivated plants, giving 
advices about its cultivation and describing its morphological characteristics, its 
fragrance, and its use in the confection of garlands (Teofrasto 1988). Dioscorides 
also mentioned a myriad of medicinal applications of myrtle (Osbaldeston 2000), 
explaining, for example, how to prepare myrtle oil with the leaves for treating dif-
ferent skin diseases and how to elaborate myrtle wine with the fruits for digestive 
problems. Interestingly many of these remedies have been registered in recent eth-
nobotanical surveys.

Alonso de Herrera (1513), a Spanish author of the sixteenth century, mentioned 
the use of myrtle as a condiment, besides treating how to cultivate it and describing 
some of the medicinal properties already mentioned by Dioscorides.

Food Composition Tables for raw fruits of Myrtus communis (Tables 13.64, 13.65 
and 13.66).
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Table 13.64  Main constituents, per 100 g of fresh fruits of M. communis
Units Average Range References

Energy (calculated value) kcal 89 80–107 –
Moisture g 70.3 61.7–75.7 1, 2, 3, 4, 5
Available carbohydrates g 7.88 7.50–8.26 3

 Reducing sugars g 7.56 6.69–8.64 1, 3
Dietary fibre g 17.4 – 1
Proteins g 2.55 1.66–4.17 1, 5
Lipids g 1.31 0.87–2.37 1, 2, 4, 5
Ash g 0.68 0.60–0.73 1, 5

 K mg 514 478–549.9 5
 Na mg 79.3 77.7–81.0 5
 Ca mg 142 122–163.2 5
 Mg mg 44.4 36.8–52.1 5
 Fe mg 2.08 1.60–2.56 5
 Cu μg 279 248–310 5
 Mn μg 872 723–1021 5
 Zn μg 1008 962–1053 5

1 Aydın and Ozcan (2007) Turkey, 2 Wannes et al. (2009) Tunisia, 3 Fadda and Mulas (2010) Italy 
(20 samples), 4 Wannes et al. (2010) Tunisia, 5 Hacıseferoğulları et al. (2012) Turkey (2 samples)

Table 13.65  Other constituents, per 100 g of fresh fruits of M. communis
Units Average Range References

Organic acids
 Malic acid mg 60 40–70 1
 Citric acid mg 229 191–268 1
 Tartaric acid mg 0.07 0.07–0.08 1

Total phenolics mg ≈1201a 531–2411 2, 3
 Phenolic acids mg ≈29.1a 14.4–60.1 2
 Flavonols mg ≈298a 114–577 2
 Flavanols mg ≈251a 115–548 2

1 Hacıseferoğulları et al. (2012) Turkey (2 samples), 2 Barboni et al. (2010) France (10 samples), 
3 Serio et al. (2014) Italy
a  Expressed as sum of individual compounds (myricetin derivatives as major components)
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Table 13.66  Fatty acids profile (% of total fatty acids) of fresh fruits of M. communis
Individual compounds Average Range References
12:0 1.46 0.36–4.30 1, 2, 3
14:0 1.08 0.35–3.00 1, 2, 3
16:0 13.4 10.2–15.7 1, 2, 3, 4
16:1 0.36 0.30–0.53 1, 2, 3
18:0 4.12 2.20–8.19 1, 2, 3, 4
18:1n − 9 32.0 6.49–72.1 1, 2, 3, 4
18:2n − 6 43.3 1.70–71.3 1, 2, 3, 4
18:3n − 3 3.75 3.25–4.70 2, 3
20:0 0.64 0.4–1.04 2, 3, 4
20:1n − 9 0.45 0.2–0.93 2, 3, 4
20:2 0.01 – 4
22:0 0.31 – 4
24:0 0.01 – 4
Categories (calculated values)
SFA 21.0 17.9–53.6 –
MUFA 32.5 27.1–40.4 –
PUFA 46.2 19.2–47.1 –
n − 3 4.7 3.7–12.6 –
n − 6 41.4 6.6–43.3 –
n − 9 32.2 26.0–40.1 –

1 Cakir (2004) Turkey, 2 Wannes et al. (2009), Tunisia, 3 Wannes et al. (2010), Tunisia, 4 Serce 
et al. (2010) Turkey (8 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (fruits of M. communis)

• High in dietary fibre (> 6 g/100 g).
• High MUFA proportion (oleic acid).
• Low Na content (< 120 mg/100 g). It can be considered as a source of K, 

Ca, Cu, and Mn; sometimes also a source of Fe.
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13.3.21 Papaver rhoeas L. (Papaveraceae)

Common Names Poppy, papoila (pt), amapola (es), coquelicot (fr), rosolaccio 
(it), mak (hr), paparouna (el), gelincik (tr), bennaâman (ar).

Description Annual herb, up to 60 cm, with pinnate and usually petiolate leaves 
that has showy flowers with 2 green deciduous sepals and 4 red petals, often with a 
black spot at the base, and many bluish stamens. The fruit is an obovoid capsule of 
1–1.5 cm, covered by a disk with 8–12 rays.

Ecology and Distribution It grows abundantly on ruderal and waste grounds, usu-
ally associated and mixed in cereal crops. It flowers in spring, but sometimes also 
in summer. It seems to be native to the south of Europe, although some authors 
consider it as a plant introduced with the cultivation of cereals. It also grows in Asia 
and North Africa.

Food Uses This wild species has been traditionally used as a vegetable in several 
Mediterranean countries. The consumption of its young leaves and shoots has been 
registered in Spain (e.g. Parada et al. 2011; Rigat et al. 2009; Tardío et al. 2006; 
Velasco et al. 2010), France (Couplan 2009a; Marco et al. 2003), Italy (e.g. Ghirar-
dini et al. 2007; Guarrera 2006; Lentini and Venza 2007; Picchi and Pieroni 2005), 
Croatia (Łuczaj et al. 2013b), Greece (Hadjichambis et al. 2008; Leonti et al. 2006; 
Zeghichi et al. 2003), Cyprus (Della et al. 2006), Turkey (Dogan et al. 2004; Dogan 
2012; Ertuğ 2000; Ertuğ 2014), Lebanon (Marouf 2005), and Morocco (Nassif and 
Tanji 2013). They are consumed raw in salads (e.g. Couplan 2009a; Dogan 2012; 
Guarrera 2006; Hadjichambis et al. 2008; Marouf 2005; Picchi and Pieroni 2005; 
Tardío et al. 2005), but more frequently boiled and used in vegetables mixes with 
other wild herbs like side dish (Hadjichambis et al. 2008; Marco et al. 2003; Nassif 
and Tanji 2013; Picchi and Pieroni 2005), eaten in soups (Dogan 2012; Guarrera 
2006; Hadjichambis et al. 2008; Lentini and Venza 2007; Picchi and Pieroni 2005), 
or used as pastry stuffing in vegetable pies, ravioli, etc. (Couplan 2009a; Della et al. 
2006; Dogan 2012; Picchi and Pieroni 2005; Tardío 2010; Zeghichi et al. 2003). 
Some of these recipes include more than 15–20 different wild species. Additionally, 
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they are also consumed in omelettes (Couplan 2009a; Guarrera 2006; Verde et al. 
2003).

The consumption of this wild vegetable was common in the past, mainly in 
shortage periods (Mesa 1996). However, it can be bought nowadays in some tra-
ditional markets, generally in vegetable mixes (Picchi and Pieroni 2005), such as 
the mišanca, a wild vegetable mix sold in every market of the Dalmatian Coast, in 
southern Croatia (Łuczaj et al. 2013b).

Apart from the young leaves and shoots, petals and seeds are also edible. For 
instance, it is traditional to chew and suck the petals (Tardío et al. 2006), to add 
them in salads in some parts of Spain (Rivera and Obón 1991), or even to prepare 
dishes based on them in Morocco (Nassif and Tanji 2013). In some Italian villages, 
the poppy seeds are spread on the bread and on some sweets offered to the bride in 
order to stimulate fertility and bring the couple happiness (Lentini and Venza 2007). 
These traditional uses are nowadays incorporated in modern cuisines, such as the 
use of the poppy petals in Italian luxury restaurants (Łuczaj et al. 2012) or of poppy 
seeds in bread.

Other Uses This species contain alkaloids with sedative and narcotic effects and 
has been employed in Mediterranean folk medicines mainly against nervousness 
and insomnia (Benítez et al. 2010; Guarrera 2006; Le Floc’h 1983; Marouf 2005; 
Picchi and Pieroni 2005), stomach ache (Guarrera 2006), toothache (Aceituno-Mata 
2010; Guarrera 2006), eye infections (Benítez et al. 2010; Guarrera 2006), and sore 
throat or cough (Guarrera 2006; Picchi and Pieroni 2005; Pieroni et al. 2004; Rigat 
et al. 2013). Other uses include the treatment of baldness (Benítez et al. 2010) and 
measles (Rivera et al. 2005). The most frequent mode of use is to drink the decoc-
tion or tisane of the petals or seeds, and, sometimes, it is also applied topically. As 
warned in some Italian studies, the excessive use of seeds as a soporific for babies 
may cause convulsions (Signorini et al. 2009).

The consumption of its leaves and shoots can also be slightly toxic and cause, in 
exceptional cases, mild poisoning in children, adults, and animals (Couplan 1990), 
such as vomit or nausea (Guarrera 2006).

The aerial parts were employed as fodder, mainly for rabbits and pigs, in Spain 
(Aceituno-Mata 2010; Blanco and Cuadrado 2000; Ferrández and Sanz 1993; Mar-
tínez-Lirola et al. 1997), Italy (Guarrera 2006), and Turkey (Ertuğ 2000). They were 
also used in ethnoveterinary as a soft sedative for pigs (Guarrera 2006; Picchi and 
Pieroni 2005).

Historical References The edibility of this species and its laxative properties are 
already mentioned by Theophrastus in the third century BC (Teofrasto 1988). Pliny 
the Elder, in the first century, stated that the wild poppy, boiled in honey, was used 
as a remedy for diseases in the throat (Bostock and Riley 1855).

Food Composition Tables for raw tender leaves and stems of Papaver rhoeas 
(Tables 13.67, 13.68 and 13.69).
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Table 13.67  Main constituents, per 100 g of fresh young leaves and stems of P. rhoeas
Units Average Range References

Energy (calculated value) kcal 42 24–78 –
Moisture g 88.3 68.5–91.2 1, 2, 3
Available carbohydrates g 3.35 2.90–5.30 2, 4
Dietary fibre g 4.40 2.50–11.10 2, 4
Proteins g 3.50 1.50–5.90 2, 4
Lipids g 0.64 0.15–1.03 4, 5
Ash g 2.50 1.45–5.20 1, 4

 K mg 562 188–1672 1, 2, 4, 6
 Na mg 61.0 21.0–112 1, 2, 4, 6
 Ca mg 197 50–545 1, 2, 4, 6
 Mg mg 35.9 8.60–74.1 1, 2, 4, 6
 P mg 55.9 26.5–85.3 2, 6
 Fe mg 3.46 0.90–6.04 2, 4, 6
 Cu μg 364 130–1070 4, 6
 Mn μg 727 390–1060 4, 6
 Zn μg 978 200–2640 2, 4, 6

1 Bianco et al. (1998) Italy (2 samples), 2 Trichopulou et al. (2000) Greece, 3 Morales et al. (2014) 
Spain (4 samples), 4 García-Herrera (2014) Spain (4 samples), 5 Morales et al. (2012b) Spain (4 
samples), 6 Zeghichi et al. (2003) Crete

Units Average Range References
Carotenoids

 β-carotene mg 0.75 – 1
 Lutein mg 1.15 – 1
 RAE (calculated value) μg 62.5 – –

Vitamin B9 (total folates) μg 152 151–154 2
Vitamin C mg 24 18.7–47.6 3, 4

 Ascorbic acid mg 14.1 11.9–17.1 1, 3, 4
 Dehydroascorbic acid mg 16.9 6.80–30.1 3, 4

Vitamin E
 α-tocopherol mg 1.00 0.52–1.37 1, 4, 5
 β-tocopherol mg 0.66 0.53–0.79 4
 γ-tocopherol mg 0.04 0.03–0.05 1, 4
 δ-tocopherol mg 0.02 0.01–0.03 4

Vitamin K μg 145 – 1
Organic acids

 Oxalic acid mg 456 124–850 3, 4
 Glutamic acid mg 95.7 nd–118 4
 Malic acid mg 89.0 22.9–280 3, 4
 Citric acid mg 115 11.2–410 3, 4
 Fumaric acid mg 4.40 Traces–8.26 3, 4

Phenolics (total) mg 119a 22.3–269 1, 4, 5
mg ≈239b 219–256 6, 7

 Flavonoids mg 12.0c 11.5–12.5 4
mg 31.0d – 8

Table 13.68  Vitamins and other constituents, per 100 g of fresh young leaves and stems of P. 
rhoeas
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Units Average Range References
mg ≈143b 141–145 6

Nitrate mg 252 219–307 5, 9
1 Vardavas et al. (2006b) Crete, 2 Morales et al. (2015) Spain (4 samples), 3 Sánchez-Mata et al. 
(2012) Spain (2 samples), 4 Morales et al. (2014) Spain (4 samples), 5 Zeghichi et al. (2003) Crete, 
6 Conforti et al. (2009) Italy, 7 Conforti et al. (2011) Italy, 8 Trichopulou et al. (2000) Greece, 9 
Bianco et al. (1998) Italy
RAE retinol activity equivalents; nd non-detected values
a Expressed as gallic acid
b Expressed as chlorogenic acid
c Expressed as catechin
d Expressed as sum of compounds (quercetin derivatives as major components)

Table 13.68 (continued)

Remarks (young leaves and stems of P. rhoeas)

• It may represent a source of dietary fibre (> 3 g/100 g).
• Low Na content (< 120 mg/100 g); it can be considered as a source of K, 

Cu, Mn, and vitamins C and B9 (folates); sometimes also a source of Ca, 
Fe, and vitamin K.

• High content of oxalates: People with altered renal function should avoid 
this vegetable; boiling is recommended for general population.

• Very high nitrate content, not recommended for infants.

Table 13.69  Fatty acids profile (% of total fatty acids) of fresh young leaves and stems of P. rhoeas
Individual compounds Average Range References
12:0 0.14 0.10–0.18 1
14:0 1.58 0.56–2.53 1, 2
16:0 15.2 9.27–20.6 1, 2
16:1 0.45 0.16–0.73 1, 2
18:0 1.93 1.45–2.40 1, 2
18:1n − 9 1.88 1.36–2.40 1, 2
18:2n − 6 15.5 14.5–16.5 1, 2
18:3n − 3 53.6 42.1–65.0 1, 2
18:3n − 6 0.20 – 2
20:0 1.65 0.97–2.27 1, 2
20:1n − 9 0.05 0.04–0.06 1
22:0 2.01 1.59–3.50 1, 2
24:0 1.35 1.10–1.60 1, 2
24:1n − 9 1.00 – 2
Categories (calculated values)
SFA 28.2 15.9–34.4 –
MUFA 3.3 1.6–4.1 –
PUFA 68.5 61.5–82.5 –
n − 3 52.5 45.8–65.8 –
n − 6 16.2 15.9–16.7 –
n − 9 2.7 1.4–3.3 –

1 Morales et al. (2012b) Spain (4 samples), 2 Vardavas et al. (2006a) Crete
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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13.3.22 Plantago lanceolata L. and P. major L. (Plantaginaceae)

Common Names P. lanceolata: narrowleaf plantain, lingua de ovelha (pt), llantén 
menor (es), plantain lancéolé (fr), piantaggine (it), damarlıca (tr), adhan al kabsh 
(ar). P. major: broadleaf plantain, tanchagem (pt), llantén mayor (es), grand plan-
tain (fr), piantaggine (it), trputac (hr), lithospasto (el), sinirotu (tr), lisan al hamal 
(ar).

Description Both are perennial herbs with one or more basal leaves rosettes grow-
ing from the same root. The leaves of P. lanceolata are lanceolate, acute, entire, 
with 3–5 longitudinal veins, up to 20 cm, usually villous. In the case of P. major, the 
leaves are ovate or elliptical, acute, and with a smooth margin, up to 20 × 9 cm, with 
3–9 longitudinal veins. The inflorescences are spikes, much longer and narrower in 
P. major than in P. lanceolata, whose flowers have white and longer stamens.

Ecology and Distribution They are common in waste places along roads and 
meadows and pastures in several types of soils. In southern droughty areas, P. major 
is restrained to humid soil, such as river flood-lands. Both P. major and P. lanceolata 
flower from spring to autumn. They grow in Europe, Asia, and Africa, in temperate 
and cold zones, now naturalized all around the world, except in tropical areas.

Food Uses Both species have been traditionally consumed as vegetables in the 
Mediterranean countries, at least in Spain (Menendez-Baceta et al. 2012; Parada 
2008; Piera 2006; Velasco et al. 2010), Italy (Guarrera 2006; Hadjichambis et al. 
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2008; Picchi and Pieroni 2005), Slovenia (Cerne 1992), Croatia (Łuczaj et al. 
2013a), Greece (Hadjichambis et al. 2008), Turkey (Dogan 2012; Ertuğ 2014; Kül-
tür 2008), and Lebanon (Marouf 2005).

Their tender basal leaves are collected in spring and eaten raw in salads (Dogan 
2012; Hadjichambis et al. 2008; Marouf 2005; Menendez-Baceta et al. 2012; Para-
da 2008; Picchi and Pieroni 2005; Piera 2006; Velasco et al. 2010) or cooked (Guar-
rera 2006; Hadjichambis et al. 2008; Kültür 2008; Łuczaj et al. 2013a; Marouf 
2005; Menendez-Baceta et al. 2012), sometimes in soups (Guarrera 2006; Picchi 
and Pieroni 2005). They can also be mixed with other wild vegetables, as in the 
traditional Italian dishes acquacotta and pistic (Guarrera 2006), the latter being a 
vegetable plate elaborated with a mix of a large number of wild vegetables (Paoletti 
et al. 1995). The leaves of P. lanceolata are also used as stuffing to prepare veg-
etable pies in Turkey (Dogan 2012).

The inflorescences of P. major are consumed raw in the southwest of Spain 
(Hadjichambis et al. 2008) and in the north of Italy, close to the Switzerland border, 
to elaborate a soup with a curious and pleasant fungus flavour (Picchi and Pieroni 
2005). As also reported by these authors, its consumption has become very popular 
in the French nouvelle cuisine of the 90s.

In northeastern Spain their leaves are employed in the elaboration of a traditional 
liqueur called ratafia prepared with green walnuts and many wild herbs that some-
times include the basal leaves of these species (Bonet and Vallès 2002; Tardío et al. 
2006).

Other Uses The consumption of the leaves of P. major is considered healthy for the 
stomach function (Marouf 2005). Different parts of both species (mainly the leaves, 
sometimes the seeds and the roots) have also been traditionally employed to treat 
several digestive, respiratory, urinary, and skin disorders, as registered in Portugal, 
Spain, Italy, Albania, Turkey, Cyprus, Lebanon, and Algeria (e.g. Bonet et al. 1999; 
Camejo-Rodrigues et al. 2003; González-Hernández et al. 2004; González-Tejero 
et al. 2008; Guarrera 2006; Marouf 2005; Menendez-Baceta et al. 2014; Neves et al. 
2009; Picchi and Pieroni 2005; Tetik et al. 2013). It has also been used in ethnovet-
erinary (Carrió and Vallès 2012; Carvalho 2010).

These species are usually considered weeds and their leaves and seeds have been 
employed as animal food, for ruminants, rabbits, and birds (Parada 2008; Velasco 
et al. 2010).

Historical References Theophrastus, in the third century BC, cites the narrowleaf 
plantain among the wild vegetables sprouting in spring (Teofrasto 1988). Apart 
from describing many medicinal applications of the leaves and roots of both spe-
cies, Dioscorides mentioned their consumption as cooked vegetables, with lentils 
(Osbaldeston 2000). Some of these medicinal prescriptions include the consump-
tion of the cooked leaves, being therefore described as a medicinal food.

Food Composition Tables for raw tender leaves of Plantago lanceolata (Tables 
13.70, 13.71 and 13.72).
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Table 13.70  Main constituents, per 100 g of fresh tender leaves of P. lanceolata
Units Average Range References

Energy (calculated value) kcal 28 17–26 –
Moisture g 86.2 83.4–88.8 1
Available carbohydrates g 2.81 2.37–3.25 1

 Soluble sugars g 1.06 – 2
  Fructose mg 211 – 2
  Glucose mg 740 – 2
  Sucrose mg 112 – 2

Dietary fibre g 3.71 – 1
 Insoluble fibre g 2.70 – 2

Proteins g 1.72 1.36–2.39 1,3
Lipids g 0.33 0.27–0.39 1
Ash g 2.07 1.43–3.26 1, 3

 K mg 361 263–415 1, 3, 4
 Na mg 21.3 13.6–33.4 1, 4
 Ca mg 304 57–660 1, 3, 4
 Mg mg 52.6 20.7–88.0 1, 3, 4
 P mg ≈28.0 – 3
 Fe mg 3.91 1.11–5.12 1, 3, 4
 Cu µg 159 90–190 1, 4
 Mn µg 661 310–1012 1, 3, 4
 Zn µg 548 295–770 1, 3, 4

1 Guil Guerrero (2001) Spain (10 samples), 2 Souci et al. (2008) unknown origin, 3 Ayan et al. 
(2006) Turkey, 4 Queralt et al. (2005) Bulgaria

Table 13.71  Vitamins and other constituents, per 100 g of fresh tender leaves of P. lanceolata
Units Average Range References

Carotenoids (total) mg 6.77a 4.07–9.47 1
Vitamin C (ascorbic acid) mg 13.6 12.3–14.9 1
Organic acids

 Oxalic acid mg 88.0 – 1
Phenolics (total) mg ≈480b 298–662 2

mg ≈629c 309–950 3, 4
 Hydroxycinnamic acids mg 509d – 5
 Flavonoids mg ≈49.6e 46.0–53.2 4

  Anthocyanins mg 0.54f – 5
1 Guil Guerrero (2001) Spain (10 samples), 2 Gatto et al. (2011) Italy, 3 Gálvez et al. (2005) Spain, 
4 Vârvan and Vârvan (2012) Romania, 5 Vanzani et al. (2011) Italy (4 samples)
a  Expressed as β-carotene
b Expressed as sum of different compounds (verbascoside as major component)
c Expressed as gallic acid
d Expressed as chlorogenic acid
e Expressed as catechin
f Expressed as cyanidin-3-glucoside
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Food Composition Tables for raw tender leaves of Plantago major (Tables 13.73, 
13.74 and 13.75).

Table 13.72  Fatty acids profile (% of total fatty acids) of tender leaves of P. lanceolata
Individual compounds Average Range References
12:0 0.97 – 1
14:0 0.49 – 1
16:0 14.6 – 1
16:1 1.78 – 1
16:2n − 6 0.38 – 1
16:3n − 3 0.98 – 1
18:0 0.87 – 1
18:1n − 9 1.45 – 1
18:2n − 6 18.9 – 1
18:3n − 3 45.1 – 1
20:0 1.98 – 1
22:0 0.87 – 1
22:1n − 9 3.89 – 1
24:0 0.65 – 1
Categories (calculated values)
SFA 21.8 – –
MUFA 7.8 – –
PUFA 70.4 – –
n − 3 49.6 – –
n − 6 20.8 – –
n − 9 5.9 – –

1 Guil Guerrero (2001) Spain (10 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (tender leaves of P. lanceolata)

• Very low energy value (< 40 kcal/100 g).
• Very low lipid content (< 0.5 g/100 g), with high PUFA proportion.
• It may be a source of dietary fibre (> 3 g/100 g).
• Low oxalate (< 100 mg/100 g) and very low Na (< 40 mg/100 g) contents.
• It may be considered as a source of Mn and vitamin C; often also a source 

of K, Ca, Mg, Fe, and Cu.



