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Abstract Accumulated evidence suggests that our
genes are still adapted to a pre-agriculturalist diet,
which was devoid of refined sugars and dairy products
and that our modern dietary behaviour is in great part
responsible for several modern life style diseases.
Especially the consumption of fruits, spices and
vegetables, cultivated or gathered from the wild, are
perceived as being healthy or endowed with a
prophylactic effect and therefore many of these dietary
items are regarded as both at the same time: food and
medicine. I argue that green leafy vegetables began to
contribute substantially to the human diet only with
the beginning of agriculture, when the ecological
niche of weeds began to prosper. Wild gathered
vegetables added to the agriculturalists’ dietary need
in form of a back-up resource in times of shortage and
in form of micronutrients and allelochemicals pro-
moting the development of the modern pharmacopoe-
ias. Similarly to wild gathered foods are cultivated
staples recently getting more attention by phytochem-
ists and pharmacologists. Especially local cultivars
and agro-ecotypes may present interesting opportuni-
ties for phytochemical and pharmacological analysis
in the attempt of identifying bioactive dietary
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allelochemicals. Chemical and biological character-
ization of local crop cultivars serves for the selection
of varieties with specific nutraceutical properties.
Germplasm can be obtained from several local orga-
nizations, which arrange easy access to seeds and
products of rare crop cultivars, foster their commer-
cialization and secure catering through the conserva-
tion of agro-biodiversity.
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Introduction

Throughout the ages, and at least since Hippocrates’ [ca.
480-377 BC] proclamation “let food be your medicine,
let medicine be your food”, physicians recognized the
impact of food on ageing, disease and well-being
(Schéifer 2005; Heinrich and Prieto 2008). Also do
nutritional deficiencies occur in both, populations of
poor as well as affluent societies (Johns 1990). This
short review tries to connect the co-evolutionary aspects
between weeds, vegetables and agriculture with the
permanent and ongoing adaptation to phytochemicals in
human nutrition, integrating food chemistry as well as
the protection of agro-biodiversity.

It is argued that our genome did not have enough
time to completely adapt to the profound changes in
diet and lifestyle occurring since the Neolithic
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Revolution (for a recent review see: Carrera-Bastos
et al. 2011). On the other hand, it is widely acknowl-
edged that dietary products, especially spices, fruits
and vegetables, either wild-gathered, semi-domesti-
cated or cultivated, are used for both, food and
medicine, representing both aspects at the same time
(Etkin and Ross 1982; Johns 1990; Etkin and Ross
1991; Etkin 1996; Moerman 1994; Bonet and Valles
2002; Pieroni et al. 2002; Etkin 2006). The continuum
between these overlapping and blurred aspects can be
exemplified with the well-diffused meme “an apple a
day keeps the doctor away”. While some might argue
that this saying refers to the vitamin content and vague
disease preventive and healthy nature of fruits in
general it has become clear that diet and especially
plant foods contain secondary metabolites exerting
specific pharmacological and physiological effects (cf.
Johns 1990; Etkin 2006; Gertsch, 2008; Lindeberg
2010; Carrera-Bastos et al. 2011; Valussi 2011). These
authors adopt a perspective on diet and health from an
evolutionary biology point of view inspired by the
seminal paper by Eaton and Konner (1985): “Paleo-
lithic nutrition—A consideration of its nature and
current implications”. Lindeberg (2010, p. 221) points
out that humans and animal species in general are
genetically adapted to the array of foods available in
the ecological niche where great part of their evolution
took place. At the same time did the plants and animals
considered as food by humans develop strategies (e.g.
allelochemicals, flight behaviour) to support the
pressure exerted by herbivores and carnivores, secur-
ing a successful spread of their genes (Lindeberg 2010,
p-221). Itis argued that with respect to the Palaeolithic
dietary regime our present agriculturalist diet resulted
in an alteration of several major functional dietary
factors such as glycaemic load, fatty acid balance,
macronutrient balance, trace nutrient density, acid—
base balance, sodium—potassium ratio as well as fibre
content, which are influential parameters in the
progress and development of Western life-style
diseases (Eaton 2000; Mann 2004; Cordain et al.
2005; Carrera-Bastos et al. 2011). The Palaeolithic
diet is described as bereft of grains, refined sugars and
dairy products consisting mainly and to varying
extents of meat, fish, shellfish, insects, and wild plant
foods such as nuts, roots, carbohydrate rich tubers as
well as fruits and vegetables (Eaton et al. 2002;
Cordain 2002; Lindeberg 2010). Harlan (1992,
p.- 12-14), however, reviews literature reporting
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evidence for a dietary role of seeds from wild grasses
in hunter-gatherer as well as agriculturalist societies.
This suggests that grains may have contributed to a
certain extent to human diet also prior to agricultural
practices. Among the vegetables used by hunter-
gatherer societies as food according to Harlan (1992,
p. 14-17) feature above all leaves and young shoots of
legumes (Fabaceae) as well as fruits from the Sola-
naceae and Cucurbitaceae.