J. Tardío et al.382

Table 13.73  Main constituents, per 100 g of fresh tender leaves of P. major
Units Average Range References

Energy (calculated value) kcal 27 21–32 –
Moisture g 87.7 85.6–89.8 1, 2, 3
Available carbohydrates g 2.03 1.35–2.71 3
Dietary fibre g 3.88 3.19–4.57 3
Proteins g 2.30 1.98–2.60 3
Lipids g 0.20 0.14–0.22 3
Ash g 3.19 2.86–3.82 3, 4
 K mg 318 283–357 3, 4
 Na mg 124 70–137 3, 4
 Ca mg 108 86.0–134 3, 4
 Mg mg 95.0 81.0–109 3, 4
 P mg 23.4 20.0–26.8 3, 4
 Fe mg 2.25 1.20–2.80 3, 4, 5
 Cu μg 150 100–230 3, 4, 5
 Mn μg 450 300–520 3, 4, 5
 Zn μg 250 100–520 3, 4, 5

1 Guil-Guerrero et al. (1996b) Spain (various samples), 2 Guil-Guerrero et al. (1997a) Spain (5 
samples), 3 Guil-Guerrero (2001) Spain (10 samples), 4 Guil-Guerrero et al. (1998b) Spain (5 
samples), 5 Stef et al. (2010), Romania

Table 13.74  Vitamins and other constituents, per 100 g of fresh tender leaves of P. major
Units Average Range References

Carotenoids (total) mg 6.42a 4.87–9.18 1, 2, 3, 4, 5
Vitamin C mg 55.0 24.3–92.0 3, 5, 6

 Ascorbic acid mg 32.5 17.0–40.0 1, 3, 6
 Dehydroascorbic acid mg 41.5 27.0–52.0 3, 6

Organic acids
 Oxalic acid mg 67.3 54.4–136 3, 5

Nitrate mg 101 94–108 3, 5
1 Aliotta and Pollio (1981) Italy, 2 Guil-Guerrero et al. (1996b) Spain (various samples), 3 Guil-
Gerrero et al. (1997a) Spain (5 samples), 4 Guil-Guerrero and Rodriguez-García (1999) Spain (5 
samples), 5 Guil-Guerrero (2001) Spain (10 samples), 6 Franke and Kensbock (1981) Germany
a  Expressed as β-carotene
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Table 13.75  Fatty acids profile (% of total fatty acids) of fresh tender leaves of P. major
Individual compounds Average Range References
12:0 3.57 – 1
14:0 1.99 1.79–2.20 1, 2
16:0 16.2 15.9–16.6 1, 2
16:1 2.77 1.47–3.84 1, 2
18:0 2.36 2.12–2.61 1, 2
18:1n − 9 2.09 1.86–2.32 1, 2
18:2n − 6 12.5 11.2–13.8 1, 2
18:3n − 3 36.7 33.2–40.0 1, 2
18:4n − 3 2.02 – 2
20:0 1.46 1.31–1.61 1, 2
22:0 2.07 – 1
22:1 3.66 3.45–3.87 1, 2
24:0 1.09 0.98–1.21 1, 2
Categories (calculated values)
SFA 30.6 29.1–32.0 –
MUFA 10.0 9.7–10.3 –
PUFA 59.5 57.7–61.2 –
n − 3 43.4 42.9–43.9 –
n − 6 14.1 12.8–14.8 –
n − 9 10.0 9.7–10.3 –

1 Guil-Guerrero (2001) Spain (10 samples), 2 Guil-Guerrero et al. (1996b) Spain (various samples) 
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks

• Low energy value (< 40 kcal/100 g).
• Source of dietary fibre (> 3 g/100 g).
• Very low lipid content (< 0.5 g/100 g), with high PUFA proportion.
• Low oxalate content (< 100 mg/100 g).
• High ash level, low Na content (< 40 mg/100 g).
• It may be considered as a source of Mg, Mn, and vitamin C; often also a 

source of K, Ca, Fe, and Cu.
• High content of nitrate; not recommended for infants.



J. Tardío et al.384

13.3.23 Portulaca oleracea L. (Portulacaceae)

Common Names Purslane, beldroega (pt), verdolaga (es), poupier (fr), portulaca 
(it), tušt (hr), andrakla (el), semizotu (tr), baqleh (ar).

Description Annual fleshy herb, glabrous, with prostrate and branched stems up 
to 50 cm. The obovate and succulent leaves are sessile and up to 2 cm. The yellow 
flowers have 2 sepals and 4–6 petals. The fruit is a little capsule up to 1 cm, dehisc-
ing by a transverse line, containing numerous little seeds up to 1 mm, black and 
reniform. Five different subspecies are known.

Ecology and Distribution It grows around cultivated places, in all type of soils. 
It flowers from February to September. It is common in the entire Mediterranean 
region and in all the temperate areas throughout the world.

Food Uses The leaves and stems have been traditionally consumed as raw or cooked 
vegetables in most Mediterranean countries. There are references from Portugal 
(Carvalho 2010; Carvalho and Telo 2013; Mendonça de Carvalho 2006), Spain (e.g. 
Blanco and Cuadrado 2000; Fajardo et al. 2007; Pellicer 2004a; Rigat et al. 2009; 
Tardío et al. 2005; Velasco et al. 2010), France (Marco et al. 2003), Italy (Guarrera 
2006; Lentini and Venza 2007; Leonti et al. 2006; Picchi and Pieroni 2005), Slove-
nia (Cerne 1992), Croatia (Łuczaj et al. 2013a; Łuczaj et al. 2013b), Albania (Hadji-
chambis et al. 2008), Greece (Hadjichambis et al. 2008; Leonti et al. 2006), Cyprus 
(Della et al. 2006), Turkey (Dogan 2012; Ertuğ 2014), Lebanon (Batal and Hunter 
2007; Marouf 2005), Jordan (Al-Qura’n 2010; Tukan et al. 1998), Palestine (Ali-
Shtayeh et al. 2008), Egypt (Hadjichambis et al. 2008), Tunisia (Le Floc’h 1983), 
and Morocco (Hadjichambis et al. 2008; Nassif and Tanji 2013). The leaves, and 
sometimes also the tender stems, have been widely consumed raw in salads, either 
simply dressed with olive oil and lemon or vinegar (e.g. Ali-Shtayeh et al. 2008; 
Pellicer 2004a), or with more ingredients, such as tomatoes, capers, and cucumbers 
(Lentini and Venza 2007), anchovies (Picchi and Pieroni 2005), or yogurt (Dogan 
2012). Purslane has been also broadly eaten cooked in different recipes, such as 
soups (Carvalho 2010; Cerne 1992; Dogan 2012; Guarrera 2006; Lentini and Venza 
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2007; Marco et al. 2003; Marouf 2005; Mendonça de Carvalho 2006), as a side dish, 
simply boiled, strained, and sprinkled with olive oil (Łuczaj et al. 2013a), boiled 
and fried with garlic and olive oil (Picchi and Pieroni 2005), or for accompanying 
legume dishes, such as the Spanish cocido or potaje (Blanco and Cuadrado 2000; 
Cobo and Tijera 2011; Mesa 1996; Sánchez-Romero 2003; Triano et al. 1998; Verde 
et al. 2003), and even included in mixes with other wild vegetables (Marouf 2005; 
Nassif and Tanji 2013). It is also used for omelettes (Benítez 2009; Mesa 1996; 
Molero Mesa et al. 2001; Obón 2006; Tardío et al. 2002; Verde et al. 2003) and as 
filling for vegetable pies like the Lebanese fatayer, triangle-shaped pies filled with 
vegetables, meat, or cheese (Batal and Hunter 2007; Marouf 2005). It has been 
traditionally preserved by pickling throughout the Mediterranean region (Carvalho 
and Telo 2013; Galán 1993; Guarrera 2006; Picchi and Pieroni 2005).

The seeds have been also eaten, at least in the north of Africa, both directly as a 
snack and for quenching thirst and hunger (Le Floc’h 1983) or mixed with cereals 
in porridge or with dried powdered dates in a sort of sfouf (Moroccan cake) from the 
Sahara (Nassif and Tanji 2013).

In Spain, the consumption of this plant is often associated with famine or scarcity 
times (Aceituno-Mata 2010; Benítez 2009; González Turmo 1997; Moll 2005).

Other Uses Purslane has been also traditionally used in folk medicine. It is eaten to 
improve the digestion or against constipation and stomach ache (Batal and Hunter 
2007; Guarrera 2006; Velasco et al. 2010). It has been also used against urinary 
problems (González-Tejero 1989; Guarrera 2006), skin diseases (Guarrera 2006; 
Parada et al. 2002; Picchi and Pieroni 2005), to cure insomnia (Picchi and Pieroni 
2005; Velasco et al. 2010), or to lower cholesterol (Batal and Hunter 2007).

It has been also widely employed as animal feed, especially for pigs, hens, or 
rabbits (e.g. Aceituno-Mata 2010; Carvalho 2010; Guarrera 2006; Pellicer 2004a). 
Today it is considered a typical summer weed in vegetable gardens (e.g. Aceituno-
Mata 2010; Carvalho 2010).

Historical References This edible plant has been used and even cultivated since 
antiquity. In the third century BC, Theophrastus named purslane as one of the sev-
eral summer cultivated vegetables that must be sown in April (Teofrasto 1988). 
Dioscorides, in his Materia Medica, describes a myriad of medicinal applications 
(Osbaldeston 2000), most of them still registered in modern ethnobotanical stud-
ies. Also in the first century, the Spanish-Roman Columella describes the way of 
preserving pickled purslane (Columela 1824). In the sixteenth century, Ruel and 
Daléchamps mention the existence of a cultivated form and say that purslane was 
preserved with salt and vinegar for winter and Lent (Marco et al. 2003).

Food Composition Tables for raw tender leaves of Portulaca oleracea (Tables 
13.76, 13.77 and 13.78).
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Table 13.76  Main constituents, per 100 g of fresh tender leaves of P. oleracea
Units Average Range References

Energy (calculated value) kcal 25 19–32 –
Moisture g 92.6 90.0–94.3 1, 2, 3, 4, 5
Available carbohydrates g 1.98 1.11–2.70 4
Dietary fibre g 1.20 0.90–1.80 1, 4
Proteins g 3.00 2.50–3.50 1, 4
Lipids g 0.35 0.30–0.40 1, 4, 6
Ash g 1.88 1.25–2.95 1, 2, 4

 K mg 464 280–611 2, 5, 7
 Na mg 52.0 9.00–105 2, 5, 7
 Ca mg 116 51.0–181 2, 5, 7
 Mg mg 166 56–276 5, 7
 P mg 33.0 20.1–46.0 2, 7
 Fe mg 4.29 2.90–5.68 2, 7
 Cu μg 390 360–420 7
 Mn μg 590 540–640 7
 Zn μg 740 570–900 2, 7

1 Cowan et al. (1963), Lebanon, 2 Gurses and Artik (1984) Turkey (10 samples), 3 Guil-Gerrero 
et al. (1997a) Spain (5 samples), 4 Guil-Guerrero et al. (1997b) Spain (5 samples), 5 Bianco et al. 
(1998) Italy (2 samples), 6 Guil-Guerrero et al. (1996b) Spain (various samples), 7 Guil-Guerrero 
et al. (1999a) Spain (5 samples)

Table 13.77  Vitamins and other constituents, per 100 g of fresh edible portion of P. oleracea
Units Average Range References

Carotenoids mg 6.2a 1.3–9.8 1, 2, 3, 4
 β-carotene mg ≈3.50 – 4
 Lutein mg ≈5.40 – 4
 Neoxanthin mg ≈0.50 0.10–0.90 5d, 6d

 Violaxanthin mg ≈2.50 1.10–3.90 6d

 Zeaxanthin mg ≈0.20 – 4
 RAE (calculated value) μg ≈229 – –

Organic acids
 Oxalic acid mg 681 519–869 3, 7

Vitamin C mg 101.5 29–109 1, 3, 8
 Ascorbic acid mg 54.7 4.82–105 2, 3, 9, 10
 Dehydroascorbic acid mg 9.0 4.0–18.0 3, 9

Phenolics mg 270b 267–272 11
 Phenolic acids mg 6.32c – 12d

 Flavonoids mg 0.30c – 12d

  Anthocyanins mg 0.24 – 12d

Nitrate mg 42.1 32–52.1 3, 7
1 Cowan et al. (1963), Lebanon, 2 Aliotta and Pollio (1981) Italy, 3 Guil-Guerrero et al. (1997a) 
Spain (5 samples), 4 Dias et al. (2009) Portugal, 5 Mercadente and Rodríguez Amaya (1990) Brazil, 
6 Raju et al. (2007) India (2 samples), 7 Bianco et al. (1998) Italy (2 samples), 8 Bruno et al. (1980) 
Italy, 9 Franke and Kensbock (1981) Germany, 10 Gurses and Artik (1984) Turkey (10 samples), 11 
Conforti et al. (2011) Italy, 12 Andarwulan et al. (2012) Indonesia; RAE retinol activity equivalents
a  Expressed as β-carotene or as sum of compounds
b Expressed as chlorogenic acid
c Expressed as sum of compounds (chlorogenic acid and quercetin as major component)
d Plants gathered from locations different from Mediterranean or surrounding areas
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Table 13.78  Fatty acids profile (% of total fatty acids) of fresh tender leaves of P. oleracea
Individual compounds Average Range References
14:0 0.71 – 1
16:0 17.4 – 1
16:1n − 7 20.9 – 1
18:0 3.46 – 1
18:1n − 7 0.74 – 1
18:1n − 9 5.89 – 1
18:2n − 6 16.8 – 1
18:3n − 3 32.6 – 1
18:3n − 6 0.27 – 1
20:0 0.87 – 1
22:0 3.33 – 1
24:0 0.49 – 1
Categories (calculated values)
SFA 25.4 – –
MUFA 26.6 – –
PUFA 48.0 – –
n − 3 31.7 – –
n − 6 16.5 – –
n − 9 5.9 – –

1 Guil-Guerrero et al. (1996b) Spain (various samples); SFA saturated fatty acids, MUFA monoun-
saturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (tender leaves of P. oleracea)

• Low energy value (< 40 kcal/100 g).
• Very low lipid content (< 0.5 g/100 g).
• Low Na content (< 120 mg/100 g); it can be considered as a source of Mg, 

Fe, Cu, Mn, vitamin C; it might be also a source of K, Ca, and vitamin A 
(provitamin A as β-carotene).

• Very high content of oxalates: People with altered renal function should 
avoid this vegetable; boiling is recommended for general population.
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13.3.24 Prunus spinosa L. (Rosaceae)

Common Names Blackthorn, abrunheiro (pt), endrino (es), prunellier (fr), 
prugnolo selvatico (it), trnina (hr), tspourna (el), dağ eriği (tr), berqouq el ouach 
(ar).

Description Shrub up to 3 m, with intricate spiny branches, deciduous. Leaves 
usually obovate, serrate, with a 1 cm petiole. The numerous flowers grow solitary 
before the leaves appear; with 5 glabrous sepals and 5 white petals. Blue or black 
globular fruits, pruinose, 10–15 mm in diameter, acid and astringent when raw.

Ecology and Distribution It grows in almost all types of soils, with preference for 
basic and rich ones, in hedges, forest edges, roads, or waysides. It lives in almost all 
of Europe, Siberia, Caucasus, southwest Asia, and northwest Africa.

Food Uses The fruits (sloes) were traditionally consumed at least in Portugal (Car-
valho 2010; Carvalho and Telo 2013), Spain, (e.g. Rigat et al. 2009; Tardío et al. 
2006; Tejerina 2010), Italy (Guarrera 2006; Lentini and Venza 2007), Slovenia 
(Cerne 1992), Croatia (Łuczaj et al. 2013a), Bosnia-Herzegovina (Redžić 2006), 
and Turkey (Ertuğ 2000; Ertuğ 2014). They can be eaten raw, directly from the 
plant, when they are ripe in autumn or, even better, when overripe after the first 
frosts, and the fruits become sweeter (e.g. Aceituno-Mata 2010; Fajardo 2008; 
Menendez-Baceta et al. 2012; Pardo-de-Santayana 2003; Tardío et al. 2002). The 
mature fruits are very astringent and sour, so they were usually left to overripe in 
a bag introduced into straw, put in the shade, buried for a week (Benítez 2009; 
Molina 2001) or were dried in the sun like raisins (Blanco 2002; Criado et al. 2008; 
Sánchez-Romero 2003; Verde et al. 2001). That way, the sloes could be stored 
at home for being consumed during the long winter (Aceituno-Mata 2010; Tar-
dío et al. 2002), being even a typical Christmas dessert in some Spanish regions 
(Fajardo et al. 2007). The fruits have been also used to elaborate marmalades (Bonet 
1993; Guarrera 2006; Parada 2008) and other kind of sweet preserves (Cofradía 
Extremeña de Gastronomía 1985).

As in other European countries, sloes are also traditionally gathered to elaborate 
liqueurs in the Mediterranean region, at least in Portugal (Carvalho 2010), Spain 
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(e.g. Akerreta 2009; Benítez 2009; González et al. 2011a; Tardío et al. 2006), and 
Italy (Guarrera 2006). In Spain, a liqueur called pacharán is widely popular. It orig-
inated in Navarre (north of Spain), but it is now highly appreciated throughout the 
country. Many people prepare it at home, but it is also widely marketed and there 
are many commercial brands. It is made by soaking the fruits in anisette with some 
coffee beans and cinnamon (e.g. Akerreta 2009; Fajardo 2008; Menendez-Baceta 
et al. 2012; Tardío et al. 2002). But there are also many variants of these traditional 
sloe liqueurs. The fruits can be macerated in anisette, liquor (Pardo-de-Santayana 
2003), or brandy (Verde et al. 2001). Some people also add chamomile, green wal-
nuts, or Jasonia glutinosa (Aceituno-Mata 2010; Pardo-de-Santayana 2003; Villar 
et al. 1987). It is also mixed with a great number of herbs to elaborate liqueurs 
like the ratafia of Catalonia in northeastern Spain (Parada 2008). In the south of 
Spain, the boiled fruits were also mixed with wine (Fernández Ocaña 2000). These 
liqueurs were traditionally taken as a medicinal drink, especially for their digestive 
properties, as detailed in the following section.

Other Uses Given their astringent properties, the raw fruits were eaten against 
diarrhoea (Parada et al. 2002), although when overripe they were considered laxa-
tive (Carvalho 2010; Pardo-de-Santayana 2003). The fruits are also eaten against 
stomach ache (Sánchez-Romero 2003). As mentioned above, the sloe liqueurs were 
commonly drunk to heal or prevent several conditions. It is especially considered as 
digestive, laxative, and stomach-ache reliever (e.g. Akerreta 2009; Carvalho 2010; 
Guarrera 2006; Mulet 1991; Villar et al. 1987). Many other medicinal properties 
have been attributed to the plant (Guarrera 2006). For instance, the infusion or 
decoction of the aerial parts (leaves, flowers, and fruits) has been used as an aid to 
reduce high blood glucose levels (Benítez 2009) and high blood pressure (Akerreta 
2009).

Goats browse their twigs and young branches, and pigs and foxes like the fruits 
(Guarrera 2006; Pardo-de-Santayana 2003). In Montesinho, NE Portugal, the fruits 
were given to the pigs as diuretics (Carvalho 2010).

In Italy and Bosnia-Herzegovina, the leaves have been used as tobacco surrogate 
(Guarrera 2006; Redžić 2006).

The wood is hard and the branches are used to elaborate tool-handles (Fajardo 
et al. 2007) or beautiful walking sticks (Guarrera 2006; Pardo-de-Santayana 2003). 
It is a good stock for grafting some fruit trees, especially plum trees (e.g Aceituno-
Mata 2010; Guarrera 2006; Tardío et al. 2002). It is also planted or protected for 
creating living hedges (e.g. Guarrera 2006; Velasco et al. 2010).

Historical References Several prehistoric archaeological sites reveal that the fruits 
have been eaten since ancient times. The fruit remains that have been found in a 
northern Italy Neolithic site seem to have even been cooked or roasted (Rottoli 
2014). There are references of the plum tree in the Greek and Roman classical 
authors but not clear references of this species.

Food Composition Tables for raw fruits of Prunus spinosa (Tables 13.79, 13.80 
and 13.81).
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Table 13.79  Main constituents, per 100 g of fresh fruits of P. spinosa
Units Average Range References

Energy (calculated value) kcal 114 61–190 –
Moisture g 60.2 43.1–72.8 1, 2, 3, 4, 5, 6, 7
Available carbohydrates g 19.7 8.64–35.5 3, 7

 Soluble sugars (total) g 14.1 7.30–19.0 3, 7
  Fructose g 2.43 1.40–3.90 1, 3, 7
  Glucose g 9.27 4.95–14.9 1, 3, 7
  Sucrose g 0.24 Traces–0.50 1, 3, 7

Dietary fibre g 12.3 10.7–13.9 2, 7
 Insoluble fibre g 10.3 8.90–11.8 7
 Soluble fibre g 1.95 0.70–2.70 1, 7

Proteins g 1.23 0.08–3.08 1, 2, 3, 5, 7
Lipids g 0.52 0.30–0.90 1, 2, 3, 5, 7
Ash g 1.69 1.09–3.39 1, 2, 3, 5, 7

 K mg 453 216–590 1, 2, 7
 Na mg 22.8 5.62–66.6 1, 2, 7
 Ca mg 45.3 32.6–67.8 1, 2, 7
 Mg mg 22.6 11.4–29.9 1, 2, 7
 P mg 42.9 – 1
 Fe mg 0.76 0.26–1.98 1, 2, 7
 Cu μg 166 102–360 1, 7
 Mn μg 117 77–171 1, 2, 7
 Zn μg 263 160–529 1, 2, 7

1 Doležal et al. (2001), Czech Republic, 2 Marakoğlu et al. (2005) Turkey, 3 Barros et al. (2010b) 
Portugal, 4 Egea et al. (2010) Spain, 5 Ganhão et al. (2010) Spain, 6 Morales et al. (2013) Spain (6 
samples), 7 Ruiz-Rodríguez (2014) Spain (6 samples)

Units Average Range References
Carotenoids

 β-carotene mg 0.33 0.28–0.44 1, 2
 RAE (calculated value) µg 27.0 23–37 –

Vitamin C mg 10.5 2.00–30.7 1, 3, 4, 5, 6
 Ascorbic acid mg 3.20 0.10–30.7 2, 5, 6, 7, 8
 Dehydroascorbic acid mg 9.16 4.7–14.6 5, 6

Vitamin E
 α-tocopherol mg 5.23 5.05–5.41 5
 β-tocopherol mg 0.08 0.07–0.09 5
 γ-tocopherol mg 0.09 0.07–0.11 5
 δ-tocopherol mg nd nd 5

Organic acids
 Oxalic acid mg 66.8 38.2–150 5, 8
 Quinic acid mg 11.4 7.5–15.3 8
 Shikimic acid mg 1.80 1.5–2.1 8
 Malic acid mg 291 249–333 5, 8
 Citric acid mg 33.5 12.6–64.7 5, 8

Table 13.80  Vitamins and other constituents, per 100 g of fresh fruits of P. spinosa
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Units Average Range References
 Fumaric acid mg 1.59 Traces–0.28 5, 8
 Succinic acid mg 4.8 nd–9.9 5, 8

Phenolics (total) mg 2294a 1584–3005 6
mg 590b 123–2062 2, 3, 4, 7, 9

 Phenolic acids mg 729b 544–1019 6
  Hydroxybenzoic acids mg 1.51b 1.36–1.66 9
  Hydroxycinnamic acids mg 32.2c 29.5–34.9 9

Flavonoids mg 208d 180–235 2
 Flavonols mg 77.8e 19.1–180 6, 9
 Anthocyanins mg 1431f 1044–2736 6

Sorbitol g 4.07 – 1
1 Doležal et al. (2001), Czech Republic, 2 Barros et al. (2010b) Portugal, 3 Ertuk et al. (2009) Tur-
key (6 samples), 4 Jabłońska-Ryś et al. (2009) Poland; 5 Morales et al. (2013) Spain (6 samples), 6 
Ruiz-Rodríguez et al. (2014a) Spain (6 samples), 7 Egea et al. (2010) Spain, 8 Pereira et al (2013) 
Portugal, 9 Ganhão et al. (2010) Spain
RAE retinol activity equivalents; nd non-detected values
a  Expressed as sum of individual compounds (cyanidin derivatives as major component)
b Expressed as gallic acid
c Expressed as chlorogenic acid
d Expressed as catechin
e Expressed as rutin
f Expressed as pelargonidin-3-glucoside

Table 13.80 (continued)

Table 13.81  Fatty acids profile (% of total fatty acids) of fresh fruits of P. spinosa
Individual compounds Average Range References
12:0 1.13 0.1–2.23 1, 2
14:0 0.75 0.09–1.48 1
16:0 14.9 6.2–23.6 1, 3
16:1 0.88 0.63–1.20 1
18:0 8.30 2.36–15.0 1, 3
18:1n − 9 32.8 8.03–57.9 1, 3
18:2n − 6 18.9 13.3–23.9 1, 3
18:3n − 3 6.69 2.59–11.4 1, 3
20:0 3.93 0.52–7.44 1
20:1n − 9 0.49 0.06–1.34 1
22:0 1.26 0.26–2.42 1
24:0 1.09 0.46–1.76 1
Categories (calculated values)
SFA 35.5 11.1–60.0 –
MUFA 36.4 11.6–61.2 –
PUFA 28.1 27.7–28.4 –
n − 3 7.5 2.9–12.2 –
n − 6 20.5 16.3–24.8 –
n − 9 35.4 10.3–60.5 –

1 Barros et al. (2010b) Portugal, 2 Morales et al. (2013) Spain (6 samples), 3 Doležal et al. (2001) 
Czech Republic; SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsatu-
rated fatty acids
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Remarks (fruits of P. spinosa)

• It can reach high available carbohydrates content.
• Often high in dietary fibre (> 6 g/100 g).
• High MUFA proportion (oleic acid) compared to other fruits.
• Low Na content (< 120 mg/100 g); it can be considered as a source of vita-

min E; sometimes also source of K and Cu.
• Very high anthocyanins level, with cianidin-3-rutinoside as the major com-

pound (up to 1964 mg/100 g fresh matter).
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13.3.25 Rorippa nasturtium-aquaticum (L.) Hayek 
(Brassicaceae)

Common Names Watercress, agrião (pt), berro (es), cresson (fr), crescione (it), 
dragušac (bs, hr), kardama (el), suteresi (tr), karsun mehi (ar).

Description Perennial herb, with hollow stems, the roots growing in the nodes, 
procumbent or floating in water. The leaves are pinnate, the younger with round 
leaflets and the end leaflet usually larger than the others. However, the leaflets of 
the leaves close to the flowers are lanceolate. Small white flowers, with 4 petals up 
to 4 mm, in a racemose inflorescence. The fruit is a siliqua 1.5 cm, with the seeds 
in two rows.

Ecology and Distribution It grows in wet places or floating in the water in flow-
ing streams. It flowers almost all year-round. Native to Europe and Asia, it is now 
naturalized all around the world, except in tropical zones.

Food Uses The watercress has a widespread tradition of use all over the Mediter-
ranean region. Its consumption has been registered in Portugal (Carvalho 2010; 
Mendonça de Carvalho 2006), Spain (e.g. González et al. 2011a; Menendez-Baceta 
et al. 2012; Parada et al. 2011; Tardío et al. 2006), Italy (e.g. Guarrera 2006; Pic-
chi and Pieroni 2005), Slovenia (Cerne 1992), Bosnia-Herzegovina (Redžić 2006), 
Turkey (Dogan 2012; Ertuğ 2014), Cyprus (Della et al. 2006), Lebanon (Batal and 
Hunter 2007), Jordan (Al-Qura’n 2010; Tukan et al. 1998), Egypt (Hadjichambis 
et al. 2008), Tunisia (Le Floc’h 1983), and Morocco (Hadjichambis et al. 2008; Nas-
sif and Tanji 2013). The young, tender, and pungent leaves are collected in spring, 
before flowering. They are mainly consumed raw in salads (e.g. Carvalho and Telo 
2013; Cerne 1992; Della et al. 2006; Dogan 2012; Hadjichambis et al. 2008; Lentini 
and Venza 2007; Nassif and Tanji 2013; Redžić 2006; Tardío et al. 2005), includ-
ing the Jordanian yogurt salads (Al-Qura’n 2010; Tukan et al. 1998), the Lebanese 



J. Tardío et al.394

korra tabbouleh, a salad with cracked wheat (Batal and Hunter 2007), salads of 
lettuce and watercress (Carvalho 2010), salads with other wild herbs (Picchi and 
Pieroni 2005), or only watercress salads dressed with olive oil and other ingredients 
(Carvalho and Telo 2013; Guarrera 2006).

To a lesser extent, it is also consumed cooked in soups (Carvalho 2010; Guarrera 
2006; Hadjichambis et al. 2008; Mendonça de Carvalho 2006), in omelettes (Guar-
rera 2006; Parada et al. 2011), fried with onion (Dogan 2012), or other recipes such 
as the Moroccan beqoul (a mix of up to 20 wild vegetables), goat meat tajine, or as 
sauce for couscous (Nassif and Tanji 2013). The seeds can be sprouted and eaten in 
salads as well (Batal and Hunter 2007).

The raw consumption of contaminated watercress gathered in streams of cattle-
rearing areas may cause fasciolosis, a parasitic disease cause by the flatworm Fas-
ciola hepatica.

Other Uses Several medicinal properties are attributed to this species in Mediter-
ranean folk medicines, both consuming the aerial parts as a vegetable (González 
et al. 2010; Guarrera 2006), preparing an infusion or as a syrup (Carvalho 2010). It 
is considered a diuretic, refreshing, and depurative plant (Bonet and Vallès 2002; 
Guarrera 2006; Le Floc’h 1983; Rivera et al. 2005), high in iodine, iron, and pro-
teins, and it was used to treat anaemia (Guarrera 2006; Mendonça de Carvalho 
2006), high blood pressure (Guarrera 2006; Menendez-Baceta et al. 2014), heart 
and vein diseases (Redžić 2006), and other circulatory illnesses since it fortifies the 
blood and lowers fat in blood (Batal and Hunter 2007). It is recommended as well 
to treat respiratory illnesses such as pneumonia, asthma (Carvalho 2010; Guarrera 
2006; Mendonça de Carvalho 2006), to facilitate digestion and improve appetite 
(Batal and Hunter 2007; Guarrera 2006). Its consumption is considered beneficial 
for diabetics (Batal and Hunter 2007; Guarrera 2006), against scurvy (Guarrera 
2006; Le Floc’h 1983), and as an aphrodisiac (Le Floc’h 1983). The leaves and/or 
roots were used topically to treat sciatica (Guarrera 2006), alopecia, and eczemas 
(Benítez et al. 2010; Guarrera 2006), whereas the roots boiled in water with sugar 
were drunk to stimulate the liver (Carvalho 2010).

The leaves have also been used in ethnoveterinary (Benítez 2009; Guarrera 
2006) and as animal fodder of hens, pigs, and rabbits (González et al. 2011b; Men-
donça de Carvalho 2006).

Historical References This aquatic plant has been surely consumed since ancient 
times and also known by its medicinal properties. Dioscorides, in the first century, 
said that it is eaten raw being warming and diuretic, and that externally applied 
at night and wiped away in the morning, it takes away freckles and sunburn 
(Osbaldeston 2000). Laguna (1555) commented that the plant of Dioscorides is 
called berros in Castile, confirming its admirable ability to induce urine and to shat-
ter kidney stones.

Food Composition Tables for raw leaves of Rorippa nasturtium-aquaticum (Tables 
13.82, 13.83 and 13.84).
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Table 13.82  Main constituents, per 100 g of fresh leaves of R. nasturtium-aquaticum
Units Average Range References

Energy (calculated value) kcal 25 24–25 –
Moisture g 93.2 92.2–94.2 1, 2, 3
Available carbohydrates g 4.51 4.49–4.53 1

 Soluble sugars (total) g 0.21 0.19–0.22 1
  Fructose mg 59.0 56.0–62.0 1
  Glucose mg 54.0 51.0–57.0 1
  Sucrose mg 66.0 62.0–70.0 1

Dietary fibre g 1.75 1.50–2.00 2, 3
 Insoluble fibre g 0.81 – 3
 Soluble fibre g 0.66 – 3

Proteins g 0.91 0.85–0.97 1
Lipids g 0.19 0.18–0.21 1
Ash g 1.13 1.05–1.20 1

 K mg 276 – 3
 Na mg 12.0 – 3
 Ca mg 175 170–180 2, 3
 Mg mg 24.5 15.0–34.0 2, 3
 P mg 58.0 52.0–64.0 2,3
 Fe mg 1.65 2.2–3.1 2, 3
 Zn μg 93.2 92.2–94.2 2

1 Pereira et al. (2011) Portugal, 2 Holland et al. (1991) unknown origin, 3 Souci et al. (2008) 
unknown origin

Table 13.83  Vitamins and other constituents, per 100 g of fresh leaves of R. nasturtium-aquaticum
Units Average Range References

Carotenoids mg 4.90 – 1
 β-carotene mg 3.71 2.52–4.90 1, 2
 RAE (calculated value) µg 309 210–408 –

Vitamin B1 mg 0.12 0.08–0.16 1, 2
Vitamin B2 mg 0.11 0.06–0.17 1, 2
Vitamin B3 mg 0.47 0.30–0.65 1, 2
Vitamin C mg 53.0 0.95–96.0 1, 2, 3
Vitamin E
 α-tocopherol mg ≈1.49 1.48–1.50 3
 β-tocopherol mg ≈0.04 0.04–0.04 3
 γ-tocopherol mg ≈0.14 0.14–0.14 3
 δ-tocopherol mg ≈0.09 0.08–0.11 3

Vitamin K µg 250 – 1
Organic acids

 Oxalic acid mg ≈252 247–258 4
 Quinic acid mg ≈23.9 16.1–31.7 4
 Malic acid mg ≈79.6 76.1–83.1 4
 Shikimic acid mg ≈1.02 1.02–1.02 4
 Citric acid mg ≈383 360–406 4
 Succinic acid mg ≈35.1 34.6–35.6 4
 Fumaric acid mg ≈0.95 0.84–1.09 4

1 Souci et al. (2008) unknown origin, 2 Holland et al. (1991) unknown origin, 3 Pereira et al. 
(2011) Portugal, 4 Pereira et al. (2013) Portugal; RAE retinol activity equivalents



J. Tardío et al.396

Table 13.84  Fatty acids profile (% of total fatty acids) of fresh leaves of R. 
nasturtium-aquaticum
Individual compounds Average Range References
12:0 0.28 0.22–0.34 1
14:0 0.64 0.58–0.70 1
16:0 13.2 12.9–13.5 1
16:1 0.49 0.48–0.50 1
18:0 0.92 0.90–0.94 1
18:1n − 9 0.70 0.67–0.73 1
18:2n − 6 11.8 11.7–12.0 1
18:3n − 3 68.4 68.2–68.7 1
18:3n − 6 0.08 0.08–0.08 1
20:0 0.14 0.12–0.16 1
20:1n − 9 0.01 0.01–0.01 1
22:0 0.22 0.22–0.22 1
24:0 0.80 0.78–0.82 1
24:1n − 9 0.36 0.32–0.40 1
Categories (calculated values)
SFA 16.5 16.2–16.8 –
MUFA 1.6 1.5–1.7 –
PUFA 81.9 81.5–82.3 –
n − 3 69.8 69.4–70.3 –
n − 6 12.1 12.1–12.2 –
n − 9 1.1 1.0–1.2 –

1 Pereira et al. (2011) Portugal
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (leaves of R. nasturtium-aquaticum)

• High moisture content, very low lipid content (< 0.5 g/100 g), low energy 
value (< 40 kcal/100 g), and very low Na content (< 40 mg/100 g).

• High PUFA and n − 3 proportion; very good n − 3/n − 6 ratio (> 5).
• It could be considered as a source of vitamin A (provitamin A as β-carotene), 

C, K, and Ca.
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13.3.26 Rubus ulmifolius Schott (Rosaceae)

Common Names Elmleaf blackberry, silva (pt), zarzamora (es), ronce (fr), rovo 
(it), ’ulliq (ar).

Description Shrub, up to 2(6) m, that forms dense thickets with prickly and intri-
cate stems and digitate compound leaves, with 3 or 5 obovate leaflets. The flowers 
grow in globose inflorescences have a calyx of 5 sepals and a corolla with 5 ovate 
and pink to white petals. The fruit that ripens at the end of summer and autumn is a 
blackberry, a head of little, one-seeded druplets.

Ecology and Distribution It grows on well-drained humid, acid or basic soils, 
both in sunny and full-shade habitats, usually at stream sides, near ways, hedges, 
and in the borders of woods up to 1500 m. It is common in Central and Western 
Europe and North Africa and introduced in America and Oceania. Other similar 
widespread species of Rubus in Central and Eastern Mediterranean countries are R. 
plicatus Weihe & Nees (=R. fruticosus L.) and R. sanctus Shreb.

Food Uses Blackberries are highly valued fruits in many Mediterranean countries. 
Those of this species are referred in Portugal (Carvalho and Telo 2013; Mendonça 
de Carvalho 2006), Spain (e.g. Menendez-Baceta et al. 2012; Pardo-de-Santayana 
2008; Tardío et al. 2006), Italy (Guarrera 2006; Hadjichambis et al. 2008; Lentini and 
Venza 2007), Morocco (Nassif and Tanji 2013), and Tunisia (Le Floc’h 1983). They 
are usually eaten raw (Carvalho and Telo 2013; Lentini and Venza 2007; Parada et al. 
2002), both directly in the field or as a dessert when brought home, and also smashed 
with sugar (Pardo-de-Santayana 2008; Tardío et al. 2002), and used to prepare jams, 
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jellies, and desserts (Le Floc’h 1983; Tardío et al. 2006). Blackberries are commonly 
used to elaborate beverages as well. The fruits are macerated in liquor or anisette (e.g. 
Blanco 1998; Guarrera 2006; Hadjichambis et al. 2008; San Miguel 2004). They can 
be also smashed and mixed with wine and sugar to elaborate the so-called blackberry 
wine (Ferrández and Sanz 1993; Pardo-de-Santayana 2004; Tardío et al. 2002) or with 
water and sugar to prepare a refreshing beverage (Menendez-Baceta et al. 2012). In 
the north of Portugal, blackberries were added to grape juice to improve the colour and 
fermentation of wine, as grapes ripening is difficult in this region (Carvalho 2010).
The sour peeled young shoots are consumed as a vegetable in spring when they 
sprout. They are usually eaten raw in the field (e.g. Carrió 2013; González et al. 
2011a; Tardío et al. 2002) but can be also prepared in salads (e.g. Aceituno-Mata 
2010; Bonet and Vallès 2002; Verde et al. 1998), boiled like asparagus (Mulet 1991; 
Triano et al. 1998), and included in omelettes (e.g. Guarrera 2006; Tardío et al. 
2002). The shoots and young leaves are sometimes employed to elaborate liqueurs 
(Bonet and Vallès 2002; Lentini and Venza 2007).

Other Uses Besides its importance as a food plant, it has many other uses. Regard-
ing medicine, some of the medicinal applications are related to its food use, and 
therefore it is sometimes considered a food-medicine, at least in Spain and Portu-
gal. For instance, the consumption of the boiled or raw young shoots (Mulet 1991; 
Parada 2008; Pellicer 2001; Villar et al. 1987), the raw fruits (González-Tejero 
1989), and the wine prepared with them (Blanco 1996) are considered good rem-
edies to stop diarrhoea. The liqueur of the fruits is also drunk against digestive 
ailments (Arauzo et al. 2004; Blanco 1998; Velasco et al. 2010). The consumption 
of the young shoots is believed to have a depurative effect (Villar et al. 1987) and 
the jam to fight against iron deficiency (Akerreta 2009). Other remedies against 
diarrhoea, not so related with food use, are to drink the infusion or decoction of 
flowers (Carvalho 2010), leaves (Pardo-de-Santayana 2008), young shoots (Velasco 
et al. 2010; Villar et al. 1987) or fruits (González-Tejero 1989). Given its astringent 
properties, it is also used against skin disorders, such as healing wounds, applying 
the raw leaves (Aceituno-Mata 2010; Parada 2008), the dried leaves powder, or the 
decoction of the bark (Sánchez López et al. 1994). It has been also used against 
fever (Mulet 1991), diabetes (Sánchez López et al. 1994), haemorrhoids (Ferrández 
and Sanz 1993; Molina 2001; Fajardo et al. 2007), and many other complaints.

The bark is very flexible and was used for weaving baskets and tying brooms 
or many other things (e.g. Blanco 1998; Carvalho 2010; Guarrera 2006). In some 
localities the canes were used as fuel (Carvalho 2010; Velasco et al. 2010) and the 
fruits for making writing ink (Akerreta 2009; Verde et al. 1998).

Though brambles are considered weeds since they propagate easily in pastures 
roads or walls and are difficult to eradicate, they are also welcome or even planted 
to form thorny hedges (e.g. Blanco and Cuadrado 2000; Carvalho 2010).

Historical References The food use of different species of this genus is surely 
known since antiquity. Moreover, some of the medicinal uses registered in modern 
ethnobotanical works are already mentioned by Dioscorides in the first century AD 
(Osbaldeston 2000).

Food Composition Tables for raw fruits of Rubus ulmifolius (Tables 13.85, 13.86 
and 13.87).
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Table 13.85  Main constituents, per 100 g of fresh fruits of R. ulmifolius
Units Average Range References

Energy (calculated value) kcal 99 51–145 –
Moisture g 72.2 57.8–83.8 1, 2, 3, 4
Available carbohydrates g 16.1 8.28–23.8 4

 Soluble sugars (total) g 11.4 4.25–23.6 4
  Fructose g 7.02 2.35–17.8 4
  Glucose g 6.70 2.11–17.5 4
  Sucrose g 0.17 0.14–0.67 4

Dietary fibre g 11.5 7.05–16.0 4
 Insoluble fibre g 9.45 7.00–17.7 4
 Soluble fibre g 2.04 0.80–4.50 4

Proteins g 1.74 0.56–2.32 2, 4
Lipids g 0.52 0.19–1.41 2, 3, 4
Ash g 0.79 0.60–1.1 2, 4

 K mg 196 122–270 4
 Na mg 32 6.8–57.2 4
 Ca mg 78.4 45.6–111.2 4
 Mg mg 43 16.8–69.2 4
 Fe mg 1.16 0.69–1.64 4
 Cu μg 268 132–404 4
 Mn μg 1560 270–2850 4
 Zn μg 409 279–539 4

1 Egea et al. (2010) Spain, 2 Ganhão et al. (2010) Spain, 3 Morales et al. (2013) Spain (6 samples), 
4 Ruiz-Rodríguez (2014) Spain (6 samples)

Units Average Range References
Carotenoids

 β-carotene mg 0.38 0.36–0.40 1
 RAE (calculated value) µg 31 30–33 –

Vitamin C mg 23.0 10.0–33.8 2, 3, 4
 Ascorbic acid mg 15.7 3.66–29.3 1, 3, 4
 Dehydroascorbic acid mg 7.51 3.39–14.3 3, 4

Vitamin E
 α-tocopherol mg 3.38 1.92–4.84 3
 β-tocopherol mg 0.24 0.14–0.34 3
 γ-tocopherol mg 3.70 2.07–5.39 3
 δ-tocopherol mg 3.69 2.04–5.34 3

Organic acids
 Oxalic acid mg 98.1 66.1–130 3
 Malic acid mg 179 56.0–302 3
 Citric acid mg 46.6 17.8–75.4 3
 Fumaric acid mg 0.56 0.31–0.81 3
 Succinic acid mg 64.1 47.3–81.0 3

Phenolics (total) mg 478a 247–951 1, 2, 5
mg 608b 373–1345 4

 Phenolic acids mg 414a 156–967 4

Table 13.86  Vitamins and other constituents, per 100 g of fresh fruits of R. ulmifolius
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Units Average Range References
  Hydroxybenzoic acids mg 2.80a 2.47–3.13 5
  Hydroxycinnamic acids mg 14.5c 11.9–16.9 5

 Flavonols mg 29.5d 4.2–84.7 1, 3
 Anthocyanins mg 101e 89–123 5

mg 141f 68–301 4
1 Egea et al. (2010) Spain, 2 Jabłońska-Ryś et al. (2009), Poland, 3 Morales et al. (2013) Spain (6 
samples), 4 Ruiz-Rodríguez et al. (2014b) Spain (6 samples), 5 Ganhão et al. (2010) Spain
RAE retinol activity equivalents
a  Expressed as gallic acid
b Expressed as sum of individual compounds (gallic acid and cyanidin derivatives as major 
components)
c Expressed as chlorogenic acid
d Expressed as rutin
e Expressed as cyanidin-3-glucoside
f Expressed as pelargonidin-3-glucoside

Table 13.86 (continued)

Table 13.87  Fatty acids profile (% of total fatty acids) of fresh fruits of R. ulmifolius
Individual compounds Average Range References
12:0 0.69 0.64–0.74 1
14:0 0.25 0.25–0.25 1
16:0 7.02 6.89–7.15 1
16:1 0.15 0.15–0.15 1
18:0 3.39 3.2–3.58 1
18:1n − 9 22.6 21.6–23.6 1
18:2n − 6 48.6 47.6–49.5 1
18:3n − 3 13.3 13.1–13.5 1
20:0 0.36 0.34–0.38 1
20:1n − 9 0.08 0.06–0.10 1
22:0 0.73 0.73–0.73 1
24:0 0.47 0.43–0.51 1
Categories (calculated values)
SFA 13.8 13.1–13.3 –
MUFA 23.4 23.0–23.8 –
PUFA 63.4 62.9–63.9 –
n − 3 13.6 13.5–13.8 –
n − 6 49.8 49.4–50.1 –
n − 9 23.2 22.8–23.7 –

1 Morales et al. (2013) Spain (6 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (fruits of R. ulmifolius)

• High in dietary fibre (> 6 g/100 g).
• Low Na content (< 120 mg/100 g); it can be considered as a very good 

source of Mn and vitamin E; sometimes also a source of Cu and vitamin C.
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13.3.27 Rumex acetosa L. and R. papillaris Boiss. & Reut. 
(Polygonaceae)

Common Names Rumex acetosa: common sorrel, azeda (pt), acedera (es), oseille 
(fr), acetosa (it), hummaid (ar). R. papillaris is also known as acedera (es).

Description Both are perennial herbs up to 1–1.2 m, growing of a stout root, with 
basal leaves, long peciolate, lanceolate, and frequently arrow shaped. The leaves of 
R. papillaris are larger and narrower, with a papillose surface and usually divergent 
basal lobes. Little greenish to reddish flowers, grouped in branched inflorescences, 
bigger and more dense in the second species. The fruit is a trigonous nut, covered 
by rounded valves.

Ecology and Distribution R. acetosa typically grows in grasslands throughout 
Europe, though in drier Mediterranean regions it is restricted to wetter areas, such 
as river banks. R. papillaris grows in roadsides, pastures, and meadows in continen-
tal areas of the Iberian Peninsula, that is central Spain and northwest of Portugal.