Vegetables in agricultural societies and medicine

We are adapted to deal with certain types of plant
phytochemicals, ranging from basic requirements for
essential nutritional co-factors (e.g. vitamins, folic
acid, linoleic acid) to enzymatic detoxication systems
and the possibility of transformation by gut bacteria
(Johns 1990). The highest concentration of allelo-
chemicals such as plant lectins (carbohydrate-binding
proteins), protease inhibitors (inhibitors of protein
degrading enzymes), endocrine disruptors (e.g. phy-
toestrogenes such as isoflavones), cyanogenic glyco-
sides, pyrrolizidine alkaloids and phytic acids can be
found in young plants as well as in the most vital parts
such as sprouts, seeds, beans and roots (Lindeberg
2010). Johns (1990, pp. 210-250) hypothesizes that
plant allelochemicals became part of a healthy diges-
tive ecology and beneficial constituents in a balanced
nutrition exerting a disease controlling effect and an
essential prophylactic role in the changing sanitary
conditions the Neolithic life style brought along. The
increasing use of weeds for dietary purposes gave way
to the perception of more subtle pharmacologic
properties of this allelochemical rich ecological group
of species and promoted the development of the
modern pharmacopoeias (Logan and Dixon 1994;
Stepp and Moerman 2001; Leonti et al. 2006). De
Materia Medica, written by Dioscorides [ca. 40-90
AD] and one of the most influential herbals ever
written, testifies to the importance of gathered and
cultivated vegetables as well as crop species in
general, used for both, medicine as well as food
(Leonti et al. 2010a). In a cross-cultural analysis with a
historical focus and including data from Spain, Italy
and Greece we have argued that especially the role of
gathered leafy green vegetables in the Palaeolithic diet
might be overestimated and that this category of food
began to play a crucial role in human nutrition only
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with the beginning of the Neolithic era (Leonti et al.
20006).

Most of the wild relatives of our cultivated
vegetables are weeds, which found their ecological
niche prospering only with the beginning of agricul-
ture and the establishment of permanent settlements
(Maurizio 1927; Harlan 1992; Zohary and Hopf 2000).
Many of our weeds we know today did not exist in that
form prior to the invention of agricultural practices but
co-evolved together with the harvest techniques and
land management systems of Neolithic societies
(Willerding 1986; Jacomet et al. 1989; Harlan 1992,
p- 89). Thus, habitats and growing conditions for wild
gathered vegetables were limited before the onset of
the Neolithic era. Therefore, we proposed that the
Neolithic economy experienced an intensification and
diversification in the use of leafy green vegetables in
form of a backup resource in times of shortage and by
satisfying agriculturalists’ need for micronutrients and
allelochemicals. Furthermore, we suggested that wild-
gathered vegetable species might contribute to a
diversification of vegetables in city markets, which,
thanks to the high content of nutrients and allelo-
chemicals would at the same time contrast non-
adaptive food habits (Leonti et al. 2006).