Food Uses R. acetosa L. and other closely related sorrels less widely distributed 
in the Mediterranean region, such as R. intermedius DC, R. thyrsiflorus Fingerh, 
and R. papillaris (also known as R. thyrsiflorus subsp. papillaris (Boiss. & Reut.) 
Sagredo & Malag.), have a similar acid taste and consequently are used in the same 
way, though the majority of the ethnobotanical studies report the use of the first one. 
This species has been consumed in many Mediterranean countries, such as Portu-
gal (Carvalho 2010; Mendonça de Carvalho 2006), Spain (e.g. Pardo-de-Santayana 
2008; San Miguel 2004), Italy (Guarrera 2006; Hadjichambis et al. 2008; Picchi and 
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Pieroni 2005), Slovenia (Cerne 1992), Bosnia-Herzegovina(Redžić 2006), Albania 
(Hadjichambis et al. 2008), Palestine (Ali-Shtayeh et al. 2008), and Morocco (Nas-
sif and Tanji 2013). Its leaves and sometimes the tender stems were sucked or eaten 
raw, being typically consumed by children and shepherds (Carvalho 2010; Pardo-
de-Santayana 2008; Picchi and Pieroni 2005; San Miguel 2004). The leaves were 
also consumed raw in salads and cooked in soups (Carvalho 2010; Cerne 1992; 
Hadjichambis et al. 2008), with rice or pasta (Guarrera 2006), fried in olive oil (Ali-
Shtayeh et al. 2008), like side dishes (Cerne 1992), or even in vegetables mixes, 
such as the Italian pistic (Guarrera 2006).

The Iberian endemism R. papillaris has been traditionally consumed in continen-
tal areas of central Spain (Aceituno-Mata 2010; Blanco 1998; Tardío et al. 2005; 
Velasco et al. 2010). The tender and basal leaves were collected at the end of winter 
and in springtime, mainly in ploughed lands because the plants were more tender 
(Aceituno-Mata 2010). They were usually consumed raw as a snack, with bread, or 
in salads (Tardío et al. 2005; Tardío et al. 2006). Because of the acid-lemon flavour, 
they were mixed in salads with other wild species, such as Chondrilla juncea and 
Montia fontana (Aceituno-Mata 2010).

Other Uses The leaves of the common sorrel have been also used as fodder, espe-
cially for pigs (Carvalho 2005; González et al. 2011b; Guarrera 2006). The plant 
is considered as lightly toxic, surely due to its oxalic acid content (González et al. 
2011b; Guarrera 2006), and so it was previously cooked and mixed with other ingre-
dients (flour and bran) for feeding pigs (Carvalho 2005; González et al. 2011b) and 
not recommended for people with renal calculus.

Concerning medicinal properties, R. acetosa has been traditionally used against 
diarrhoea (Guarrera 2006; Velasco et al. 2010), heart diseases (Redžić 2006), and 
regarded as a blood purifier (Moll 2005; Villar et al. 1987). Similarly, it was used in 
veterinary as a digestive remedy and antihelminthic (González et al. 2011b; Velasco 
et al. 2010).

The common sorrel has been also used for dying (Guarrera 2006) and as a cos-
metic for removing spots and washing and caring the hands (Velasco et al. 2010).

The scarce references found for the Iberian sorrel seem to agree with some of the 
mentioned for the common sorrel, such as its use in animal feed (for pigs, chickens, 
goats, and sheep), and as a kind of cosmetic for washing the farmers hands with 
leaves after weeding (Aceituno-Mata 2010).

Historical References No historical reference can be attributed without any doubt 
to R. papillaris. However, some of them can be assigned to R. acetosa and other 
related taxa of this genus. Common sorrel has been used since antiquity and even 
cultivated in gardens, as referred by Dioscorides and Pliny the Elder, in the first 
century AD (Bostock and Riley 1855; Osbaldeston 2000). They also pointed out the 
medicinal properties of this cultivated plant and other wild related species, some 
being similar to those registered in modern ethnobotanical works.

Food Composition Tables for raw tender leaves of Rumex papillaris (Tables 13.88, 
13.89 and 13.90).
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Table 13.88  Main constituents, per 100 g of fresh tender leaves of R. papillaris
Units Average Range References

Energy (calculated value) kcal 33 22–46 –
Moisture g 89.1 87.8–90.7 1, 2
Available carbohydrates g 2.00 1.60–2.70 3
Dietary fibre g 4.40 4.00–5.00 3
Proteins g 2.40 1.60–3.50 3
Lipids g 0.66 0.16–1.11 2, 3
Ash g 1.00 0.40–1.30 3

 K mg 351 255–468 3
 Na mg 25.6 15.7–37.9 3
 Ca mg 60.3 36.9–89.7 3
 Mg mg 45.0 33.7–50.8 3
 Fe mg 1.00 0.40–1.20 3
 Cu μg 80 30–150 3
 Mn μg 750 410–1180 3
 Zn μg 360 240–420 3

1 Sánchez-Mata et al. (2012) Spain (2 samples), 2 Morales et al. (2014) Spain (5 samples), 3 Gar-
cía-Herrera (2014) Spain (5 samples)

Table 13.89  Vitamins and other constituents, per 100 g of fresh tender leaves of R. papillaris
Units Average Range References

Vitamin B9 (total folates) μg 187 177–197 1
Vitamin C mg 25.8 18.9–32.3 2, 3

 Ascorbic acid mg 14.3 3.15–22.5 2, 3
 Dehydroascorbic acid mg 11.0 2.85–16.9 2, 3

Vitamin E
 α-tocopherol mg 1.29 0.85–1.73 3
 β-tocopherol mg 0.05 0.03–0.07 3
 γ-tocopherol mg 0.34 0.21–0.47 3
 δ-tocopherol mg nd – 3

Organic acids
 Oxalic acid mg 251 80.5–271 2, 3
 Glutamic acid mg 253 185–321 3
 Malic acid mg 117 9.87–320 2, 3
 Citric acid mg 30.3 nd–100 2, 3
 Fumaric acid mg nd – 2, 3

Phenolics (total) mg 104a 99.8–108 3
 Flavonoids mg 39.5b 36.2–42.7 3

1 Morales et al. (2015) Spain (5 samples), 2 Sánchez-Mata et al. (2012) Spain (2 samples), 
3  Morales et al. (2014) Spain (5 samples); nd non-detected values
a  Expressed as gallic acid
b Expressed as catechin
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Table 13.90  Fatty acids profile (% of total fatty acids) of fresh tender leaves of R. papillaris
Individual compounds Average Range References
12:0 0.10 0.08–0.12 1
14:0 0.51 0.16–0.86 1
16:0 11.2 10.9–11.5 1
16:1 0.20 0.11–0.29 1
18:0 0.80 0.74–0.86 1
18:1n − 9 5.80 5.66–5.94 1
18:2n − 6 22.8 22.6–23.2 1
18:3n − 3 51.8 51.6–51.9 1
20:0 0.27 0.12–0.42 1
20:1n − 9 0.19 0.17–0.21 1
22:0 0.76 0.72–0.80 1
24:0 1.18 1.14–1.22 1
24:1n − 9 0.05 0.04–0.06 1
Categories (calculated values)
SFA 15.5 14.5–15.4 –
MUFA 6.6 6.4–6.8 –
PUFA 77.9 77.8–79.1 –
n − 3 54.1 53.9–55.0 –
n − 6 23.8 23.9–24.1 –
n − 9 6.4 6.3–6.5 –

1 Morales et al. (2012b) Spain (4 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids,

Remarks (tender leaves of R. papillaris)

• Low energy value (< 40 kcal/100 g).
• Source of dietary fibre (> 3 g/100 g).
• High proportion of PUFA and n − 3 fatty acids content, compared to other 

vegetables.
• Very low Na content (< 40 mg/100 g); it can be considered as a source of 

Mn and vitamins C and B9 (folates); sometimes also a source of K.
• It may reach high oxalates levels; boiling is recommended for general 

population.
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13.3.28 Rumex pulcher L. (Polygonaceae)

Common Names Fiddle dock, romaza (es), patience élégante (fr), romice (it), 
štavljak (hr), xinidia (el), ekşilik (tr), hummaid (ar).

Description Perennial and tap-rooted herb with basal leaves up to 14 cm long, 
dark green, peciolate, oblong, rounded above, and often with a narrow middle in the 
shape of a fiddle. Open inflorescence with many branches up to 70 cm, with little 
greenish flowers in clusters. The fruit is a trigonous brown nut, covered by thick 
valves, reticulate and toothed, with up to 9 teeth almost spiny.

Ecology and Distribution Ruderal plant that grows in almost all types of soils, 
in waste places, roadsides, 0–2000 m. Flowering time usually from April to July. 
Mediterranean region, centre and west of Europe, west of Asia, widespread as a 
weed in all the temperate regions of the world.

Food Uses It is a wild vegetable traditionally consumed in some Mediterranean 
countries, as recorded in Spain (e.g. González et al. 2011a; Rivera et al. 2005; Tar-
dío et al. 2006), France (Marco et al. 2003), Italy (Bianco et al. 2009; Picchi and 
Pieroni 2005), Croatia (Łuczaj et al. 2013a), Greece (Hadjichambis et al. 2008), 
Turkey (Kültür 2008; Ertuğ 2014), Cyprus (Della et al. 2006), and Jordan (Al-
Qura’n 2010). Its tender basal leaves are collected mainly in springtime, although 
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they can also be gathered during mild winters (González et al. 2011a; Tardío 2010). 
Because of its strong taste, this species is generally consumed cooked, and it is 
often sweetened through repeated boiling and discarding the boiling water (Tardío 
2010). Traditional recipes of fiddle dock with legumes have been reported both in 
Cyprus—xinopoureka—(Della et al. 2006; Hadjichambis et al. 2008), and Spain—
potaje, popularly consumed during Lent—(Tardío 2010). This association of its 
consumption with Lent is also found in Italy (Picchi and Pieroni 2005). They are 
also prepared in wild vegetables mixtures at least in Greece, Italy, and Croatia (Had-
jichambis et al. 2008; Łuczaj et al. 2013a; Picchi and Pieroni 2005), such as the 
Italian pistic (a vegetable dish from the region of Friuli elaborated with a mix of up 
to 54 wild vegetables), and the Croatian svakober, which translates as “pick all”, 
where the plants are boiled for 20–30 min, strained and sprinkled with olive oil, and 
served as a side dish. These mixes are sometimes used as stuffing in vegetable pies 
(Al-Qura’n 2010; Della et al. 2006). In Cyprus these pies, which are called pittes, 
include up to 11 plants that are boiled or fried along with rice or pourgouri (like 
couscous) and spices (Della et al. 2006). This species has been also consumed in 
omelettes (Benítez 2009; Picchi and Pieroni 2005), used for preparing a sauce to 
accompany meat (Verde et al. 2003), and more occasionally eaten raw in salads (Al-
Qura’n 2010; Bonet and Vallès 2002).

Other Uses Although this plant has been mainly used as a wild green, it has other 
minor uses in medicine and ethnoveterinary. The leaves, both eaten as a vegetable 
or in infusion, and also the flowers and fruits, have been traditionally considered 
as digestive, anti-diarrhoeic, and anti-catarrhal in several Spanish regions (Fajardo 
et al. 2007; Molero Mesa et al. 2001; Molina 2001; Rivera et al. 2005; Sánchez 
López et al. 1994; Verde et al. 2003). As registered by Blanco (2002), poultices 
made with the leaves were used against boils and infected grains, along with the 
leaves of the white henbane ( Hyoscyamus albus L.). In ethnoveterinary it has been 
employed to treat urogenital myiasis (González et al. 2011b) and respiratory affec-
tions (Velasco et al. 2010).

It is also considered a lightly toxic species (Benítez 2009), which can cause dras-
tic hypotension when abusively used (Agelet and Vallès 2003).

Its leaves were also used as animal fodder (Aceituno-Mata 2010; Fajardo et al. 
2007) and, in times of scarcity, as a tobacco substitute (Criado et al. 2008; Sánchez 
López et al. 1994; Tardío et al. 2002; Velasco et al. 2010; Verde et al. 2001).

Historical References Some species of this genus (with the name of lapathum 
and other related ones), were described by Dioscorides and Pliny the Elder (first 
century AD), pointing out their medicinal properties and their use as a vegetable-
medicine (Bostock and Riley 1855; Osbaldeston 2000). Some of these attributed 
properties are very similar to those registered in modern ethnobotanical works. The 
consumption like spinach of this wild vegetable in central Spain, especially in times 
of scarcity, is mentioned, together with other species, by Cienfuegos (1627).

Food Composition Tables for basal leaves of Rumex pulcher, raw (Tables 13.91, 
13.92 and 13.93) and boiled (Tables 13.94 and 13.95).
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Table 13.92  Vitamins and other constituents, per 100 g of fresh tender leaves of R. pulcher
Units Average Range References

Vitamin B9 (total folates) μg 478 440–529 1
Vitamin C mg 40.8 28.7–46.5 2, 3

 Ascorbic acid mg 25.5 16.6–30.8 2, 3
 Dehydroascorbic acid mg 15.9 4.27–22.3 2, 3

Vitamin E
 α-tocopherol mg 0.44 0.42–0.46 3
 β-tocopherol mg 0.03 0.02 − 0.01 3
 γ-tocopherol mg 0.07 0.07–0.07 3
 δ-tocopherol mg nd – 3

Organic acids
 Oxalic acid mg 523 57.7–730 2, 3
 Glutamic acid mg nd – 3
 Malic acid mg 17.5 3.21–34.3 2, 3
 Citric acid mg 79.5 11.0–121 2, 3
 Fumaric acid mg 50.0 Traces–100 2, 3

Phenolics (total) mg 73.4a 68.1–78.8 3
 Flavonoids mg 26.1b 25.2–26.9 3

1 Morales et al.(2015) Spain (4 samples), 2 Sánchez-Mata et al. (2012) Spain (2 samples), 3 
Morales et al. (2014) Spain (4 samples)
nd non-detected values
a  Expressed as gallic acid
b Expressed as catechin

Table 13.91  Main constituents, per 100 g of fresh tender leaves of R. pulcher
Units Average Range References

Energy (calculated value) kcal 42 22–75 –
Moisture g 86.4 69.0–89.1 1, 2
Available carbohydrates g 3.28 1.50–4.50 3
Dietary fibre g 5.45 4.00–12.6 3
Proteins g 3.00 1.90–5.50 3
Lipids g 0.61 0.10–1.03 3, 4
Ash g 1.70 1.10–3.10 3

 K mg 591 382–955 3
 Na mg 106 33.4–132 3
 Ca mg 62.6 2.30–124 3
 Mg mg 40.6 2.20–71.0 3
 Fe mg 1.50 0.82–2.70 3
 Cu μg 110 50–240 3
 Mn μg 261 200–400 3
 Zn μg 563 370–1610 3

1 Sánchez-Mata et al. (2012) Spain (2 samples), 2 Morales et al. (2014) Spain (4 samples), 3 
García-Herrera (2014) Spain (5 samples), 4 Morales et al. (2012b) Spain (4 samples)
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Table 13.93  Fatty acids profile (% of total fatty acids) of fresh tender leaves of R. pulcher
Individual compounds Average Range References
12:0 0.23 0.21–0.25 1
14:0 0.39 0.38–0.40 1
16:0 9.30 9.19–9.41 1
16:1 0.21 0.20–0.22 1
18:0 1.73 1.70–1.76 1
18:1n − 9 4.22 4.21–4.23 1
18:2n − 6 17.0 16.9–17.2 1
18:3n − 3 62.9 62.9–63.0 1
20:0 0.44 0.37–0.51 1
20:1n − 9 0.14 0.13–0.15 1
22:0 0.91 0.84–0.98 1
24:0 0.90 0.84–0.96 1
24:1n − 9 0.06 0.03–0.09 1
Categories (calculated values)
SFA 14.1 13.8–14.4 –
MUFA 4.8 4.7–4.8 –
PUFA 81.1 80.8–81.5 –
n − 3 63.9 63.5–64.3 –
n − 6 17.3 17.2–17.3 –
n − 9 4.5 4.5–4.6 –

1 Morales et al. (2012b) Spain (4 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (tender leaves of R. pulcher)

• Good source of dietary fibre (> 3 g/100 g).
• Good n − 3/n − 6 ratio (> 3).
• High proportion of PUFA and n − 3 fatty acids content, compared to other 

vegetables.
• It can be considered as a source of K and vitamins B9 (folates) and C.
• Very high content of oxalates: people with altered renal function should 

avoid this vegetable; boiling is recommended for general population.
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Table 13.94  Main constituents of 100 g of boiled of tender leaves of R. pulcher
Units Average Range References

Energy (calculated value) kcal 18 17–19
Moisture g 90.9 90.0–91.8 1
Available carbohydrates g 2.00 1.90–2.10 1
Dietary fibre g 4.40 4.30–4.50 1
Proteins g 0.30 0.30–0.30 1
Lipids g 0.03 0.03–0.03 1
Ash g 0.80 0.80–0.80 1

 K mg 206 186–226 1
 Na mg 29.1 28.9–29.3 1
 Ca mg 107 97.4–115.8 1
 Mg mg 26.9 25.1–28.7 1
 Fe mg 1.10 0.92–1.28 1
 Cu μg 80 70–90 1
 Mn μg 200 180–220 1
 Zn μg 180 150–210 1

1 García-Herrera (2014) Spain

Table 13.95  Vitamins and other constituents, per 100 g of boiled of tender leaves of R. pulcher
Units Average Range References

Vitamin C mg 21.6 20.7–22.47 1
 Ascorbic acid mg 20.4 19.7–21.03 1
 Dehydroascorbic acid mg 1.25 0.95–1.55 1

Vitamin B9 (total folates) μg 191 178–204 1
Organic acids

 Oxalic acid mg 290 288–292 1
 Glutamic acid mg nd – 1
 Malic acid mg nd – 1
 Citric acid mg 30 30–30 1
 Fumaric acid mg Traces – 1

1 Morales (2011) Spain; nd non-detected values

Remarks (tender leaves of R. pulcher)

• Very low energy value (< 25 kcal/100 g).
• Very low Na amount (< 40 mg/100 g).
• Still good source of dietary fibre and vitamin C after boiling.
• Boiling reduces the high level of oxalic acid.
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13.3.29 Scolymus hispanicus L. (Asteraceae)

Common Names Golden thistle, cangarinha (pt), cardillo (es), chardon d’Espagne 
(fr), cardoncello silvatico (it), ascolimpros (gr), şevketi bostan (tr), garnina (ar).

Description Prickly perennial herb, up to 80 cm, that has a rosette of basal leaves 
deeply divided, with spiny margins, pale or red-coloured veins, and a thickened 
midrib. The stems have prickly dentate wings and rigid leaves. The flower heads 
(capitula) appear in the axils of the upper leaves, surrounded by an involucre of 
bracts ending in a sharp point. All the flowers are ligulate, golden-yellow. The fruits 
(achenes) are 2–3 mm length, with a pappus of hairs forming a short corona.

Ecology and Distribution It grows in uncultivated agricultural fields, roadsides, 
waste places, and nitrified lands, on almost all types of soils, the bigger specimens 
obtained on sandy soils with some moisture. It has a circum-Mediterranean distribu-
tion, extending also to northwestern France and the Canary Islands.

Food Uses Different parts of this plant have been traditionally consumed, espe-
cially the midribs of the tender basal leaves and the outer part of the root. The whit-
ish and fleshy midribs are eaten either raw as a snack, raw in salads, or much more 
frequently cooked, in most of the Mediterranean countries, such as Portugal (Barão 
and Soveral 2010; Mendonça de Carvalho 2006), Spain (e.g. Cobo and Tijera 2011; 
Tardío et al. 2006), Italy (e.g. Guarrera 2006; Nebel et al. 2006), Greece (Hadji-
chambis et al. 2008; Leonti et al. 2006), Cyprus (Della et al. 2006), Turkey (Dogan 
2012; Ertuğ 2014), Tunisia (Le Floc’h 1983), and Morocco (Nassif and Tanji 2013). 
It is one of the most appreciated wild vegetable in many of these countries, being 
even considered as a part of the Mediterranean culinary heritage (e.g. Picchi and 
Pieroni 2005). Bundles of peeled basal leaves of this thistle can be found in local 
markets throughout the Mediterranean basin. It is occasionally cultivated even now-
adays, at least in the south of Spain and Italy (COAGRICO 2014; Laghetti 2009).

The process of peeling the leaves, that is, the elimination of their greenish and 
spiny parts, is usually carried out by hand, with a scraping movement of three fin-
gers of one hand from the base to the apex of each leaf, while the other hand holds 
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the bottom of the rosette. If done with determination and with a little practice, punc-
tures are minimal (Tardío et al. 2002). The midribs are washed, sliced, and usually 
boiled in water with salt, being next prepared in different ways, such as sautéed with 
garlic and ham, fried in batter, with scrambled eggs or in omelettes, for stuffing pies 
like the South-Italian verdhët, etc. (Guarrera 2006; Hadjichambis et al. 2008; Picchi 
and Pieroni 2005; Tardío 2010). They have been also commonly used as a vegetable 
garnish for other dishes, like the Spanish cocido (Tardío et al. 2006) or the North 
African couscous (Le Floc’h 1983).

The consumption of the root, mentioned by Theophrastus in third century BC, 
is very rare nowadays in Spain, with only two recent ethnobotanical references 
(Tejerina 2010; Velasco et al. 2010). Neither it seems to be a common use in Italy, 
Turkey, and Greece, being almost reduced to the Greek island of Crete (Dogan 
2012; Guarrera 2006; Hadjichambis et al. 2008), where the outer part of the root is 
consumed in a typical Crete recipe with lamb (Dogan 2012).

Other food uses have been described for the flowers of this species. The tra-
ditional use of the flowers as a saffron substitute, documented by Clusius in the 
sixteenth century in Spain (Clusius 1576), only has been recently registered in the 
province of Madrid (Aceituno-Mata 2010; Tardío et al. 2005), though completely 
abandoned. The flowers were also employed as preservative, to curdle milk for 
making cheese or curd in several parts of Spain (Aceituno-Mata 2010; Criado et al. 
2008; Galán 1993; Pellicer 2001; Perera López 2005) and Italy (Picchi and Pieroni 
2005). Besides curdling the milk, the dry flowers give the cheese a characteristic 
yellowish colour (Aceituno-Mata 2010).

Other Uses The infusion or decoction of the flowers to treat diarrhoea and other 
digestive problems have been widespread in Spain, both for humans or animals (e.g. 
Aceituno-Mata 2010; Benítez et al. 2010; Blanco and Cuadrado 2000; Velasco et al. 
2010). The use of this plant against fever has been mentioned in Italy (Guarrera 
2006) and Spain, where a decoction of the flowering plant was employed against 
malt fever (Benítez et al. 2010).

There are also many references of the use of this species as animal food (e.g. 
Guarrera 2006; Tejerina 2010; Velasco et al. 2010), being their leaves, as those of 
other thistles, highly prized by donkeys and also eaten by goats and sheep. The 
cooked basal leaves or the residuals from peeling them were also used to feed pigs 
(e.g. Aceituno-Mata 2010; Velasco et al. 2010).

Historical References The oldest known references are those of Theophrastus 
(371–287 BC) and Pliny the Elder (23–79 AD). Theophrastus told us that its root 
is eaten both raw and cooked, being juicier when the plant is flowering (Teofrasto 
1988). Pliny the Elder mentioned that it is eaten in the East and used by the poor, 
and finally that it is said to possess diuretic properties in a very high degree (Bos-
tock and Riley 1855). Clusius (1576) mentioned the edible use of the young plants 
with their root, either raw or in meat stews in the Spanish province of Salamanca.