But Europe also holds a rich heritage of cultivated
crops as well as a rich gene pool of many wild crop
relatives (Heywood and Zohary 1995). Around 180
cultivated plant species with a European cultivation
history are grown in Europe (Heywood and Zohary
1995). Roughly 100 of these species are cultivated for
dietary purposes including grain crops, fruit trees,
vegetables, oil crops, as well as potherbs and condi-
ments (Heywood and Zohary 1995). Meanwhile,
landraces, adapted to the different agro-ecological
conditions across Europe are affected by genetic
erosion because they are progressively displaced by
high-yielding varieties (Hammer and Laghetti 2005;
Montesano et al. 2011). Etkin and Ross (1991) noted a
paucity of pharmacological interest in staple foods and
argued that the few existing studies on medicinal
properties of staple foods is grounded on the reduced
diversity and content of herbivore repelling allelo-
chemicals plant domestication brought along, which
makes staple food at fist glance unattractive to
phytochemists. Etkin and Ross (1991) specified, that
“the pharmacologic banality of domesticates has been
exaggerated” and that we would benefit from phar-
macological inquiries into staples. Also Brandt et al.

(2004) pointed out, that only “few studies focus on the
identification of new types of health promoting
compounds from vegetables and fruits”. Especially
bitter, pungent and aromatic functional foods such as
artichoke (Cynara cardunculus L. ssp. cardunculus,
Asteraceae), dandelion (Taraxacum officinale G.H.
Weber ex F.H. Wigg; Asteraceae) and chilli pepper
(Capsicum anuum L.; Solanaceae) are used in the
treatment of digestive disturbances around the globe
and there exists a growing body of clinical evidence
corroborating their efficacy (e.g. Meghvansi et al.
2010; Valussi 2011). Ginger (Zingiber officinale L.),
which is used in diet and medicine contains potent
inhibitors of inflammation and their mechanism of
action was recently elucidated (cf. Nievergelt et al.
2011), while flavonoids, which are poorly bioavailable
but widespread in food plants, may generate bioactive
metabolites that act on the central nervous system
(Vissiennon et al. 2012). There are, however, also
clinical studies with food derived compounds, such as
curcumin obtained from Curcuma longa L. (Zingiber-
aceae). Several trials have shown reliable evidence for
the positive effect of curcumin in patients with
inflammatory conditions such as rheumatoid arthritis
and inflammatory bowel disease (White and Judkins
2011). Recently the European Food Safety Authority
(EFSA) approved the health claim “reduction in
platelet aggregation” for a lycopene-free, water-
soluble tomato (Lycopersicon esculentum L.; Solana-
ceae) concentrate (EFSA 2009). After in vitro and
ex vivo platelet aggregation studies (O’Kennedy et al.
2006a; O’Kennedy et al. 2006b) the tomato concen-
trate was standardized on the total quantity of 37
characterized constituents (EFSA 2009).

Generally, however, domestication of crop plants
led to a decrease of secondary plant metabolites, the
potentially noxious as well as the potentially beneficial
ones. This affects the co-evolutionary relationship
between plant chemicals and human receptors and
molecular targets.

Some allelochemicals in human diet, their
co-evolutionary aspects and molecular targets
Beta-caryophyllene (BCP)

BCP is one of the most common sesquiterpenes and
widely distributed across the plant kingdom (Knudsen
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et al. 1993; Cai et al. 2002). It is a constituent of the
essential oil of numerous spice, medicinal and food
plants such as cloves (Syzygium aromaticum (L.)
Merrill et Perry, Myrtaceae), origano (Origanum
vulgare L., Lamiaceae) black pepper (Piper nigrum
L., Piperaceae), cinnamon (Cinnamomum spp.), rose-
mary (Rosmarinus officinalis L.), cannabis (Cannabis
sativa L., Cannabaceae), hops (Humulus lupulus L.,
Cannabaceae) and basil (Ocimum spp., Lamiaceae).