Food Composition Tables for raw and peeled basal leaves of Scolymus hispanicus 
(Tables 13.96, 13.97 and 13.98).
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Table 13.96  Main constituents, per 100 g of fresh midribs of S. hispanicus
Units Average Range References

Energy (calculated value) kcal 38 13–89 –
Moisture g 84.1 79.2–92.7 1, 2, 3
Available carbohydrates g 3.40 1.10–9.20 2
Dietary fibre g 7.00 3.10–12.30 2
Proteins g 1.70 0.30–5.20 2
Lipids g 0.37 0.08–0.74 2, 4
Ash g 3.20 1.70–5.20 2

 K mg 1040 559–1772 2
 Na mg 39.1 11.2–65.3 2
 Ca mg 235 124–410 2
 Mg mg 93.9 17.5–210 2
 Fe mg 2.36 1.39–3.11 2
 Cu μg 90.0 50.0–130 2
 Mn μg 370 160–570 2
 Zn μg 500 360–920 2

1 Sánchez-Mata et al. (2012) Spain (2 samples), 2 García-Herrera et al. (2014b) Spain (4 samples), 
3 Morales et al. (2014) Spain (4 samples), 4 Morales et al. (2012b) Spain (4 samples)

Table 13.97  Vitamins and other constituents, per 100 g of fresh midribs of S. hispanicus
Units Average Range References

Carotenoids
 β-carotene mg 0.10 – 1
 Lutein mg 0.33 – 1
 RAE (calculated value) μg 8.08 – –

Vitamin B9 (total folates) μg 103 96.2–110 2
Vitamin C mg 12.6 0.91–22.0 1, 3, 4

 Ascorbic acid mg 1.11 Traces–22.0 3, 4
 Dehydroascorbic acid mg 2.73 0.91–3.24 3, 4

Vitamin E
 α-tocopherol mg 0.04 0.02–0.06 1, 4
 β-tocopherol mg 0.02 0.02–0.06 4
 γ-tocopherol mg 0.01 0.01–0.02 1, 4
 δ-tocopherol mg Traces – 4

Vitamin K μg 38.0 – 1
Organic acids

 Oxalic acid mg 485 14.6–955 3, 4
 Glutamic acid mg nd – 4
 Malic acid mg 54.9 26.9–93.2 3, 4
 Citric acid mg 31.3 3.16–64.0 3, 4
 Fumaric acid mg 1.29 nd–2.33 3, 4

Phenolics (total) mg 38.7a 20.0–56.0 1, 4
 Flavonoids mg 8.39b 7.27–9.51 4

1 Vardavas et al. (2006b) Crete, 2 Morales et al. (2015) Spain (4 samples), 3 Sánchez-Mata et al. 
(2012) Spain (2 samples), 4 Morales et al. (2014) Spain (4 samples)
RAE retinol activity equivalents; nd non-detected values
a  Expressed as gallic acid
b Expressed as catechin
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Table 13.98  Fatty acids profile (% of total fatty acids) of fresh midribs of S. hispanicus
Individual compounds Average Range References
12:0 0.24 0.23–0.25 1
14:0 0.89 0.79–1.00 1, 2
16:0 22.9 19.8–25.2 1, 2
16:1 1.63 1.28–1.83 1, 2
18:0 3.24 2.58–4.04 1, 2
18:1n − 9 7.50 6.34–8.58 1, 2
18:2n − 6 27.3 26.2–28.2 1, 2
18:3n − 3 28.6 26.6–30.5 1, 2
20:0 1.54 1.34–1.82 1, 2
20:2 0.21 0.19–0.23 1
22:0 1.53 0.75–2.44 1, 2
24:0 1.07 0.42–1.80 1, 2
24:1n − 9 0.27 0.10–0.33 1, 2
Categories (calculated values)
SFA 32.5 32.4–32.5 –
MUFA 9.9 8.5–11.3 –
PUFA 57.7 56.3–59.1 –
n − 3 29.5 27.4–31.7 –
n − 6 28.2 26.9–28.9 –
n − 9 7.9 7.0–9.4 –

1 Morales et al. (2012b) Spain (4 samples), 2 Vardavas et al. (2006a) Crete
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (midribs of S. hispanicus)

• It can reach high available carbohydrates content.
• Good source of dietary fibre (> 3 g/100 g).
• High ash level, with low Na content (< 120 mg/100 g).
• It can be considered as a source of K, Ca, and vitamin B9 (folates); some-

times also a source of Mg, Fe, and Mn.
• High content of oxalates: People with altered renal function should avoid 

this vegetable; boiling is recommended for general population.
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13.3.30 Silene vulgaris (Moench.) Garcke (Caryophyllaceae)

Common Names Bladder campion, colleja (es), silène commun (fr), strigoli (it), 
stroufouli (el), ecibücü (tr).

Description Perennial herbaceous plant, up to 80 cm tall, with woody rhizomes 
that sometimes produce a dense turf of stems. The leaves, always sessile and 
opposed, are bluish-green, glabrous, and lanceolate with tiny white teeth on edge. 
The flowers have white or pale pink petals with a slit in the end and a characteristic 
inflated calyx that persists in fruiting. Fruit in capsule with many kidney-shaped 
tiny seeds (1–2 mm).
It is a very plastic species, with several subspecies described, but the most common 
and frequently used is subsp. vulgaris.

Ecology and Distribution It can be found in humanized environments, such as 
roadsides, arable lands, grassy slopes, and even waste places, being much more 
frequent in lime soil. Native to most of Europe, especially in the Mediterranean 
region, nowadays it has been introduced in many other regions of the world, being 
even considered as a weed.

Food Uses The tender leaves and stems of this species have been widely consumed, 
either raw in salads or more frequently cooked, in many Mediterranean countries, 
such as Spain (e.g. Blanco and Cuadrado 2000; Fajardo et al. 2000; Mesa 1996; Tar-
dío et al. 2006; Velasco et al. 2010), France (Couplan 1989a; Couplan 1989b; Marco 
et al. 2003), Italy (e.g. Ghirardini et al. 2007; Guarrera 2006; Laghetti et al. 1994; 
Picchi and Pieroni 2005), Slovenia (Cerne 1992), Croatia (Łuczaj et al. 2013b), 
Bosnia-Herzegovina (Redžić 2006), Greece (Hadjichambis et al. 2008; Leonti et al. 
2006; Simopoulos 2004), Cyprus (Della et al. 2006), Turkey (Dogan 2012; Ertuğ 
2014), Lebanon (Marouf 2005), Egypt (Hadjichambis et al. 2008), and Morocco 
(Hadjichambis et al. 2008; Nassif and Tanji 2013). Though not widely, it was also 
used until recent times in other northern countries, such as in Poland, but abandoned 
nowadays (Łuczaj 2010).
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It has a soft flavour and can be consumed raw in salads. However, it is more fre-
quently eaten after cooking, either as a main vegetable in omelettes and as a stuff-
ing for different kind of pies or as an ingredient of other recipes, such as arroz con 
collejas (rice with bladder campion) or potaje, a typical Spanish dish with stewed 
chickpeas, beans, rice, and cod, often consumed during Lent. In several regions of 
Italy, it is also used in the elaboration of archaic recipes, such as the pistic of Friuli, 
the preboggion of Liguria, and the minestrella di Gallicano of Toscana, that are 
composed of a large number of wild vegetables (Picchi and Pieroni 2005). Other 
recipes with mixes of wild vegetables that include this species have also been regis-
tered in other Mediterranean countries, such as ensalada de matas and herbes bul-
lides in Spain (Tardío 2010) or beqoul in Morocco (Nassif and Tanji 2013).

Other Uses This plant was well known by the children of rural areas of Spain and 
Italy because they used to enjoy playing with the characteristic inflated calyxes, 
blowing them up on their hands or foreheads (e.g. Blanco and Cuadrado 2000; 
Laghetti et al. 1994; Picchi and Pieroni 2005; Velasco et al. 2010). Though not 
widely extended, some applications in popular medicine have been described in 
Spain and Italy, especially to aid in digestive disorders (González-Tejero 1989; 
Martínez-Lirola et al. 1997; Muntané 1991; Picchi and Pieroni 2005).

Historical References This species might be consumed since ancient times, but 
the earliest references we have found are from the seventeenth century in Spain 
(Cienfuegos 1627) and the eighteenth century in France (Garidel 1715, cited in 
Marco et al. 2003) and England (Bryant 1783). Cienfuegos, in the second vol-
ume (mss 3358: 521) of his manuscript work conserved at the Spanish National 
Library, mentioned its consumption together with other wild vegetables, such as 
Allium ampeloprasum L., Rumex pulcher L., and Anchusa azurea Mill., particularly 
important in times of scarcity. Bryant, in his Flora Diaetetica (1783), mentioned 
this species as one of the better ones, when boiled, for salads, and even proposed 
that it should be cultivated.

Food Composition Tables for young leaves and stems of Silene vulgaris, raw 
(Tables 13.99, 13.100 and 13.101) and boiled (Tables 13.102 and 13.103).
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Table 13.99  Main constituents, per 100 g of fresh young leaves and stems of Silene vulgaris
Units Average Range References

Energy (calculated value) kcal 34 17–56 –
Moisture g 85.9 86.6–88.5 1, 2, 3
Available carbohydrates g 2.32 1.03–3.90 1, 3
Dietary fibre g 4.36 2.60–6.63 1, 3
Proteins g 2.47 1.31–3.60 1, 3, 4
Lipids g 0.67 0.31–1.31 1, 3, 5
Ash g 1.53 0.20–4.33 1, 3

 K mg 601 410–1583 3, 5, 6, 7
 Na mg 22.4 5.90–114 3, 6, 7
 Ca mg 160 70.7–254 3, 5, 6
 Mg mg 50.4 24.2–109 3, 5, 6
 P mg 44.2 28.0–60.5 5, 6
 Fe mg 1.93 0.21–3.49 3, 5, 6
 Cu μg 144 10.0–367 3, 6
 Mn μg 709 540–1010 3, 5, 6
 Zn μg 408 110–538 3, 5, 6

1 Alarcón et al. (2006) Spain (10 samples), 2 Sánchez-Mata et al. (2012) Spain (2 samples), 3 
García-Herrera (2014) Spain (5 samples), 4 Ayan et al. (2006) Turkey, 5 Morales et al. (2012b) 
Spain (4 samples), 6 Zeghichi et al. (2003) Crete, 7 Egea-Gilabert et al. (2013) Spain (14 samples)

Units Average Range References
Carotenoids

 β-carotene mg 1.03 – 1
 Lutein mg 2.01 – 1
 RAE (calculated value) µg 85.7 – –

Vitamin B9 (total folates) μg 267 214–320 2
Vitamin C mg 25.5 10.8–27.7 1, 3, 4

 Ascorbic acid mg 17.1 8.4–27.7 1, 3, 4
 Dehydroascorbic acid mg 7.34 nd–13.9 3, 4

Vitamin E
 α-tocopherol mg 10.1 8.96–11.3 1, 5, 6
 β-tocopherol mg 0.31 0.26–0.36 6
 γ-tocopherol mg 0.40 0.09–0.76 1, 6
 δ-tocopherol mg 0.51 0.51–0.51 6

Vitamin K μg 172 – 1
Organic acids

 Oxalic acid mg 390 20.5–800 3, 4, 7
 Glutamic acid mg nd – 3
 Malic acid mg 25.7 nd–100 3, 4
 Citric acid mg 41.8 nd–130 3, 4
 Fumaric acid mg 1.13 nd–1.57 3, 4
 Succinic acid mg nd – 3

Table 13.100  Vitamins and other constituents, per 100 g of fresh young leaves and stems of S. 
vulgaris
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Units Average Range References
Phenolics (total) mg 61.9a 26.7–117.4 1, 5, 6

mg 68.7b 12.7–124 7, 8
mg ≈88.6c – 9

 Hydroxycinnamic acids mg 230b – 10
 Flavonoids mg 21.6d 16.1–27.1 6

  Anthocyanins mg 1.12e – 10
Nitrate mg 178 84.0–357 5, 7

1 Vardavas et al. (2006b) Crete, 2 Morales et al. (2015) Spain (5 samples), 3 Morales (2011) Spain 
(5 samples), 4 Sánchez-Mata et al. (2012) Spain (2 samples), 5 Zeghichi et al. (2003) Crete, 6 
Morales et al. (2012a) Spain (4 samples), 7 Egea-Gilabert et al. (2013) Spain (14 samples), 8 Con-
forti et al. (2011) Italy, 9 Gatto et al. (2011) Italy, 10 Vanzani et al. (2011) Italy
RAE retinol activity equivalents; nd non-detected values
a  Expressed as gallic acid
b Expressed as chlorogenic acid
c Expressed as sum of individual compounds (apigenin derivatives as major component)
d Expressed as catechin
e Expressed as cyanidin-3-glucoside

Table 13.100 (continued)

Table 13.101  Fatty acids profile (% of total fatty acids) of fresh young leaves and stems of S. 
vulgaris
Individual compounds Average Range References
12:0 0.44 0.30–0.58 1
14:0 1.41 0.92–1.78 1, 2
16:0 16.4 10.8–21.7 1, 2, 3
16:1 0.34 0.32–0.36 1
18:0 1.06 0.2–1.95 1, 2, 3
18:1n – 9 2.19 1.22–2.84 1, 2, 3
18:2n – 6 18.6 0.88–26.8 1, 2, 3
18:3n – 3 48.1 39.6–56.9 1, 2, 3
18:4n – 3 0.39 – 2
20:0 2.17 1.56–2.84 1
20:1n – 9 0.06 0.04–0.08 1
22:0 1.03 1.02–1.04 1
22:1n – 9 2.65 0.31–5.51 1, 3
24:0 2.06 1.61–2.39 1, 2
Categories (calculated values)
SFA 28.7 15.1–29.7 –
MUFA 2.4 1.3–7.8 –
PUFA 68.9 68.7–77.1 –
n – 3 43.5 41.0–54.1 –
n – 6 25.4 23.0–27.8 –
n – 9 2.2 1.3–7.8 –

1 Morales et al. (2012b) Spain (4 samples), 2 Vardavas et al. (2006a) Crete, 3 Alarcón et al. (2006) 
Spain (10 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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Table 13.102  Main constituents of 100 g of boiled young leaves and stems of S. vulgaris
Units Average Range References

Energy (calculated value) kcal 21 21–21 –
Moisture g 92.1 91.3–92.5 1, 2
Available carbohydrates g 1.12 1.10–1.13 2
Dietary fibre g 3.32 3.30–3.34 2
Proteins g 2.00 2.00–2.00 2
Lipids g 0.22 0.20–0.24 2
Ash g 0.80 0.80–0.80 2

 K mg 226 223–230 2
 Na mg 11.8 9.4–13.3 2
 Ca mg 67.9 62.5–73.3 2
 Mg mg 21.1 19.9–21.3 2
 Fe mg 0.47 0.45–0.49 2
 Cu μg 60 40–80 2
 Mn μg 600 590–610 2
 Zn μg 200 190–210 2

1 Morales (2011) Spain, 2 García-Herrera (2014) Spain

Table 13.103  Vitamins and other constituents, per 100 g of boiled young leaves and stems of S. 
vulgaris

Units Average Range References
Vitamin B9 (total folates) μg 153 133–173 1
Vitamin C mg 13.9 12.9–14.9 1

 Ascorbic acid mg 13.9 12.9–14.9 1
 Dehydroascorbic acid mg nd – 1

Organic acids
 Oxalic acid mg 450 420–480 1
 Glutamic acid mg nd – 1
 Malic acid mg nd – 1
 Citric acid mg 60 40–80 1
 Fumaric acid mg Traces – 1

1 Morales (2011) Spain; nd non-detected values

Remarks (young leaves and stems of S. vulgaris)

• In some cases, it may represent considered as a source of dietary fibre 
(> 3 g/100 g).

• Low Na content (< 120 mg/100 g); it can be considered as a source of K, 
Mn, and vitamins K and B9 (folates); sometimes also a source of Ca as well 
as vitamins C and E.

• High content of nitrate; not recommended for infants.
• High content of oxalates: People with altered renal function should avoid 

this vegetable; boiling is recommended for general population.
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Remarks (boiled young leaves and stems of S. vulgaris)

• Very low lipid content (< 0.5 g/100 g), very low energy value 
(< 25 kcal/100 g).

• Very low Na content (< 40 mg/100 g).
• Still a source of dietary fibre (> 3 g/100 g), Mn, vitamins B9 and C after 

boiling, but it also keeps high oxalic acid content.
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13.3.31 Silybum marianum (L.) Gaertner (Asteraceae)

Common Names Milk thistle, cardo borriquero (es), chardon Marie (fr), cardo 
mariano (it), nerokavlos (el), devedikeni (tr), shouk el-diman (ar).

Description Annual or biennial plant, depending on the climatic conditions, grow-
ing to more than 1.5 m. Large and thorny basal leaves, dark green usually marbled 
or streaked with characteristic white veins. Solitary and densely spiny heads located 
at the end of the stems, with purple and tubular flowers. The fruits (achenes) are 
black and smooth with a white pappus of simple hairs.

Ecology and Distribution It grows in fertile and well-drained soils, especially in 
disturbed areas. Native to the Mediterranean regions of Europe, North Africa, and 
the Middle East, it is also naturalized in other parts of the world.

Food Uses The consumption of several parts of this plant have been referred in 
many Mediterranean countries, such as Spain (e.g. Benítez 2009; Fajardo 2008; Tar-
dío et al. 2006), Italy (Guarrera 2006; Lentini and Venza 2007; Picchi and Pieroni 
2005), Greece (Couplan 2009b), Cyprus (Della et al. 2006), Turkey (Ertuğ 2014), 
Jordan (Tukan et al. 1998), Palestine (Ali-Shtayeh et al. 2008), Tunisia (Le Floc’h 
1983), and Morocco (Nassif and Tanji 2013).
As a vegetable, one of the parts most widely used are the midribs of the basal leaves 
that must be collected before the flowering shoot begins to grow. The leaves have 
to be peeled with a knife and a good pair of gloves to remove the leaf blades with 
their very sharp thorns. Though sometimes eaten raw in salads (Akerreta 2009; 
Fernández Ocaña 2000; Guarrera 2006), they are usually boiled in water and then 
consumed in different manners: dressed with olive oil (e.g. Della et al. 2006; Fajar-
do 2008; Picchi and Pieroni 2005; Tejerina 2010), fried (Della et al. 2006; Pellicer 
2004b; Picchi and Pieroni 2005), battered (Lentini and Venza 2007; Triano et al. 
1998), included in soups (Ali-Shtayeh et al. 2008; Guarrera 2006) or in different 
stews with legumes (e.g. Fajardo et al. 2007; Tardío et al. 2002; Tukan et al. 1998; 
Verde et al. 1998). The tender sprouts of the main stem and the portion of the stem 
near the inflorescence, collected before or during the flowering period and with 
outer parts removed, are chiefly eaten raw as a snack, directly in the field (e.g. Ali-
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Shtayeh et al. 2008; Couplan 2009b; Lentini and Venza 2007; Tardío et al. 2002) 
or even in salads (Guarrera 2006; Tardío et al. 2002). In addition, the immature and 
thorny inflorescences, after carefully removing their hardy thorns, were eaten as 
wild artichokes. They were mainly eaten raw by children (Mesa 1996; Rabal 2000; 
Tardío et al. 2002) and shepherds (Nassif and Tanji 2013), and, sometimes, also in 
salads (Tardío et al. 2002), cooked (Guarrera 2006; Lentini and Venza 2007), or in 
brine (Guarrera 2006). This wild vegetable was very well valued, especially when 
collected tender enough. It has a good flavour that resembles that of the artichokes. 
In Spain, it was often used in the past, especially in times of shortage after the Span-
ish Civil War, in the 1940s. Nowadays its consumption is almost abandoned.

The mature fruits, gathered in the summer, were also traditionally consumed, 
either raw as a snack in central Spain (Criado et al. 2008; Tardío et al. 2002), or 
roasted, in Jordan (Tukan et al. 1998). They are today used to produce silymarin (for 
medicinal purposes) and, as a by-product, an edible oil of good quality (Le Floc’h 
1983) and rich in vitamin E (El-Mallah et al. 2003).

Finally, its use as a preservative has also been described, with the flowers em-
ployed in several Spanish regions to curdle milk for making cheese or curd (e.g. 
Ferrández and Sanz 1993; Moll 2005; Parada 2008).

Other Uses Its medicinal use can be found in many different ethnobotanical refer-
ences from the Mediterranean countries. This species has been frequently consid-
ered a food-medicine, since its cooked or raw consumption is considered to have 
properties as laxative (Guarrera 2006), against liver problems and hypertension 
(Akerreta 2009), or blood circulation (Verde et al. 2003). However, the majority of 
the works referred the use of the fruits, mainly in decoction, against liver diseases, 
mentioned as choleretic and cholagogue (Akerreta 2009; Benítez 2009; Le Floc’h 
1983; Picchi and Pieroni 2005). The decoction of the inflorescences has also been 
employed against diarrhoea (Aceituno-Mata 2010; Parada et al. 2002), Malta fever, 
and liver protection (Benítez 2009).

Most ethnobotanical references report its use as animal food, at least in Italy 
(Guarrera 2006) and Spain (e.g. Criado et al. 2008; Moll 2005; Pellicer 2004b). In 
Spain, it is well known that donkeys are very fond of this plant (Criado et al. 2008), 
being one of its Spanish name cardo borriquero (ass thistle). It has been also used 
to feed pigs (Aceituno-Mata 2010; Ferrández and Sanz 1993) and the fruits for cage 
birds (Benítez 2009; Sánchez López et al. 1994).

Historical References Although this species has been probably consumed since 
ancient times, a few clear references of it can be found in historical sources, surely 
due to the unclear descriptions of these works. Dioscorides (first century AD) prob-
ably mentioned it when describing a broad and prickled plant, named Silybo, which 
was eaten newly sprung-up boiled with oil and salt (Osbaldeston 2000). Curiously, 
he did not mention its medicinal properties—only the emetic properties of the juice 
of the milk of thistle root.

Food Composition Tables for raw and peeled basal leaves of Silybum marianum 
(Tables 13.104, 13.105 and 13.106).
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Table 13.105  Vitamins and other constituents, per 100 g of fresh peeled basal leaves of S. 
marianum

Units Average Range References
Vitamin B9 (total folates) μg 41.7 11.7–71.6 1
Vitamin C mg 2.74 1.87–3.32 2, 3

 Ascorbic acid mg 0.36 nd–1.04 2, 3
 Dehydroascorbic acid mg 2.39 1.80–3.05 2, 3

Vitamin E
 α-tocopherol mg 0.04 0.04–0.04 3
 β-tocopherol mg Traces – 3
 γ-tocopherol mg 0.01 0.01–0.01 3
 δ-tocopherol mg 0.10 0.10–0.10 3

Organic acids
 Oxalic acid mg 960 171–1889 2, 3
 Glutamic acid mg nd – 3
 Malic acid mg 2.08 nd–4.71 2, 3
 Citric acid mg 1.16 nd–2.09 2, 3
 Fumaric acid mg 68.0 0.90–220 2, 3

Phenolics (total) mg 3.72a 3.36–4.08 3
 Flavonoids mg 1.13b 0.88–1.40 4

Nitrate mg 113 – 1
1 Morales et al. (2015) Spain (4 samples), 2 Sánchez-Mata et al. (2012) Spain (2 samples), 
3 Morales et al. (2014) Spain (4 samples), 4 Bianco et al. (1998) Italy (2 samples); nd non-detected 
values
a  Expressed as gallic acid
b Expressed as catechin

Table 13.104  Main constituents, per 100 g of fresh peeled basal leaves of S. marianum
Units Average Range References

Energy (calculated value) kcal 13 9–18 –
Moisture g 95.1 92.9–96.8 1, 2, 3, 4
Available carbohydrates g 1.10 0.50–1.70 3
Dietary fibre g 2.50 2.30–2.90 3
Proteins g 0.60 0.50–0.80 3
Lipids g 0.13 Traces–0.26 3, 5
Ash g 1.50 1.00–1.90 3

 K mg 718 432–1300 3
 Na mg 80.9 24.7–128 3
 Ca mg 132 42.0–171 3
 Mg mg 17.3 10.3–22.6 3
 Fe mg 0.50 0.40–0.50 3
 Cu μg 80.5 10.0–170 3
 Mn μg 100 30–210 3
 Zn μg 260 210–350 3

1 Bianco et al. (1998) Italy (2 samples), 2 Sánchez-Mata et al. (2012) Spain (2 samples), 3 García-
Herrera et al. (2014b) Spain (4 samples), 4 Morales et al. (2014) Spain (4 samples), 5 Morales et al. 
(2012b) Spain (4 samples)
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Table 13.106  Fatty acids profile (% of total fatty acids) of fresh peeled basal leaves of S. 
marianum
Individual compounds Average Range References
12:0 0.48 0.39–0.57 1
14:0 0.99 0.67–1.31 1
16:0 28.7 27.1–30.3 1
18:0 5.05 4.64–5.46 1
18:1n − 9 3.86 3.76–3.96 1
18:2n − 6 31.0 30.4–31.6 1
18:3n − 3 21.6 21.3–21.8 1
22:0 2.43 1.16–3.70 1
24:0 3.36 3.06–3.66 1
Categories (calculated values)
SFA 41.0 40.0–44.0 –
MUFA 3.9–4.1 –
PUFA 54.0 52.2–55.9 –
n − 3 21.6 21.3–21.8 –
n − 6 31.0 30.4–31.6 –
n − 9 3.9 3.8–4.0 –

1 Morales et al. (2012b) Spain (4 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Remarks (peeled basal leaves of S. marianum)

• High moisture content. Very low lipid content (< 0.5 g/100 g); very low 
energy value (< 25 kcal/100 g).

• It can be considered as a source of K; sometimes also a source of Ca and 
vitamin B9 (folates).

• Very high content of oxalates: People with altered renal function should 
avoid this vegetable; boiling is recommended for general population.
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13.3.32 Smilax aspera L. (Smilacaceae)

Common Names Rough bindweed, zarzaparrilla (es), salsepareille (fr), straccia-
braghe (it), gıcırdikeni (tr).

Description Perennial climbing herb, often woody below, dioecious. The stems 
are angled and more or less prickly, with alternate leaves; these are coriaceous and 
very variable in form, cordate, acute, ovate to sagittate, petiolate, with parallel veins 
and reticulate, usually with prickles in the petiole and principal veins. The little 6 
tepals flowers grow in axillary or terminal umbels. The fruit is a round berry, 7 mm 
in diameter, red or black, with 3 seeds.

Ecology and Distribution It grows climbing in forests and in its substitution 
scrublands, or in hedges. Its range of distribution covers all of the south of Europe, 
north of Africa, the Macaronesian region, and also in west and south of Asia.

Food Uses The young tender shoots have been traditionally consumed raw or 
cooked in the Mediterranean countries, at least in Spain (Cobo and Tijera 2011; 
Pellicer 2001), Italy (Guarrera 2006; Lentini and Venza 2007; Picchi and Pieroni 
2005), Slovenia (Cerne 1992), Bosnia-Herzegovina (Redžić 2006), Greece, Cyprus 
(Hadjichambis et al. 2008), and Turkey (Dogan 2012; Ertuğ 2014). As a vegetable, 
the tender shoots, sometimes with leaves, were eaten raw as a snack (Dogan 2012; 
Pellicer 2001), prepared in salads seasoned with oil and lemon (Lentini and Venza 
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2007), and more frequently cooked like asparagus (Cobo and Tijera 2011; Guarrera 
2006; Hadjichambis et al. 2008; Redžić 2006), in soups (Cerne 1992), roasted with 
onions and mixed with eggs (Dogan et al. 2004; Ertuğ 2004), fried alone or with 
eggs (Hadjichambis et al. 2008), or cooked with rice (Dogan 2012).

The shoots are also consumed as pickles (Dogan et al. 2004), sometimes after 
boiling in vinegar and preserving in oil (Guarrera 2006; Picchi and Pieroni 2005).

Similar to several American species of this genus, the European sarsaparilla has 
been used to elaborate beverages, at least in Spain. In some parts of southern Spain, 
its root was added (together with other ingredients) to a typical home-made liqueur 
known as resol (Arauzo et al. 2004; Benítez 2009; Sánchez-Romero 2003). As in 
other parts of the world, the refreshing drink sarsaparilla, made with carbonic water 
and the root extract of this species (and overall other American species) was very 
popular in some Spanish regions (Fernández Ocaña 2000; Guzmán 1997; Villar 
et al. 1987).

Other Uses As a medicinal plant it is considered a panacea, being used for a great 
number of diseases, at least in Italy and Spain (e.g. Benítez 2009; Guarrera 2006; 
Guzmán 1997). The leaves and especially the roots have been used mainly as 
digestive, diuretic, blood depurative, hypotensive, and against respiratory and skin 
diseases (Benítez 2009; Guarrera 2006; Guzmán 1997; Moll 2005; Pellicer 2001; 
Sánchez-Romero 2003; Villar et al. 1987).

It has also been used in veterinary medicine for healing wounds (Guarrera 2006). 
Their fruits (red) and roots (yellow) were used as dyer and also to make ink (Guar-
rera 2006).

Historical References Dioscorides (first century AD) described this species and 
mentioned that a decoction of the leaves and fruits is an antidote for deadly poi-
sons, taken as a drink beforehand (or afterwards), being used in mixes for antipoi-
son medicines (Laguna 1555). The more widespread use of the root of this species 
begun in the sixteenth century after the introduction in Europe of the Asian and 
American species of Smilax as a general tonic for treating several diseases, and 
especially as a cure for syphilis and rheumatism (Monardes 1574).

Food Composition Tables for raw tender shoots and leaves of Smilax aspera 
(Tables 13.107 and 13.108).

Units Average Range References
Energy (calculated value) kcal 100 86–113 –
Moisture g 64.1 61.9–66.4 1
Available carbohydrates g 9.92 8.76–11.1 1
Dietary fibre g 18.8 15.6–22.1 1
Proteins g 3.50 3.00–3.99 1
Lipids g 0.95 0.90–1.00 1
Ash g 2.44 2.27–2.61 1

 K mg ≈180 161–199 2
 Ca mg ≈353 17.5–689a 2

Table 13.107  Main constituents, per 100 g of fresh tender shoots and leaves of S. aspera
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Table 13.108  Vitamins and other constituents, per 100 g of fresh tender shoots and leaves of S. 
aspera

Units Average Range References
Vitamin E

 α-tocopherol mg ≈29.1 – 1
 β-tocopherol mg ≈4.5 – 1

1 Demo et al. (1998) Greece

Remarks (tender shoots and leaves of S. aspera)

• Low moisture content; high lipids and available carbohydrate content.
• High in dietary fibre (> 6 g/100 g).
• It may be a source of vitamin E.

Table 13.107 (continued)
Units Average Range References

 Mg mg ≈61.2 45.5–77.0 2
 Fe mg ≈1.66 1.01–2.31 2
 Mn μg ≈551 262–840 2
 Zn μg ≈2130 665–3605a 2

1 Cabiddu and Decandia (2000) Italy (8 samples), 2 Poschenrieder et al. (2012) Spain
a  The highest values were found in plants gathered near an ancient lead/barite mine
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13.3.33 Sonchus asper (L.) Hill (Asteraceae)

Common Names Prickly sow thistle, serralha áspera (pt), cerraja (es), laiteron 
epineux (fr), grespino spinoso (it), tsochos (el), eşekgevreği (tr), tifaf (ar).

Description Annual herb up to 2 m, with glabrous and spiny leaves. The young 
ones are pinnatifid with triangular lobes and form a basal rosette, the leaves of the 
flowering stem are auriculate, with rounded lobes that clasp the stem. The inflo-
rescences (capitula) grow at the end of the stems, up to 1.5 cm in diameter, yellow 
and ligulate flowers. Achenes around 3 mm, compressed and usually winged, with 
a deciduous pappus.

Ecology and Distribution It lives around cultivated grounds and in waste places, 
in all of Europe, north of Africa, and west Asia, now naturalized in other parts of the 
world, being considered a weed in agricultural systems.

Food Uses This wild vegetable has been traditionally consumed in the Mediter-
ranean countries, at least in Spain (Mulet 1991; Tardío et al. 2005; Tardío et al. 
2006; Velasco et al. 2010; Verde et al. 2003), Italy (Guarrera 2006; Hadjichambis 
et al. 2008; Lentini and Venza 2007; Leonti et al. 2006; Nebel et al. 2006; Picchi 
and Pieroni 2005), Croatia (Łuczaj et al. 2013b), Greece (Leonti et al. 2006), Tur-
key (Dogan 2012; Ertuğ 2004, Ertuğ 2014), and Morocco (Nassif and Tanji 2013). 
The edible parts are the basal leaves, and sometimes, the tender stems, collected in 
spring (Ertuğ 2004; Guarrera 2006; Hadjichambis et al. 2008; Lentini and Venza 
2007; Tardío et al. 2006), although in some areas only the peeled basal leaves are 
used (Hadjichambis et al. 2008; Nassif and Tanji 2013; Tardío et al. 2005).

They are consumed raw in salads (Dogan 2012; Guarrera 2006; Hadjichambis 
et al. 2008; Lentini and Venza 2007; Nassif and Tanji 2013; Tardío et al. 2005; 
Verde et al. 2003) and also cooked for preparing soups (Dogan 2012; Guarrera 
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2006; Lentini and Venza 2007), omelettes (Guarrera 2006; Verde et al. 2003), fried 
with onion and eggs (Dogan 2012), or used as pastry stuffing (Dogan 2012). It is 
sometimes boiled mixed with other herbs (Hadjichambis et al. 2008), as in some 
traditional recipes such as the Moroccan beqoul (mix of up to 20 wild vegetables), 
the Italian pistic (Guarrera 2006; Paoletti et al. 1995), and the pastissets de brosses, 
traditional vegetable pies from eastern Spain made with several Sonchus species 
(Mulet 1991).

Other Uses This species has also been employed as fodder for pigs, cows, sheep, 
goats, and rabbits (Guarrera 2006; Tardío et al. 2002; Velasco et al. 2010).

Some medicinal properties have been also reported. Its consumption raw in sal-
ads is considered to have depurative and diuretic effects (Guarrera 2006; Guzmán 
1997), and it has been recommended in western Turkey attributing antitumoral ac-
tivity (Polat and Satil 2012). Other medicinal uses recorded in the Italian folk medi-
cine include its use to treat high blood pressure, sore throat, wounds, sores and boils 
(or furuncles), and scorpion or insect bites (Guarrera 2006).

Historical References The edibility of Sonchus species is probably known since 
antiquity, being already mentioned by Dioscorides in the first century, who rec-
ognized two kinds of sónkhos, one more rough and prickly, the other more tender 
and edible (Laguna 1555), probably Sonchus asper and S. oleraceus, respectively 
(Osbaldeston 2000).

Food Composition Tables for raw leaves of Sonchus asper, (Tables 13.109, 13.110 
and 13.111).

Table 13.109  Main constituents, per 100 g of fresh tender leaves of S. asper
Units Average Range References

Energy (calculated value) kcal 37 34–40 –
Moisture g 86.4 85.3–87.5 1, 2
Available carbohydrates g 3.25 2.93–3.57 2
Dietary fibre g 1.98 1.87–2.09 2
Proteins g 3.56 3.34–3.78 2
Lipids g 0.68 0.61–0.75 2
Ash g 3.04 2.74–3.34 2

 K mg 511 440–633 1, 2
 Na mg 137 85.0–211 1, 2
 Ca mg 137 80.1–175 1, 2
 Mg mg 26.4 17.9–39.9 1, 2
 P mg 49.3 39.4–59.2 2
 Fe mg 2.98 2.20–3.76 2
 Cu μg 310 240–380 2
 Mn μg 880 780–980 2
 Zn μg 900 830–970 2

1 Bianco et al. (1998) Italy (2 samples), 2 Guil-Guerrero et al. (1998a) Spain (5 samples)
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Table 13.110  Vitamins and other constituents, per 100 g of fresh tender leaves of S. asper
Units Average Range References

Carotenoids (total) mg 8.00a 5.90–10.1 1
Vitamin B1 μg ≈18 4–32 2g

Vitamin B2 μg ≈86 71–101 2g

Vitamin B3 (niacin) μg ≈6 Traces–14 2g

Vitamin C (ascorbic acid) mg 62.8 53.8–71.8 1
Organic acids

 Oxalic acid mg 61.0 nd–141 1,3
Phenolics (total) mg ≈102b 100–103 4

mg 106c 93.6–119 5g

mg 308d 279–337 6
 Flavonoids mg 9.92e 8.91–10.9 5g

  Flavonols mg 9.21e 6.58–11.8 5g

 Proanthocyanidins mg 22.7f 21.2–24.2 5g

Nitrate mg 72.6 – 3
1 Guil-Guerrero et al. (1998a) Spain (5 samples), 2 Hussain et al. (2010) Pakistan, 3 Bianco et al. 
(1998) Italy (2 samples), 4 Conforti et al. (2011) Italy, 5 Afolayan and Jimoh (2009), South Africa, 
6 Gatto et al. (2011) Italy; nd non-detected values
a  Expressed as β-carotene
b Expressed as chlorogenic acid
c Expressed as tannic acid
d Expressed as sum of different compounds (cichoric acid as major component)
e Expressed as quercetin
f Expressed as catechin
g Plants from non-Mediterranean origin

Individual compounds Average Range References
14:0 3.44 – 1
16:0 15.3 – 1
16:1 0.99 – 1
18:0 2.01 – 1
18:1n − 9 3.34 – 1
18:2n − 6 9.9 – 1
18:3n − 3 39.9 – 1
18:3n − 6 0.47 – 1
18:4n − 3 0.09 – 1
20:0 3.39 – 1
20:1n − 9 nd – 1
22:0 2.96 – 1
24:0 1.42 – 1
Categories (calculated values)
SFA 34.3 – –
MUFA 5.2 – –

Table 13.111  Fatty acids profile (% of total fatty acids) of fresh tender leaves of S. asper



J. Tardío et al.430

Remarks (tender leaves of S. asper)

• Low energy value (< 40 kcal/100 g).
• High ash level.
• It may be considered as a source of K, Fe, Cu, Mn, and vitamin C; often 

also a source of Ca.

Individual compounds Average Range References
PUFA 60.5 – –
n − 3 48.2 – –
n − 6 12.5 – –
n − 9 4.0 – –

1 Guil-Guerrero et al. (1998a) Spain (5 samples); nd non-detected values
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Table 13.111 (continued)
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13.3.34 Sonchus oleraceus L. (Asteraceae)

Common Names Sow thistle, serralha (pt), cerraja (es), laiteron potager (fr), 
grespino comune (it), kostriš (hr), tsochos (el), kuzugevreği (tr), tifaf (ar).

Description Annual herb, up to 1 m. Basal leaves are glabrous, pinnatisect to 
pinnatifid, spineless, with dentate lobes; the stem leaves are usually simple and 
amplexicaul. The inflorescences (capitula), up to 1.5 cm, grow at the end of the 
branches in relatively numerous groups. Flowers are yellow and ligulate. The fruits 
are achenes, around 3 mm, rugose, with a persistent pappus.

Ecology and Distribution It lives around cultivated fields, pastures, roadsides, 
and waste places. Native to all of Europe, north of Africa, and west Asia, but intro-
duced as a weed in almost all the world.

Food Uses This species has been commonly employed as a wild green throughout 
the Mediterranean region, as recorded in Portugal (Mendonça de Carvalho 2006), 
Spain (e.g. Parada et al. 2011; Rivera et al. 2005; Tardío et al. 2006), Italy (e.g. 
Guarrera 2006; Nebel et al. 2006; Picchi and Pieroni 2005; Signorini et al. 2009), 
Slovenia (Cerne 1992), Croatia (Łuczaj et al. 2013b), Bosnia-Herzegovina (Redžić 
2006), Greece (Hadjichambis et al. 2008; Leonti et al. 2006; Zeghichi et al. 2003), 
Cyprus (Della et al. 2006), Turkey (Dogan 2012; Ertuğ 2014), Jordan (Al-Qura’n 
2010), Egypt (Hadjichambis et al. 2008), Tunisia (Le Floc’h 1983), and Morocco 
(Nassif and Tanji 2013).
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Its young leaves and stems are gathered in springtime before blooming. They 
are consumed raw in salads (e.g. Al-Qura’n 2010; Della et al. 2006; Dogan 2012; 
Guarrera 2006; Mendonça de Carvalho 2006; Nassif and Tanji 2013; Parada et al. 
2011; Pieroni et al. 2005; Tardío et al. 2006; Zeghichi et al. 2003), and cooked, both 
in soups (Guarrera 2006; Hadjichambis et al. 2008; Lentini and Venza 2007; Pieroni 
et al. 2005), with legumes (Mendonça de Carvalho 2006; Velasco et al. 2010), fried 
with eggs or in omelettes (Dogan 2012; Guarrera 2006; Hadjichambis et al. 2008; 
Lentini and Venza 2007; Verde et al. 2003), used as pastry stuffing (Dogan et al. 
2004; Dogan 2012; Zeghichi et al. 2003), boiled and prepared as a salad (Dogan 
2012; Guarrera 2006), or boiled and then fried with olive oil, garlic, and other in-
gredients (Pieroni et al. 2005). This species is commonly prepared in mixtures with 
other wild species, as recorded in different Mediterranean recipes. Some examples 
are the Italian misticanza, a salad with a mix of several raw vegetables, the foie and 
the chòrta vramena, mixtures of several wild herbs previously boiled (Guarrera 
2006; Nebel et al. 2006), the pastissets de brosses and the minxos, in eastern Spain, 
traditional vegetable pies of wild herbs (Mulet 1991; Tardío 2010), or the Moroccan 
beqoul, a mixture of up to 20 wild food plants used to prepare a springtime meat-
less dish (Nassif and Tanji 2013). Although it is generally collected for domestic 
consumption, it can also be found in some wild vegetable mixes sold in the markets 
of southern Croatia (Łuczaj et al. 2013b).

Its flowers have also been employed to curdle milk, as reported in some Italian 
regions (Guarrera 2006).

Other Uses This species has been used for medicinal purposes in a lesser extent. 
Its leaves are considered refreshing and depurative (Oltra 1998; Rivera et al. 2005), 
and they were directly consumed or prepared in infusion as a liver protector (Guar-
rera 2006; Mendonça de Carvalho 2006), or against pyrosis (Rivera et al. 2005). Its 
latex was topically used to treat warts (Benítez et al. 2010; Guarrera 2006; Menen-
dez-Baceta et al. 2014; Tardío et al. 2002), and the decoction of the whole plant 
against haemorrhoids (Benítez et al. 2010). Other medicinal uses are mainly related 
to intestinal and skin disorders (Ferrández and Sanz 1993; Guarrera 2006).

It has also been used as animal fodder, especially for rabbits, pigs, and hens, as 
recorded in Spain (Molina 2001; Tardío et al. 2002; Velasco et al. 2010) and Portu-
gal (Carvalho 2010; Mendonça de Carvalho 2006).

Historical References The species of this genus has been probably consumed 
since ancient times. Dioscorides in the first century, mentioned two kinds of sónk-
hos, one more rough and prickly, the other more tender and edible (Laguna 1555), 
probably Sonchus asper and S. oleraceus (Osbaldeston 2000).

Food Composition Tables for raw leaves of Sonchus oleraceus (Tables 13.112, 
13.113 and 13.114).
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Table 13.112  Main constituents, per 100 g of fresh tender leaves of S. oleraceus
Units Average Range References

Energy (calculated value) kcal 33 16–56 –
Moisture g 87.6 83.0–91.9 1, 2, 3, 4, 5, 6
Available carbohydrates g 2.29 0.94–4.20 3, 4, 5
Dietary fibre g 3.37 2.60–5.57 3, 4, 5
Proteins g 2.22 1.11–3.48 3, 4, 5, 7
Lipids g 0.60 0.20–1.28 3, 4, 5, 7, 8
Ash g 2.17 1.58–3.00 2, 3, 5, 7

 K mg 481 308–790 2, 3, 4, 5, 7, 9
 Na mg 144 43.0–270 2, 3, 4, 5, 9
 Ca mg 131 32.0–280 2, 3, 4, 5, 9
 Mg mg 43.3 17.4–230 2, 3, 4, 5, 7, 9
 P mg 60.4 35.0–85.9 7, 9
 Fe mg 2.85 0.57–5.62 2, 3, 4, 5, 7, 9
 Cu μg 249 20–580 3, 5, 9
 Mn μg 881 370–1269 3, 5, 9
 Zn μg 597 176–840 3, 4, 5, 7, 9

1 Guil-Guerrero et al. (1997a) Spain (5 samples), 2 Bianco et al. (1998) Italy (2 samples), 3 Guil-
Guerrero et al. (1998a) Spain (5 samples), 4 Trichopoulou et al. (2000) Greece, 5 García Herrera 
et al. (2014b) Spain (5 samples), 6 Morales et al. (2014) Spain (5 samples), 7 Ayan et al. (2006) 
Turkey, 8 Guil-Guerrero et al (1996b) Spain (various samples), 9 Zeghichi et al. (2003) Crete

Units Average Range References
Carotenoids (total) mg 15.7a 12.1–18.4 1, 2, 3

 β-carotene mg 1.05 – 4
 Lutein mg 1.83 – 4
 RAE (calculated value) μg 87.5 – –

Vitamin B9 (total folates) μg 85.8 70.2–101 5
Vitamin C mg 38.7 10.1–86.0 1, 2, 3, 4, 6, 7

 Ascorbic acid mg 23.9 0.71–66.0 2, 7
 Dehydroascorbic acid mg 9.50 7.87–13.0 2, 7

Vitamin E
 α-tocopherol mg 0.74 0.29–1.75 4, 7, 8
 β-tocopherol mg 0.04 0.03–0.05 7
 γ-tocopherol mg 0.47 0.44–0.50 4, 7
 δ-tocopherol mg 0.01 0.01–0.01 7

Vitamin K μg 175 – 4
Organic acids

 Oxalic acid mg 436 98.0–840 2, 7
 Glutamic acid mg 43.7 41.2–46.0 7
 Malic acid mg 318 50.0–488 7
 Citric acid mg 13.2 12.1–14.3 7
 Fumaric acid mg 1.14 0.40–1.84 7

Phenolics (total) mg 56.8b 47.2–53.1 4, 7, 8
mg ≈217c 166–270 9, 10

Table 13.113  Vitamins and other constituents, per 100 g of fresh tender leaves of S. oleraceus
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Units Average Range References
mg ≈220d 196–244 11

 Hydroxycinnamic acids mg 474c – 12
 Flavonoids mg 14.8e 13.8–15.8 7

mg 34.4d – 13
mg ≈90.6c 89.6–91.5 9

  Anthocyanins mg 3.59f – 12
Nitrate mg 100 51.5–191 2, 8, 14

1 Saleh et al. (1977), Egipt, 2 Guil-Guerrero et al. (1997a) Spain (5 samples), 3 Guil-Guerrero 
et al. (1998a) Spain (5 samples), 4 Vardavas et al. (2006b) Crete, 5 Morales et al. (2015) Spain (5 
samples), 6 Bruno et al. (1980) Italy, 7 Morales et al. (2014) Spain (5 samples), 8 Zeghichi et al. 
(2003) Crete, 9 Conforti et al. (2009) Italy, 10 Conforti et al. (2011) Italy, 11 Gatto et al. (2011) 
Italy, 12 Vanzani et al. (2011) Italy (4 samples), 13 Trichopoulou et al. (2000) Greece, 14 Bianco 
et al. (1998) Italy (2 samples) RAE retinol activity equivalents
a  Expressed as β-carotene
b Expressed as gallic acid
c Expressed as chlorogenic acid
d Expressed as sum of different compounds (cichoric acid and quercetin as major compound)
e Expressed as catechin
f Expressed as cyanidin-3-glucoside

Table 13.113 (continued)

Table 13.114  Fatty acids profile (% of total fatty acids) of fresh tender leaves of S. oleraceus
Individual compounds Average Range References
12:0 0.15 0.12–0.18 1
14:0 2.00 1–2.67 1, 2, 3
16:0 15.67 9.53–17.5 1, 2, 3
18:0 1.87 1.43–2.20 1, 2, 3
18:1n – 9 1.38 0.82–2.15 1, 2, 3
18:2n – 6 11.2 8.10–14.3 1, 2, 3
18:3n – 3 54.8 43.6–66.3 2, 3
18:3n – 6 0.27 0.2–0.34 2, 3
18:4n – 3 0.09 – 2
20:0 1.36 – 1, 2
20:1n – 9 0.87 1.5–1.60 2, 3
22:0 2.21 nd–3.01 1, 2
24:0 1.04 0.83–1.42 1, 2
24:1n – 9 1.40 – 3
Categories (calculated values)
SFA 26.2 18.2–34.4 –
MUFA 2.5 0.9–3.8 –
PUFA 71.3 62.8–80.9 –
n – 3 59.2 52.9–67.0 –
n – 6 12.1 10.2–13.9 –
n – 9 2.5 0.9–3.8 –

1 Morales et al. (2012b) Spain (4 samples), 2 Guil-Guerrero et al (1996b) Spain (various samples), 
3 Vardavas et al. (2006a) Crete
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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Remarks (tender leaves of S. oleraceus)

• In some cases, it may be considered as a source of dietary fibre (often 
> 3 g/100 g).