Recently, we found that this bicyclic sesquiterpe-
noid selectively binds to the cannabinoid receptor type
2 (CB,; receptor) acting as a full agonist at dietary
relevant concentrations able to imitate the physiolog-
ical effects of the endogenous ligands 2-AG and
anandamide (Gertsch et al. 2008). Agonistic interac-
tions with the CB, receptor, part of an ancient lipid-
signalling network (endocannabinoid system) transmit
cellular signals, which lead to an attenuation of
inflammatory processes (for a review see: Guindon
and Hohmann 2008).

But also staple crops like maize (Zea mays L.) and
rice (Oryza sativa L.) are able to synthesize BCP.
Intriguingly herbivore attack in maize and rice induces
the production of BCP, which serves as an attractant of
entomopathogenic nematodes below ground and par-
asitic wasps above ground (Rasmann et al. 2005;
Cheng et al. 2007; Kollner et al. 2008). This indirect
plant-defence interaction is, however, not mediated by
the endocannabinoid system since insects and some
nematodes lack endocannabinoid receptors, probably
due to secondary loss (McPartland et al. 2006). During
the breeding process, however, did North American
maize cultivars lose the ability to produce and release
BCP upon herbivore attack, which leads to increased
application of pesticides (Rasmann et al. 2005;
Kollner et al. 2008). From an ecological perspective
are sesquiterpenes such as BCP bio-signalling mole-
cules emitted by plantae participating in plant—plant as
well as plant-animal communication (Rasmann et al.
2005; Kim et al. 2009). BCP is one of the atmospher-
ically most prevalent sesquiterpenes and beta-caryo-
phyllinic acid, its degradation product, can be detected
in environments as diverse as the tropics and the arctic.
Since sesquiterpene emission occurs prevalently dur-
ing the day, ozonolysis occurring in the troposphere is
the main degradation pathway keeping the BCP level
in equilibrium with its biome (Chen et al. 2012).
Similar to the insect-plant interaction mediated by
complex volatile mixtures Gertsch et al. (2010)
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hypothesize that exposure to CB, receptor active plant
metabolites, such as BCP, may have led to co-
evolutionary adaptations also in mammals. Curiously,
BCP is also a FDA approved food additive and unlike
hydrophilic compounds (e.g. polyphenols) readily
bioavailable.

Falcarinol

Another example of a highly bioactive dietary con-
stituent targeting the endocannabinoid system is the
polyyine falcarinol occurring in a range of cultivated
Apiaceae vegetables such as carrots (Daucus carota
L.), parsley (Petroselinum crispum (Mill.) Nym. ex
A.W. Hill), celery (Apium graveolens L.) fennel
(Foeniculum vulgare L.) as well as pastinake (Past-
inaca sativa L.). Falcarinol binds to the CB, receptor
mediating an inverse agonistic effect. Flacarinol,
which in susceptible humans acts as a moderate skin
irritant, aggravated histamin-induced oedema on
human forearm skin when applied together (Leonti
et al. 2010b). This pro-allergenic activity of topically
applied falcarinol seems to be linked to its antagonistic
action on CB; receptors in keratinocytes, which
impedes that the constitutively present anandamide
tone exerts its anti-inflammatory action (Leonti et al.
2010b). Subjects showing positive patch test towards
carrots, however, are able to eat and digest falcarinol-
containing vegetables without showing sings of aller-
gic reactions (Murdoch and Dempster 2000) although
CB, receptors are expressed throughout the gastroin-
testinal tract (Izzo and Camilleri 2008). This partic-
ularity suggests that the subtypes of CB; receptors
present in the gastrointestinal tract may have adapted
to falcarinol exposure through diet. Falcarinol uptake
though carrot consumption might constitute the miss-
ing link in the paradoxal picture showing high
concentration of natural carotenes in human serum
associated with a decreased incidence of cancer, while
dietary supplementation with pure carotene does not
show any positive effect (Zidorn et al. 2005). Similar
to BCP, whose production may be elicited in plant
tissue upon herbivore attack falcarinol is considered a
phytoalexin since its production may be increased
after fungal infections (Christensen and Brandt 2006).
Apart from polyacetylenes, dihydroisocoumarins, chr-
omones and beta-carotene, purple carrot varieties
additionally contain more that 40 phenolic acids as
well as 5 major acylated cyanidin glycosides
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(Kammerer et al. 2004; Kurilich et al. 2005). To the
functional food and dietary supplement industry the
phytochemical diversity across carrot varieties poses a
major challenge in the attempt of maximizing health
benefits from carrots (Metzger et al. 2008; Christensen
2011).