• High proportion of PUFA and n – 3 fatty acids, compared to other veg-
etables. Good n – 3/n – 6 ratio (> 4).

• It can be considered as a source of K, Mn, and vitamin B9 (folates); some-
times also a source of Ca, Fe, and vitamin C.

• High content of oxalates: people with altered renal function should avoid 
this vegetable; boiling is recommended for general population.

• It also may reach high nitrate content.
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13.3.35 Tamus communis L. (Dioscoreaceae)

Common Names Black bryony, lupios (es), respounchous (fr), tamaro (it), bljušt 
(hr, bs), avronies (el), dolanbaç (tr), jarma’ (ar).

Description Climbing, herbaceous plant, with twining stems till 2–4 m tall that 
dies down in winter but with a perennial and large tuber. The leaves are smooth, 
shining, and heart shaped with a long petiole. Dioecious plant, with greenish-yellow 
and inconspicuous flowers produced in longer racemes in the male plant, while in 
shorter clusters in the female one. The fruits are bright berries.

Ecology and Distribution It grows in moist and shady places, such as woodland 
edges, hedges, or scrub areas, usually in riversides, frequently associated with 
brambles. It is widely distributed in much of Europe, northwest Africa, and western 
Asia.

Food Uses The young shoots are traditionally consumed and popularly considered 
as a kind of wild asparagus in many countries of the Mediterranean area, such as 
Portugal (Carvalho 2010), Spain (e.g. Cobo and Tijera 2011; Tardío et al. 2006; 
Tejerina 2010), France (Couplan 2009a), Italy (Lentini and Venza 2007; Picchi and 
Pieroni 2005), Slovenia (Cerne 1992), Bosnia-Herzegovina (Redžić 2006), Croatia 
(Łuczaj et al. 2013b), Greece (Couplan 2009a), Turkey (Dogan et al. 2004; Ertuğ 
2004; Ertuğ 2014), and Palestine (Ali-Shtayeh et al. 2008). They are collected in 
spring, before the flowering period, from March to the mid of May in central Spain. 
The spears of this species have a quite bitter flavour, and hence some informants 
recommend to boil them immediately after gathering and to change the boiling water 
once or twice (Tardío et al. 2002). However, their bitter and characteristic flavour 
makes them very appreciated in many regions, such as central Spain, southwest of 
France or Pesaro in Italy, suggesting other additional reasons for this consumption.

As with other asparagus, they are usually boiled in water and subsequently pre-
pared in different ways (e.g. Couplan 2009a; Criado et al. 2008; Lentini and Venza 
2007; Picchi and Pieroni 2005; Tardío et al. 2002). The most common recipe is in 
omelettes or with scrambled eggs. However, several other recipes are also prepared: 
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boiled shoots in a salad seasoned with vinegar, olive or walnut oil, adding a hard-
boiled egg (Couplan 2009a; Tardío et al. 2002); fried in olive oil with garlic (after 
being boiled), sometimes also with breadcrumb (Tardío et al. 2002); in risottos or 
cooked with tomato sauce (Lentini and Venza 2007). In other cases, the cooking 
water is not eliminated and used for making a stew with potatoes or a kind of soup, 
like in Crete (Couplan 2009a), the Italian acquacotta (Picchi and Pieroni 2005), or 
the Spanish sopa de rabiacanes. In the latter, the young shoots are directly fried in 
olive oil with a spoon of chopped onion, paprika, minced garlic, and parsley. All of 
them have to be boiled in water, adding salt, a beaten egg, and finally covering with 
sliced bread (Cofradía Extremeña de Gastronomía 1985).

The spears of Tamus communis are still much appreciated. Nowadays, it is pos-
sible to taste them in some luxury restaurants, such as the traditional omelette ( torti-
lla de rabiacanes) in the “Parador Nacional de Jarandilla” (a state-run luxury hotel, 
built in a Castle), in the northern part of the Spanish region of Extremadura (Para-
dores 2014).

Other Uses Some informants tell that this plant should not be eaten in flowering 
or fruiting stage, because it is poisonous then. Certainly, the whole plant is lightly 
toxic due to its saponins content, though these compounds are poorly absorbed by 
the body and broken down by thorough cooking (PFAF 2014). The actually toxic 
parts are the red berries and the root tubers which also contain calcium oxalate 
crystals that if internally used can cause irritation of mucous membranes, digestive 
and respiratory disorders (Couplan 2009a). Because of this rubefacient effect, the 
fruits and roots have been externally used against musculo-eskeletic and rheumatic 
pain in several regions, such as Spain (Aceituno-Mata 2010; Tardío et al. 2002; 
Velasco et al. 2010), Portugal (Carvalho 2010) and Italy (Picchi and Pieroni 2005). 
The crushed fruits are either directly applied or macerated in alcohol, liquor, or lard. 
The informants warned that the treatment should be carefully done because it could 
be painful and cause blisters.

The decoction of the roots have been externally used in baths against feet and leg 
inflammations, both for humans and animals (Aceituno-Mata 2010).

Historical References The food use of this plant can be found in some references 
of the first century, such as those of Pliny the Elder (Bostock and Riley 1855) or 
Dioscorides (Laguna 1555). Following Dioscorides, their new stalks are eaten 
cooked as other garden vegetables, because of their medicinal properties. They are 
urinary, expel the menstrual blood, reduce the spleen, and are good for epilepsy, 
vertigo, and paralysis. Picchi and Pieroni (2005) comment that, according to the 
Italian herbalists of the sixteenth century, bundles of this asparagus were sold in the 
past in most of the Italian markets. The present consumption of this wild aspara-
gus and its appreciation in many Mediterranean regions could be a reminder of its 
ancient medicinal use.

Food Composition Tables for young shoots of Tamus communis, raw (Tables 
13.115, 13.116 and 13.117) and boiled (Tables 13.118 and 13.119).
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Table 13.115  Main constituents, per 100 g of fresh young shoots of T. communis
Units Average Range References

Energy (calculated value) kcal 46 25–85 –
Moisture g 85.2 82.0–89.0 1, 2, 3
Available carbohydrates g 5.20 1.80–11.7 1, 4

 Soluble sugars (total) g 1.28 1.26–1.30 1
  Fructose g 640 620–660 1
  Glucose g 300 280–325 1
  Sucrose mg 120 110–131 1
  Trehalose mg 223 73–373 1

Dietary fibre g 4.35 3.50–6.00 4
Proteins g 3.13 2.50–3.80 1, 4
Lipids g 0.49 0.10–1.28 1, 2, 4
Ash g 1.25 0.90–2.40 1, 2, 4

 K mg 371 178–562 4
 Na mg 18.5 12.1–32.0 4
 Ca mg 47.0 20.9–94.4 4
 Mg mg 22.4 14.8–42.0 4
 Fe mg 0.65 0.44–1.36 4
 Cu μg 130 60–170 4
 Mn μg 165 80–340 4
 Zn μg 745 630–990 4

1 Martins et al. (2011) Portugal, 2 Morales et al. (2012a). Spain (4 samples), 3 Sánchez-Mata et al. 
(2012) Spain (2 samples), 4 García-Herrera (2014) Spain (5 samples)

Units Average Range References
Carotenoids

 β-carotene mg 0.44 0.32–0.60 1
 Lutein mg 1.14 0.70–1.73 1
 Neoxanthin mg 1.19 0.77–1.90 1
 Violaxanthin mg 0.62 0.38–1.09 1
 RAE (calculated value) μg 36.6 26.6–49.9 –

Vitamin B9 (total folates) μg 38.1 37.2–39.0 2
Vitamin C mg 65.4 58.6–79.4 3, 4

 Ascorbic acid mg 45.2 25.9–57.1 3, 4, 5
 Dehydroascorbic acid mg 10.0 1.45–28.3 3, 4

Vitamin E
 α-tocopherol mg 1.41 0.12–3.00 6, 7
 β-tocopherol mg 1.42 0.09–2.75 6, 7
 γ-tocopherol mg 1.57 1.28–2.00 6, 7
 δ-tocopherol mg 0.23 0.08–0.44 6, 7

Organic acids
 Oxalic acid mg 67.4 9.65–90.0 3, 4, 5
 Quinic acid mg nd – 5
 Glutamic acid mg nd – 3

Table 13.116  Vitamins and other constituents, per 100 g of fresh young shoots of T. communis
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Table 13.117  Fatty acids profile (% of total fatty acids) of fresh young shoots of T. communis
Individual compounds Average Range References
12:0 0.09 0.06–0.12 1, 2
14:0 0.15 0.15–0.15 1, 2
16:0 15.9 14.8–17.0 1, 2
16:1 0.17 0.15–0.20 1, 2
18:0 0.97 0.96–0.98 1, 2
18:1n − 9 6.04 4.56–7.51 1, 2
18:2n − 6 42.2 42.0–42.5 1, 2
18:3n − 3 29.4 27.5–31.4 1, 2
18:3n − 6 0.45 nd–0.91 1, 2
20:0 0.23 0.21–0.24 1, 2
20:1n − 9 0.33 0.19–0.41 1, 2
22:0 0.88 0.75–1.02 1, 2
22:1 0.01 nd–0.02 1, 2
24:0 2.03 1.92–2.21 1, 2
24:1n − 9 0.05 0.04–0.06 2
Categories (calculated values)
SFA 20.5 19.6–21.4 –
MUFA 6.6 5.1–8.2 –
PUFA 72.8 70.4–75.3 –
n − 3 30.2 27.8–32.5 –
n − 6 43.1 42.5–43.7 –
n − 9 6.5 4.9–8.0 –

1 Martins et al. (2011) Portugal, 2 Morales et al. (2012b) Spain (4 samples); nd non-detected values
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Units Average Range References
 Malic acid mg 27.6 nd–80.0 3, 4, 5
 Shikimic acid mg ≈30.9 30.9–30.9 5
 Citric acid mg 274 nd–340 3, 4, 5

Phenolics (total) mg 49.5a 44.5–53.6 7
mg 220b 214–226 8

 Flavonoids mg 9.33c 7.89–10.77 7
mg 201b 195–207 8

1 García-Herrera et al. (2013) Spain (5 samples), 2 Morales et al. (2015) Spain (4 samples), 
3  Morales (2011) Spain (5 samples), 4 Sánchez-Mata et al. (2012) Spain (2 samples), 5 Pereira 
et al. (2013) Portugal, 6 Martins et al. (2011) Portugal, 7 Morales et al. (2012a). Spain (4 samples), 
8 Barros et al. (2011b)
RAE retinol activity equivalents; nd non-detected values
a  Expressed as gallic acid
b Expressed as sum of different compounds (chlorogenic acid, quercetin and kaempferol deriva-
tives as major components)
c Expressed as catechin

Table 13.116 (continued)
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Table 13.118  Main constituents of 100 g of boiled young shoots of T. communis
Units Average Range References

Energy (calculated value) kcal 22 21–23 –
Moisture g 90.6 90.6–90.6 1, 2
Available carbohydrates g 3.10 2.90–3.30 2
Dietary fibre g 3.30 3.30–3.30 2
Proteins g 0.50 0.50–0.50 2
Lipids g 0.08 0.08–0.08 2
Ash g 0.70 0.70–0.70 2

 K mg 202 180–225 2
 Na mg 14.9 13.2–16.6 2
 Ca mg 47.3 44.0–50.6 2
 Mg mg 15.2 14.0–16.4 2
 Fe mg 0.43 0.39–0.47 2
 Cu μg 90.0 70.0–110 2
 Mn μg 130 120–140 2
 Zn μg 440 400–480 2

1 Morales (2011) Spain, 2 García-Herrera (2014) Spain

Table 13.119  Vitamins and other constituents, per 100 g of boiled young shoots of T. communis
Units Average Range References

Vitamin C mg 40.9 39.3–41.5 1
 Ascorbic acid mg 36.2 35.4–37.0 1
 Dehydroascorbic acid mg 3.50 2.36–5.91 1

Organic acids
 Oxalic acid mg 80 70–90 1
 Glutamic acid mg nd – 1
 Malic acid mg nd – 1
 Citric acid mg 240 230–250 1
 Fumaric acid mg Traces – 1

1 Morales (2011) Spain; nd non-detected values

Remarks (raw young shoots of T. communis)

• It can reach high available carbohydrate content.
• Source of dietary fibre (> 3 g/100 g).
• High proportion of PUFA, compared to other vegetables. Unusual ratio 

n − 3/n − 6, favourable to n − 6.
• Citric acid as major organic acid. Low oxalate levels (< 100 mg/100 g).
• Very low Na amount (< 40 mg/100 g).
• It can be considered as a source of vitamins C and B9 (folates); sometimes 

also a source of vitamin E.
• Caution must be taken to avoid poisoning: Just tender shoots after boiling 

are edible (See comments in the section Other Uses).
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Remarks (boiled young shoots of T. communis)

• Very low lipid content (< 0.5 g/100 g), and energy value (< 25 kcal/100 g).
• Still good source of dietary fibre and vitamin C after boiling.
• Low oxalate levels (< 100 mg/100 g) and very low Na amount 

(< 40 mg/100 g).
• Caution must be taken to avoid poisoning: Just tender shoots, after boiling 

are edible.
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13.3.36 Taraxacum officinale Weber and T. obovatum (Willd.) 
DC. (Asteraceae)

Common Names Dandelion, dente de leão (pt), diente de león (es), dente di leone 
(it), maslačak (bs, hr), agrioradiki (el), karahindiba (tr), tarakhon (ar).

Description These species are perennial herbs with a taproot and a rosette of basal 
leaves, variable in shape, lanceolate to obovate, usually divided in acute and trian-
gular lobes that are the origin of many of their common names. In the case of T. 
obovatum the leaves are in general broader, obovate, contracted to the petiole, with 
a shallow toothed at the margin. The red or brown stems that produce the flower 
heads, reaching up to 40 cm in the first species, are shorter in the second one. The 
yellow flowers are all ligulate and the fruits are tuberculate to rugose achenes with 
a silky pappus with white hairs growing in many rows.

Ecology and Distribution Both species grow in similar habitats, in woods, mead-
ows, and pastures, roadsides and disturbed soils, the second being more frequent on 
calcareous soils. They flower from late winter to the beginning of summer. Taraxa-
cum officinale is a plant of European origin, naturalized in temperate zones world-
wide, whereas T. obovatum grows in the west of the Mediterranean region.

Food Uses The species of this taxonomically complicated genus are generally 
not differentiated by non-specialists and therefore used in the same way. In fact, 
most of the ethnobotanical references include the information about this genus 
under the quite ambiguous name of T. officinale. However, where both species are 
available, T. obovatum seems to be preferred by it less bitter taste and its shining 
appearance (Marco et al. 2003). The traditional consumption of the leaves, root, 
and inflorescences of Taraxacum species have been registered in many Mediter-
ranean countries, such as Spain (e.g. González et al. 2011a; Menendez-Baceta et al. 
2012; Parada et al. 2011; Tardío et al. 2006), France (Marco et al. 2003), Italy (e.g. 
Ghirardini et al. 2007; Lentini and Venza 2007; Picchi and Pieroni 2005), Slovenia 
(Cerne 1992), Croatia (Łuczaj et al. 2013b), Bosnia-Herzegovina (Redžić 2006), 
Turkey (Dogan 2012; Ertuğ 2004; Ertuğ 2014), Cyprus (Della et al. 2006), Jorda-
nia (Al-Qura’n 2010), and Morocco (Nassif and Tanji 2013). The consumption of 
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T. obovatum has been documented in Spain (Fernández Ocaña 2000; Verde et al. 
2003), France (Marco et al. 2003), and Morocco (Nassif and Tanji 2013).

The basal rosette of tender leaves are collected in spring and consumed as a veg-
etable, usually raw as a snack or in salads (e.g. Al-Qura’n 2010; Cerne 1992; Della 
et al. 2006; Dogan 2012; Guarrera 2006; Nassif and Tanji 2013; Parada et al. 2011; 
Picchi and Pieroni 2005; Tardío et al. 2006). They are also eaten cooked, in the same 
way as spinach or sautéed (Guarrera 2006), browned in a frying pan (Lentini and 
Venza 2007), in omelettes (Lentini and Venza 2007; Verde et al. 2003), soups (Cerne 
1992; Guarrera 2006), added to pastries (Dogan 2012), or cooked in the Moroccan 
beqoul (Nassif and Tanji 2013). They can be found in some markets of Croatia and 
Italy (Łuczaj et al. 2013b; Picchi and Pieroni 2005). The hollow and milky stems 
are also consumed raw as a snack (Menendez-Baceta et al. 2012; Tardío et al. 2005) 
and the root after boiling, seasoned with olive oil (Lentini and Venza 2007; Redžić 
2006). Additionally, in Sicilia and other regions of Italy, the buds are preserved like 
capers, and are used to flavour main courses (Lentini and Venza 2007), though this 
is considered a modern use by some authors (Picchi and Pieroni 2005).

Some beverages are elaborated with these plants, such as leaf juices (Velasco 
et al. 2010) or herbal teas with different parts of the plant. These digestive or tonic 
teas were made with the inflorescences (González-Tejero 1989), the leaves or the 
whole plant (Villar et al. 1987), the dry stems (Guzmán 1997), or the roasted root 
(Guarrera 2006; Menendez-Baceta et al. 2012), the latter two taken as a coffee sur-
rogate. A cold drink was also prepared with the flowers (Dogan et al. 2004).

Other Uses These species are traditionally considered as medicinal food. Their 
consumption as vegetable (or the infusion of its leaves and/or roots) is considered a 
liver and kidney protector (e.g. Benítez et al. 2010; Bonet and Vallès 2002; Guarrera 
2006; Picchi and Pieroni 2005; Rivera et al. 2005), and appropriate to treat diges-
tive or gastrointestinal diseases (Carvalho 2005; Guarrera 2006; Parada et al. 2011; 
Redžić 2006), because of its detoxifying and laxative effect (Calvo et al. 2011; 
Guarrera 2006; Lentini and Venza 2007). It has also been employed to treat other 
circulatory, respiratory, and urinary illnesses (Guarrera 2006; Velasco et al. 2010). 
In Portugal, the infusion of the dried inflorescences was employed to control cho-
lesterol (Carvalho 2005). The latex is topically used to treat warts, wounds, and cuts 
(Guarrera 2006; Menendez-Baceta et al. 2014).

The leaves were also employed as fodder for pigs, chickens, and rabbits (Acei-
tuno-Mata 2010; Velasco et al. 2010). The stems and the infrutescences were used 
in children games (Aceituno-Mata 2010; Guarrera 2006; Pardo-de-Santayana 2003; 
Picchi and Pieroni 2005).

Historical References The ancient knowledge and consumption of this group of 
species is evidenced by Theophrastus who mentioned them among the wild bitter 
vegetables (Teofrasto 1988). It could be also among the plants eaten in Egypt men-
tioned by Pliny the Elder (Bostock and Riley 1855).

Food Composition Tables for raw leaves of Taraxacum officinale (Tables 13.120, 
13.121 and 13.122).
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Table 13.121  Vitamins and other constituents, per 100 g of fresh leaves of T. officinale
Units Average Range References

Carotenoids (total) mg 3.59 3.00–4.18 1
Vitamin C (ascorbic acid) mg 30.2 8.00–62.2 1, 2a

Vitamin E
 α-tocopherol mg 3.52 3.25–3.78 2a

 β-tocopherol mg 0.13 0.11–0.16 2a

 γ-tocopherol mg 0.35 0.31–0.40 2a

Organic acids
 Oxalic acid mg 995 986–1003 2a

 Malic acid mg 957 928–986 2a

 Citric acid mg 138 138–138 2a

 Fumaric acid mg 4.00 4.00–4.00 2a

Phenolics (total) mg 272b 236–291 2a, 3
 Phenolic acids mg 193b 191–195 2a

 Flavonoids mg 43.3b 42.3–44.2 2a

Nitrate mg 29.6 – 4
1 Aliotta and Pollio (1981) Italy, 2 Dias et al. (2014) Portugal, 3 Gatto et al. (2011) Italy, 4 Bianco 
et al. (1998) Italy (2 samples) Italy (2 samples)
a  Taraxacum sect. Ruderalia
b Expressed as sum of compounds (cichoric acid as major component)

Table 13.120  Main constituents, per 100 g of fresh leaves of T. officinale
Units Average Range References

Energy (calculated value) kcal 84 81–87 –
Moisture g 83.8 77.1–88.6 1, 2a

Available carbohydrates g 16.2 15.9–16.3 2a

 Soluble sugars g 1.36 1.27–1.46 2a

  Fructose mg 60.6 56.4–64.8 2a

  Glucose mg 434 395–474 2a

  Sucrose mg 763 710–815 2a

Dietary fibre g 0.90 – 3
Proteins g 2.26 1.79–2.84 3, 4
Lipids g 0.62 – 2a

Ash g 1.12 0.29–0.95 3, 4, 5
 K mg 378 – 3, 4
 Na mg 6.67 – 3
 Ca mg 75.8 – 3, 4
 Mg mg 25.5 – 3, 4
 Fe mg 5.25 0.34–14.4 3, 5
 Cu μg 80.0 63.0–90.0 3, 5
 Mn μg 699 – 3, 4
 Zn μg 85.2 10.2–215 3, 4, 5
 Al μg 3.96 0.39–7.53 3, 5
 Si μg 26.7 – 3
 Sr μg 0.34 0.26–0.42 3, 5
 Rb μg 0.06 – 3
 Br μg 0.19 – 3

1 Bianco et al. (1998) Italy (2 samples), 2 Dias et al. (2014) Portugal, 3 Bockholt and Schnittke 
(1996) Germany, 4 Ayan et al. (2006) Turkey, 5 Gjorgieva et al. (2010) Macedonia
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Food Composition Tables for raw leaves of Taraxacum obovatum (Tables 13.123, 
13.124 and 13.125).