Glucosinolates

Brassica vegetables, one of the most important leafy
crops around the globe, produce a range of aliphatic,
indolic and aromatic, sulphur and nitrogen containing
glucosinolates (Carlson et al. 1987; Rosa et al. 1997,
Yang and Quiros 2010). Although the occurrence of
glucosinolates is explained with their anti-nutritional
properties this class of compounds and their charac-
teristic organoleptic properties was one reason for the
domestication of Brassicaceae as vegetables, salads,
spices and herbal remedies (Mithen 2006, p. 25). The
enzymatic breakdown product of the glucoraphanin
glucosinolate leads to sulforaphane, an isothiocyanate
that has been shown to induce the detoxication
enzymes quinone reductase and glutathione transfer-
ase (Zhang et al. 1992). This finding led to the
conclusion that the anticarcinogenic effect of broccoli
(Brassica oleracea L. var. italica Plenck) might be
related to this inductive effect (Zhang et al. 1992).
Gamet-Payrastre et al. (2000) report data suggesting
that in addition to the activation of detoxifying
enzymes the prevention of cancer by sulforaphane is
also due to a specific apoptosis inducing effect towards
cancer cells, while the metabolite 3,3’-diindolylme-
thane, which is generated upon ingestion of indole-3-
carbinol and widespread in Brassica vegetables, has
been shown to weakly interact with the CB, receptor
(Yin et al. 2009).

The study by Kushad et al. (1999) evidenced that
not only the glucosinolate content of the five analyzed
B. oleracea groups varied greatly but that also within
the varieties var. italica, var. gemmifera DC., var.
capitata, var. botrytis and var. acephala the glucosin-
olate profiles differed significantly. Principal compo-
nent analysis of 24 Chinese cabbage (Brassica rapa L.
subsp. pekinensis (Lour.) Hanelt) varieties from Korea
showed considerable differences among the glucosin-
olate contents and profiles of the cultivars tested (Kim
et al. 2010). In another survey of glucosinolate
variation in B. rapa crops including 82 different
varieties Young and Quiros (2010) on the other hand

observed similar profiles of the Chinese cabbage
accessions, while the other B. rapa groups studied
showed high variation. The same study evidenced that
two Japanese turnip accessions (var. rapa) differed
qualitatively by their characteristic and consider-
able 2-methyl-2-propenyl-glucosinolate and n-butyl-
glucosinolate content. Both, 2-methyl-2-propenyl-
glucosinolate and n-butyl-glucosinolate, are not com-
monly found in Brassica species (Young and Quiros
2010). Such differences in glucosinolate content
across genotypes clearly suggest differences in nutri-
tional and health-promoting properties and a potential
for breeding “designer” Brassicaceae (Rosa et al.
1997; Kushad et al. 1999).

Discussion

Agricultural practices have intensified human dietary
dependence on vegetables and herbs. This relationship
has led to co-evolutionary adaptations in both, human
requirements for plant derived allelochemicals, and
crop cultivars with health promoting qualities. Phyto-
chemical and pharmacological analyses of landraces
and local cultivars are more rewarding with respect to
globally traded varieties in the attempt of selecting for
nutraceutical vegetables. With respect to globally
traded brands landraces (agro-ecotypes) and local
cultivars, apart from being richer in taste and smell,
show also a higher amount and greater variety in
allelochemicals. This facilitates the physical detection
of minor compounds and the characterization of their
pharmacologic potential. Once the antagonistic and
synergistic effects of allelochemicals have been elu-
cidated the health promoting properties of plant foods
may be optimized (Christensen 2011).

Access to systematic and botanically characterized
collections of landraces, however, is rare. Genebanks
aiming at the long-term preservation of agricultural
biodiversity generally concede access to their collec-
tions. Such access is granted only in accordance with
the terms and conditions explained in the “Interna-
tional Treaty on Plant Genetic Resources for Food and
Agriculture” (2012) (http://www.planttreaty.org/) and
is generally confined to seeds, which are only rarely
the plant part a pharmacological and phytochemical
investigation is focusing on. Notable exceptions are
provided by some genebanks (e.g. in Italy, Hammer
et al. 1999) and a rising number of NGOs, e.g. the
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Austrian “Arche Noah” association (http://www.
arche-noah.at/etomite/), the German “Verein zur
Erhaltung der Nutzpflanzenvielfalt” (http://www.nutz
pflanzenvielfalt.de/) the French Association “Kokopelli”
(http://kokopelli-semences.fr/who_are_we), and the
Swiss “ProSpecieRara” foundation (www.prospec
ierara.ch), amongst others.

ProSpecieRara is a non-profit organization that was
launched in 1982 pioneering the protection of crop
varieties and farm animals. The aim of ProSpecieRara
is the safeguarding of agricultural biodiversity, to
gather, conserve and communicate the knowledge and
cultural values of traditional cultivars and landraces,
to arrange easy access to seeds and farm animals for
everyone, to sustain the endangered cultivars and
landraces by fostering the commercialization of spe-
cialities, and ultimately to provide an important
contribution to the security of our catering through
the conservation of the diversity of crop plants and
farm animals. ProSpecieRara has achieved to conserve
26 races of farm animals, ca. 1000 crop varieties as
well as ca. 450 berry and 1800 fruit tree cultivars. The
inventory of agro-biodiversity in Switzerland was
published in a series of textbooks (e.g. Borbach et al.
2002; Bartha-Pichler et al. 2005; Bartha-Pichler et al.
2006; Heistinger 2010; Szalatnay et al. 2011). The
handbook “Samengértnerei” gives instructions on the
preservation of cultivars, on how to increase diversity,
how to produce seeds to propagate cultivars and how
to crossbreed (cf. Heistinger 2010). Today, ProSpe-
cieRara products, inclusive their seeds are sold by the
most common supermarket chains throughout Swit-
zerland offering dietary diversity and promoting in
situ cultivation. Another initiative by ProSpecieRara is
the collaboration with animal and horticultural farms,
which provide the possibility for educational visits
about agricultural diversity and species-appropriate
farming (see: www.prospecierara.ch).

Conclusions

Allelochemicals occurring in vegetables and shaped
by co-evolutionary interplay with microorganisms and
herbivores such as insects have receptor binding
capacity also in humans. Considering the huge variety
of endangered crop cultivars, which with respect to
wild gathered species are fully adapted to farming
systems, local initiatives aiming at the protection of
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these varieties are a straightforward and practicable
approach in the attempt of contrasting non-adaptive
food habits. Promoting non-domesticated as well as
cultivated vegetables in the attempt to diversify
assortments of crops with a nutraceutical potential in
city markets does of course, not exclude each other.
Chemical profiling and pharmacological characteriza-
tion of local crop cultivars serves for the selection of
varieties with specific nutraceutical properties.

It is generally acknowledged that ethnobotanical
field-research and studies on traditional knowledge
systems should provide a feedback to the local
communities and society in general (e.g. Heinrich
et al. 2006; Rivera et al. 2006; Gonzalez et al. 2011).
The diversification of vegetables and fruit varieties in
home gardens and city markets together with the
wealth of literature on local crop cultivars published
by the organization presented above might serve as a
model for ethnobotanical field studies.