Table 13.122  Fatty acids profile (% of total fatty acids) of fresh leaves of T. officinale
Individual compounds Average Range References
16:0 11.3 8.03–14.1 1a, 2b

18:0 2.40 2.10–2.70 1a

18:1n − 9 0.90 0.69–1.11 1a

18:2n − 6 19.4 13.4–26.1 1a, 2b

18:3n − 3 62.1 52.4–72.0 1a, 2b

20:0 0.30 0.27–0.33 1a

22:0 0.30 0.24–0.36 1a

24:0 1.50 1.30–1.60 1a

Categories (calculated values)
SFA 14.2 11.0–17.4 –
MUFA 0.9 0.7–1.1 –
PUFA 85.3 81.7–89.0 –
n − 3 64.8 62.6–67.0 –
n − 6 20.6 14.7–26.4 –
n − 9 0.9 0.7–1.1 –

1 Liu et al. (2002) Australia, 2 Dias et al. (2014) Portugal
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
a  Plants gathered from locations different from Mediterranean or surrounding areas
b Taraxacum sect. Ruderalia

Remarks (leaves of T. officinale)

• High available carbohydrate content.
• High proportion of PUFA and n − 3 fatty acids content (mainly α-linolenic 

acid, 18:3n − 3), compared to other vegetables.
• Sometimes a source of Fe, Mn, and vitamin C.
• Very high content of oxalates in the leaves (lower values have been 

described in other parts such as flowers): people with altered renal func-
tion should avoid this vegetable; boiling is recommended for general 
population.

Units Average Range References
Energy (calculated value) kcal 40 23–58 –
Moisture g 83.3 79.2–86.7 1, 2, 3
Available carbohydrates g 3.34 1.63–5.39 2
Dietary fibre g 7.01 5.37–8.65 2
Proteins g 1.57 1.02–2.09 2
Lipids g 0.69 0.19–1.16 2, 4

Table 13.123  Main constituents, per 100 g of fresh tender leaves of T. obovatum
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Table 13.124  Vitamins and other constituents, per 100 g of fresh tender leaves of T. obovatum
Units Average Range References

Vitamin B9 (total folates) μg 110 90.9–130 1
Vitamin C mg 16.4 11.5–20.8 2, 3

Ascorbic acid mg 1.99 1.15–2.83 2, 3
Dehydroascorbic acid mg 14.5 9.66–19.3 2, 3

Vitamin E
 α-tocopherol mg 0.51 0.49–0.53 3
 β-tocopherol mg 0.01 0.01–0.01 3
 γ-tocopherol mg 0.05 0.05–0.05 3
 δ-tocopherol mg 0.03 0.02–0.04 3

Organic acids
 Oxalic acid mg 20.0 2.30–36.6 2, 3
 Glutamic acid mg 62.9 Traces–105 3
 Malic acid mg 106.2 23.1–161 2, 3
 Citric acid mg 27.6 Traces–38.1 2, 3
 Fumaric acid mg 3.28 Traces–3.78 2, 3

Phenolics (total) mg 58.3a 57.4–59.1 3
 Flavonoids mg 30.0b 29.4–30.7 3

1 Morales et al. (2015) Spain (4 samples), 2 Sánchez-Mata et al. (2012) Spain (2 samples), 
3 Morales et al. (2014) Spain (4 samples)
a  Expressed as gallic acid
b Expressed as catechin

Units Average Range References
Ash g 2.13 1.75–2.49 2

 K mg 566 375–685 2
 Na mg 34.9 5.10–61.7 2
 Ca mg 117 16.0–269 2
 Mg mg 18.2 2.30–34.6 2
 Fe mg 3.57 2.58–4.18 2
 Cu μg 150 80–220 2
 Mn μg 330 150–530 2
 Zn μg 500 220–900 2

1 Sánchez-Mata et al. (2012) Spain (2 samples), 2 García-Herrera et al. (2014b) Spain (4 samples), 
3 Morales et al. (2014) Spain (4 samples), 4 Morales et al. (2012b) Spain (4 samples)

Table 13.123 (continued)

Individual compounds Average Range References
12:0 0.35 0.30–0.40 1
14:0 0.80 0.73–0.87 1
16:0 11.8 11.7–12.0 1
16:1 0.21 0.21–0.21 1
18:0 2.45 2.43–2.48 1

Table 13.125  Fatty acids profile, as percentage (%of total fatty acids) of fresh tender leaves of 
T. obovatum
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Remarks (tender leaves of T. obovatum)

• Good source of dietary fibre (often > 6 g/100 g). High proportion of PUFA 
and n-3 fatty acids.

• Low Na content (< 120 mg/100 g). It can be considered as a source of 
K and Fe; sometimes also a source of Ca, Cu, and vitamins C and B9 
(folates).

• Low oxalate levels (< 100 mg/100 g).

Table 13.125 (continued)
Individual compounds Average Range References
18:1n − 9 3.24 3.23–3.25 1
18:2n − 6 17.6 16.6–18.7 1
18:3n − 3 58.5 58.3–58.8 1
18:3n − 6 0.16 0.16–0.16 1
20:0 0.56 0.44–0.68 1
20:1n − 9 0.09 0.07–0.11 1
22:0 0.99 0.98–10.2 1
24:0 1.51 1.46–1.58 1
24:1n − 9 0.08 0.08–0.08 1
Categories (calculated values)
SFA 18.5 18.0–19.0 –
MUFA 3.6 3.6–3.7 –
PUFA 77.5 77.1–77.7 –
n − 3 59.5 58.3–60.3 –
n − 6 18.1 16.8–18.9 –
n − 9 3.4 3.4–3.5 –

1 Morales et al. (2012b) Spain (4 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids
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13.3.37 Urtica dioica L. (Urticaceae)

Common Names Stinging nettle, urtiga (pt), ortiga (es), ortie (fr), ortica (it), 
kopriva (bs, hr), hithër (sq), tsouknida (el), ısırgan (tr), qurais (ar).

Description Perennial and dioecious herb, rhizomatous and covered with stinging 
hairs. The leaves are opposite and petiolate, with a cordate base, an acuminate tip, 
and a serrate margin. The small flowers, 1–2 mm, which grow in axilar branched 
racemes up to 10 cm, have 4 petals, and 4 stamens or 1 ovary and a simple style. The 
fruit is a brownish achene, 2 mm.

Ecology and Distribution This nitrophilous plant grows in waste places and road-
sides, in moist soils, 100–2500 m. Flowering occurs from April to September. Its 
range of distribution covers all the temperate zones of the world.

Food Uses This well-known species has been used as a vegetable also in the 
Mediterranean countries, at least in Portugal (Carvalho 2010), Spain (Rigat et al. 
2009; Tardío et al. 2006; Velasco et al. 2010), Italy (Guarrera 2006; Hadjichambis 
et al. 2008; Picchi and Pieroni 2005), Slovenia (Cerne 1992), Croatia (Łuczaj et al. 
2013a; Łuczaj et al. 2013b), Bosnia-Herzegovina (Redžić 2006), Albania (Hadji-
chambis et al. 2008; Pieroni 2008), Turkey (Dogan 2012; Ertuğ 2014; Kültür 2008), 
Lebanon (Marouf 2005), and Morocco (Nassif and Tanji 2013). The tender tips with 
the leaves are collected mainly in spring before flowering and usually consumed 
after cooking. They are typically used to prepare different recipes, such as soups 
(Carvalho 2010; Cerne 1992; Guarrera 2006; Hadjichambis et al. 2008; Redžić 
2006; Rigat et al. 2009), rice dishes (Guarrera 2006; Hadjichambis et al. 2008; 
Picchi and Pieroni 2005), in omelettes or with scrambled eggs (e.g. Bonet and Val-
lès 2002; Fajardo et al. 2007; García Jiménez 2007; Guarrera 2006; Hadjichambis 
et al. 2008; Verde et al. 2003), boiled and salted with garlic (Fajardo et al. 2007), 
onion and mallow (Dogan 2012), or with noodles (Hadjichambis et al. 2008). They 
are also included in stews with legumes (Fajardo et al. 2007; Rigat et al. 2009) and, 
sometimes as a filling for pasta dishes, such as lasagna, ravioli, or tortelli (Guar-
rera 2006; Hadjichambis et al. 2008; Picchi and Pieroni 2005), or for vegetable 
pies (Dogan 2012; Guarrera 2006; Hadjichambis et al. 2008; Picchi and Pieroni 
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2005; Pieroni 2008; Redžić 2006). It is one of the species added in different recipes 
of wild vegetables mixes (Guarrera 2006; Łuczaj et al. 2013a; Picchi and Pieroni 
2005). Its delicate sweet flavour often mitigates the excessive bitterness of other 
species (Picchi and Pieroni 2005).

Although less common, nettles are also consumed raw in salads (Dogan 2012; 
Fajardo et al. 2007; García Jiménez 2007; Gil Pinilla 1995; Marouf 2005). The 
leaves have to be scalded in hot water and washed to remove their stinging hairs.

In Turkey, it is one of the wild edible greens most commonly eaten (Ertuğ 2004, 
Dogan 2012). It is sold in the vegetable markets of Dalmatia, in Croatia (Łuczaj 
et al. 2013b).

This plant has also been used to elaborate herbal liqueurs (Guarrera 2006; Rigat 
et al. 2009) and the young leaves to curdle milk (Guarrera 2006).

Other Uses Stinging nettle is one of the most widely used medicinal plants, being 
also employed in the Mediterranean region (e.g. Benítez 2009; Carvalho 2010; 
Ertuğ 2004; Guarrera 2006; Kültür 2008; Łuczaj et al. 2013a; Marouf 2005). Some 
of the more common remedies are referred to the circulatory system, being almost 
generally considered as a blood depurative. It is also widely employed for urinary, 
digestive, and respiratory disorders. In external use it has been employed against 
alopecia and dandruff (e.g. Akerreta 2009; Carvalho 2010).

It has also been extensively used as fodder for different animals (e.g. Benítez 
2009; Pardo-de-Santayana 2003; Tardío et al. 2002), especially for pigs, turkeys, 
and hens, but also for horses and cows, being considered as improver of health and 
production. For example, it is considered good for improving milk production in 
mother pigs (Carvalho 2010), for increasing the quality of meat, eggs, milk, and 
butter (Picchi and Pieroni 2005), and to increase the brightness of the hair of horses 
(Guarrera 2006).

Other traditional uses of the stinging nettle include the extraction of textile fibre 
from their stems (García Jiménez 2007; Picchi and Pieroni 2005), a yellow dye 
from their roots (Guarrera 2006; Picchi and Pieroni 2005), or a biopesticide with the 
plant maceration (Benítez 2009; Guarrera 2006; Velasco et al. 2010).

Historical References A plant of this genus was already mentioned by Theophras-
tus in the third century BC among the wild vegetables that need to be cooked before 
being consumed (Teofrasto 1988). Dioscorides mentioned several medicinal prop-
erties of nettles, saying for example that the leaves (boiled together with small shell-
fish) soften the bowels, dissolve windiness, and induce urine (Osbaldeston 2000). 
Pliny, also in the first century AD, says that nettle first begins to grow in spring, at 
which period it is by no means a disagreeable food, being even considered as a pre-
ventive from diseases the whole year through (Bostock and Riley 1855). In Apicius, 
a collection of Roman cookery recipes, nettles are included among the vegetables, 
after field herbs, specifying that “the female nettle, when the sun is in the position 
of Aries, is supposed to render valuable services against ailments of various kinds” 
(Dommers Vehling 1936).

Food Composition Tables for raw leaves of Urtica dioica (Tables 13.126, 13.127 
and 13.128).
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Table 13.126  Main constituents, per 100 g of fresh leaves of U. dioica
Units Average Range References

Energy (calculated value) kcal 51 24–70 –
Moisture g 82.9 76.9–90.7 1, 2, 3, 4
Available carbohydrates g 5.04 3.71–7.05 1

 Glucose mg 246 – 5
 Fructose mg 284 – 5
 Sucrose mg 317 – 5
 Starch mg 462 – 5

Dietary fibre g 2.96 0.88–4.50 1, 2, 6
 Insoluble fibre g 1.32 – 5
 Soluble fibre g 1.79 – 5

Proteins g 4.29 1.35–5.42 1, 2, 6, 7
Lipids g 0.86 0.25–1.29 1, 2
Ash g 1.54 1.33–3.41 1, 2, 6, 8

 K mg 391 19.3–740 1, 2, 6, 7, 8
 Na mg 14.9 1.92–27.0 1, 2, 6, 8
 Ca mg 625 246–982 1, 2, 6, 7, 8
 Mg mg 171 14–482 1, 2, 7, 8
 P mg 111 57.1–178 2, 6
 Fe mg ≈5.39 1.9–13.0 9
 Cu μg 350 100–502 1, 2, 7, 8
 Mn μg 1698 580–3000 1, 2, 7, 8
 Zn μg 839 80.0–1428 1, 2, 7, 8
 Se μg 3.00 – 2

1 Martínez-Para et al. (1979) Spain, 2 Wetherilt (1992) Turkey, 3 Bianco et al. (1998) Italy (2 
samples), 4 Guil-Guerrero et al. (2003) Spain (5 samples), 5 Souci et al. (2008) unknown origin, 
6 Bockholt and Schnittke (1996) Germany, 7 Adamski and Bieganska (1980) Poland, 8 Krstic-
Pavlovic and Dzamic (1985) Yugoslavia, 9 Gjorgieva et al. (2011) Macedonia

Units Average Range References
Carotenoids

 β-carotene mg 5.72 1.18–10.9 1, 2, 3
 Hydroxy-α-carotene mg ≈0.90 – 1
 Lutein (epoxide) mg 5.61 5.25–5.97 1, 3
 Luteoxanthin mg ≈1.85 – 1
 Neoxhantin mg ≈0.43 0.40–0.46 4
 Violaxanthin mg 1.92 1.10–2.65 1, 3
 RAE (calculated value) μg 476 – –

Vitamin B1 μg 20.0 – 2
Vitamin B2 μg 230 – 2
Vitamin B3 μg 620 – 2
Vitamin B6 μg 70.0 – 2
Vitamin C mg 285 238–333 5

Table 13.127  Vitamins and other constituents, per 100 g of fresh leaves of U. dioica
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Remarks (leaves of U. dioica)

• High protein content compared to other wild plants.
• High lipid content and n − 3 fatty acids content (mainly α-linoleic acid, 

18:3n − 3), compared to other vegetables.
• Very low Na content (< 40 mg/100 g). Even taking account the wide vari-

ability, it can be considered as a source of Ca, Mn, and vitamin C; some-
times also a source of K, Mg, Fe, Cu, as well as vitamins B2, E, and A 
(provitamin A as β-carotene).

• High content of nitrate; not recommended for infants.

Table 13.128  Fatty acids profile (% of total fatty acids) of fresh leaves of U. dioica
Individual compounds Average Range References
12:0 0.37 – 1
14:0 0.20 0.20–0.20 1
16:0 18.2 16.3–21.0 1
16:1 2.40 0.90–4.20 1, 2
18:0 1.35 0.80–2.00 1, 2
18:1n − 9 2.53 2.25–3.00 1, 2
18:2n − 6 26.3 16.8–34.6 1, 2
18:3n − 3 38.9 37.1–43.9 1
20:0 1.00 1.00–1.00 1
20:1n − 9 0.70 0.70–0.70 2
22:1 0.50 0.40–0.60 2
Categories (calculated values)
SFA 22.8 20.0–24.8 –
MUFA 6.7 3.4–8.9 –
PUFA 70.6 66.3–76.6 –
n − 3 42.1 39.6–44.7 –
n − 6 28.5 20.4–37.0 –
n − 9 4.0 2.4–4.5 –

1 Souci et al. (2008) unknown origin, 2 Guil-Guerrero et al. (2003) Spain (5 samples)
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Units Average Range References
Vitamin E

 α-tocopherol mg 14.4 – 2
Nitrate mg 92.4 – 6

1 Kudritsata et al. (1987), Ukraine, 2 Wetherilt (1992) Turkey, 3 Guil-Guerrero et al. (2003) Spain 
(5 samples), 4 Gjorgieva et al. (2011) Macedonia, 5 Franke and Kensbock (1981) RAE retinol 
activity equivalents

Table 13.127 (continued)
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13.3.38 Ziziphus lotus (L.) Lam. (Rhamnaceae)

Common Names Lotus tree, arto (es), jujubier des lotophages (fr), zinzula sarvag-
gia (it), lotos (el), sarı hünnap (tr), shizaf (he), sidir, sedra (ar).

Description This deciduous, spiny, and intricate shrub, up to 3 m, has grey, zig-
zagged, and frequently curved, down branches. The alternate leaves are 2–4 cm, 
elliptical, shallowly crenate, with three parallel longitudinal veins in their surface. 
There are two hard thorns in the insertions of each leaf; one is straight and the other 
is hooked. The small and greenish flowers, with 5 sepals, 5 petals, and 5 stamens, 
grow in axillary cymes. The fruit is a subglobose and brown-reddish drupe, 1–2 cm 
in diameter, with a large stone in the centre and surrounded by a dry fleshy pulp. It 
flowers in spring or summer and the fruits ripen in autumn.

Ecology and Distribution It grows in dry places in almost all types of soils, with 
preference for basic grounds, at low altitudes. It lives in some Southern European 
areas of Spain, Italy (Sicily), Greece, Cyprus, west Asia, and more abundantly along 
the north of Africa from Morocco to Egypt.

Food Uses The edible fruits, though not of high quality, have been consumed in 
some countries of the Mediterranean region, such as southeast Spain (Martínez-
Lirola et al. 1997; Rabal 2000), Cyprus (Della et al. 2006), Turkey (Ertuğ 2014), 
Jordan (Al-Qura’n 2010; Tukan et al. 1998), Syria (Tanji and Nassif 1995), Libya 
(Louhaichi et al. 2011), Tunisia (Benammar et al. 2010; Tanji and Nassif 1995), 
Algeria (Benammar et al. 2010; Tanji and Nassif 1995), and Morocco (Abouri et al. 
2012; Nassif and Tanji 2013; Tanji and Nassif 1995). They are mainly eaten as a 
dessert, both raw when ripe or after dehydration throughout the year (Abouri et al. 
2012; Al-Qura’n 2010; Della et al. 2006; Martínez-Lirola et al. 1997; Nassif and 
Tanji 2013; Rabal 2000; Tanji and Nassif 1995; Tukan et al. 1998), though they 
are also used to prepare jams (Della et al. 2006; Tukan et al. 1998) or even an acid 
beverage in Lybia (Louhaichi et al. 2011).
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In the north of Africa, the dried fruits are ground into flour for making bread and 
the seeds kernel to make amlou (Nassif and Tanji 2013), a Moroccan chunky paste 
usually made with argan oil, almonds or peanuts, and sometimes honey or sugar. 
The fruits are prized by nomads that take them as travel provisions and frequently 
sold in local markets and on roadsides, at least in some Moroccan localities (Nassif 
and Tanji 2013).

The fruits of other wild species of the same genus (all of them small trees) are 
also consumed and frequently considered of better quality. This is the case of Z. 
spina-christi (L.) Desf. or Z. nummularia (Burm. f.) Wight & Arn., in the Middle 
East (Al-Qura’n 2010; Dafni et al. 2005), or the more widely cultivated and some-
times naturalized Z. jujuba Mill., and Z. mauritiana Lam., the Chinese and Indian 
jujuba, respectively (Azam-Ali et al. 2006).

Other Uses Different parts of the plant (fruits, leaves, root) have been employed in 
North African traditional medicine for treating diverse ailments (Abouri et al. 2012; 
Benammar et al. 2010; El-Mokasabi 2014), such as diabetes, digestive, respiratory 
and cardiac diseases, or skin problems. The external use of the leaf powder for heal-
ing abscesses and wounds, or the fruit decoction for treating diabetes, digestive and 
respiratory problems is common in central Morocco (Abouri et al. 2012).

This plant has been also used as fodder and honey plant (Louhaichi et al. 2011), 
fuel (Al-Qura’n 2010; Louhaichi et al. 2011), and for hedges and erosion control 
(Louhaichi et al. 2011).

Historical References Ziziphus fruit remains, which could be assigned to Z. lotus 
and Z. spina-christi, have been found in a number of archaeological excavations, in 
west Asia and Egypt, dated from Neolithic and Bronze Age (Azam-Ali et al. 2006). 
Its abundance in Libya was mentioned by Herodotus (fifth century BC) and Theo-
phrastus (third century BC), describing its edible fruits, with a sweetness similar to 
dates, and identifying them with those consumed by the mythological lotus-eaters 
(lotophages) referred to in the Homer’s Odyssey (García-González 2008; Teofrasto 
1988). They also mentioned that the fruits were used to make wine. The same was 
repeated by Pliny the Elder in the first century AD, also adding that those who eat its 
fruits are subject to no maladies of the stomach (Bostock and Riley 1855).

Food Composition Tables for raw fruits of Ziziphus lotus (Tables 13.129, 13.130 
and 13.131).

Units Average Range References
Energy (calculated value) kcal 61 55–65 –
Moisture g 12.3 12.3–12.3 1, 2, 3
Soluble sugars (total) g 9.87 9.25–10.5 2, 3

 Reducing sugars g 2.27 – 2
 Sucrose g 7.05 – 2

Dietary fibre g 5.12 4.29–5.42 2, 3
 Pectins g 2.07 1.74–2.40 3

Table 13.129  Main constituents, per 100 g of fresh fruits of Z. lotus
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Table 13.131  Fatty acids profile (% of total fatty acids) of fresh raw fruits of Z. lotus
Individual compounds Average Range References
16:0 27.6 – 1
18:0 11.2 – 1
18:1n − 9 24.5 – 1
18:2n − 6 36.6 – 1
Categories (calculated values)
SFA 24.5 – –
MUFA 38.8 – –
PUFA 36.6 – –
n − 6 36.6 – –
n − 9 24.5 – –

1 Benammar et al. (2010) Algeria
SFA saturated fatty acids, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids

Table 13.130  Vitamins and other constituents, per 100 g of fresh fruits of Z. lotus
Units Average Range References

Carotenoids (total) mg 32.1a 1.47–62.8 1, 2
Vitamin B1 (thiamin) µg 39 34–44 2
Vitamin C (ascorbic acid) mg 86.4 5.67–167 1, 2
Vitamin E (tocopherols) mg 5.41b 0.97–9.85 1, 2
Total phenolics mg ≈8.26c – 3

 Flavonoids mg ≈4.61d – 3
 Tannins mg ≈33.6e – 3

1 Benammar et al. (2010) Algeria, 2 Boudraa et al. (2010) Algeria (5 samples), 3 Rsaissi et al. 
(2013) Morocco
a  Expressed as β-carotene
b Expressed as α-tocopherol
c Expressed as gallic acid
d Expressed as quercetin
e Expressed as catechin

Units Average Range References
Proteins g 1.18 0.82–1.54 3
Lipids g 0.79 0.77–0.81 3
Ash g 3.01 2.81–3.35 1, 3

 K mg 126 118–141 1, 3
 Na mg 10.0 9.0–11.1 3
 Ca mg 490 – 1
 Mg mg 373 349–416 1, 3
 P mg 9.29 8.92–10.8 3
 Fe mg 1.25 1.17–1.37 1, 3
 Mn μg 1900 1030–2708 1, 3
 Zn μg 413 386–460 1, 3

1 Boudraa et al. (2010) Algeria (5 samples), 2 Saadoui et al. (2012) Algeria, 3 Abdeddaim et al. 
(2014) Algeria

Table 13.129 (continued)
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