References

Bartha-Pichler B, Brunner F, Gersbach K (2005) Rosenapfel
und Goldparmidne—Eine Entdeckungsreise durch die Vi-
elfalt alter und neuer Apfelsorten. ProSpecieRara und
Fructus, AT-Verlag, Aarau

Bartha-Pichler B, Frei M, Kajtna B, Zuber M (2006) Osterfee
und Amazone. Vergessene Beerensorten—neu entdeckt.
ProSpecieRara und Arche-Noah, AT-Verlag, Aarau

Bonet MA, Valles J (2002) Use of non-crop food vascular plants
in Montseny biosphere reserve (Catalonia, Iberian Penin-
sula). Int J Food Sci Nutr 53:225-248

Borbach C, Egloff B, ProSpecieRara (2002) Tschiipperli, Sti-
efelgeiss und andere Rarititen. Das Tierbuch mit allen
ProSpecieRara Nutztierrassen. ProSpecieRara, Aarau

Brandt K, Christensen LP, Hansen-Mgller J, Hansen SL, Har-
aldsdottir J, Jespersen L, Purup S, Kharazmie A, Barkholt
V, Frgkierf H, Kobzk-Larsen M (2004) Health promoting
compounds in vegetables and fruits: a systematic approach
for identifying plant components with impact on human
health. Trends Food Sci Technol 15:384-393

Cai Y, Jia J-W, Crock J, Lin Z-X, Chen X-Y, Croteau R (2002)
A cDNA clone for f-caryophyllene synthase from Arte-
misia annua. Phytochemistry 61:523-529

Carlson DG, Daxenbichler ME, VanEtten CH (1987) Gluco-
sinolates in crucifer vegetables: broccoli, brussels sprouts,
cauliflower, collards, kale, mustard greens, and kohlrabi.
J Amer Soc Hort Sci 112:173-178

Carrera-Bastos P, Fontes-Villalba M, O’Keefe JH, Lindeberg S,
Cordain L (2011) The western diet and lifestyle and dis-
eases of civilization. Res Rep Clin Cardiol 2:15-35

Chen Q, Li YL, McKinney KA, Kuwata M, Martin ST (2012)
Particle mass yield from f-caryophyllene ozonolysis.
Atmos Chem Phys 12:3165-3179


http://www.arche-noah.at/etomite/
http://www.arche-noah.at/etomite/
http://www.nutzpflanzenvielfalt.de/
http://www.nutzpflanzenvielfalt.de/
http://kokopelli-semences.fr/who_are_we
http://www.prospecierara.ch
http://www.prospecierara.ch
http://www.prospecierara.ch

Genet Resour Crop Evol (2012) 59:1295-1302

1301

Cheng A-X, Xiang C-Y, Li J-X, Yang C-Q, Hu W-L, Wang L-J,
Lou Y-G, Chen X-Y (2007) The rice (E)-f-caryophyllene
synthase (OsTPS3) accounts for the major inducible vol-
atile sesquiterpenes. Phytochemistry 68:1632-1641

Christensen LP (2011) Aliphatic C17-polyacetylenes of the
falcarinol type as potential health promoting compounds in
food plants of the Apiaceae family. Recent Pat Food Nutr
Agric 3:64-77

Christensen LP, Brandt K (2006) Bioactive polyacetylenes in
food plants of the Apiaceae family: occurrence, bioactivity
and analysis. J Pharm Biomed Anal 41:683-693

Cordain L (2002) The nutritional characteristics of a contem-
porary diet based upon Paleolithic food groups. J] Am Nutr
Assoc 5:15-24

Cordain L, Eaton SB, Sebastian A, Mann N, Lindeberg S,
Watkins BA, O’Keefe JH, Brand-Miller J (2005) Origins
and evolution of the western diet: health implications for
the 21st century. Am J Clin Nutr 81:341-354

Eaton SB (2000) Paleolithic vs. modern diets—selected patho-
physiological implications. Eur J Nutr 39:67-70

Eaton SB, Konner M (1985) Paleolithic nutrition. A consider-
ation of its nature and current implications. N Engl J Med
312:283-289

Eaton SB, Strassman BI, Nesse RM, Neel JV, Ewald PW,
Williams GC, Weder AB, Eaton SB III, Lindeberg S,
Konner MJ, Mysterud I, Cordain L (2002) Evolutionary
health promotion. Prev Med 34:109-118

Etkin N (1996) Medicinal cuisines: diet and ethnopharmacol-
ogy. Int J Pharmacog 34:313-326

Etkin N (2006) Edible medicines. An ethnopharmacology of
food. The University of Arizona Press, Tucson

Etkin NL, Ross PJ (1982) Food as medicine and medicine as
food. An adaptive framework for the interpretation of plant
utilization among Hausa of Northern Nigeria. Soc Sci Med
16:1559-1573

Etkin NL, Ross PJ (1991) Should we set a place for diet in
ethnopharmacology? J Ethnopharmacol 32:25-36

European Food Safety Authority “EFSA” (2009) Water-soluble
tomato concentrate (WSTC I and II) and platelet aggre-
gation. EFSA J 1101:1-15. http://www.efsa.europa.eu/
en/efsajournal/pub/1101.htm

Gamet-Payrastre L, Li P, Lumeau S, Cassar G, Dupont MA,
Chevolleau S, Gasc N, Tulliez J, Tercé F (2000) Sulfora-
phane, a naturally occurring isothiocyanate, induces cell
cycle arrest and apoptosis in HT29 human colon cancer
cells. Cancer Res 60:1426-1433

Gertsch J (2008) Anti-inflammatory cannabinoids in diet:
towards a better understanding of CB2 receptor action?
Commun Integr Biol 1:26-28

Gertsch J, Leonti M, Raduner S, Racz I, Chen JZ, Xie XQ,
Altmann KH, Zimmer A, Karsak M (2008) Beta-caryo-
phyllene is a dietary cannabinoid. Proc Natl Acad Sci USA
105:9099-9104

Gertsch J, Pertwee RG, Di Marzo V (2010) Phytocannabinoids
beyond the Cannabis plant—do they exist? Br J Pharmacol
160:523-529

Gonzalez JA, Garcia-Barriuso M, Amich F (2011) The con-
sumption of wild and semi-domesticated edible plants in
the Arribes del Duero (Salamanca-Zamora, Spain): an
analysis of traditional knowledge. Genet Resour Crop Evol
58:991-1006

Guindon J, Hohmann AG (2008) Cannabinoid CB2 receptors: a
therapeutic target for the treatment of inflammatory and
neuropathic pain. Br J Pharmacol 153:319-334

Hammer K, Laghetti G (2005) Genetic erosion—examples from
Italy. Genet Resour Crop Evol 52:629-634

Hammer K, Kniipffer H, Laghetti G, Perrino P (1999) Seeds
from the Past. A catalogue of crop germplasm in central
and north Italy. IdG (C.N.R.), Bari

Harlan JR (1992) Crops & man, 2nd edn. American Society of
Agronomy, Inc. Crop Science Society of America, Inc.
Madison, WI

Heinrich M, Prieto JM (2008) Diet and healthy ageing 2100: will
we globalise local knowledge systems? Ageing Res Rev
7:249-274

Heinrich M, Nebel S, Leonti M, Rivera D, Obén C (2006)
“Local food-nutraceuticals”: bridging the gap between
local knowledge and global needs. Forum Nutr 59:1-17

Heistinger A (2010) Handbuch Samengirtnerei. Sorten erhalten,
Vielfalt vermehren, Gemiise geniessen. Arche Noah und
ProSpecieRara. Eugen Ulmer Verlag, Stuttgart

Heywood VH, Zohary D (1995) A catalogue of the wild rela-
tives of cultivated plants native to Europe. Flora Med
5:375-415

International Treaty on Plant Genetic Resources for Food and
Agriculture (2012) http://www.planttreaty.org. Accessed
18 April 2012

Izzo AA, Camilleri M (2008) Emerging role of cannabinoids in
gastrointestinal and liver diseases: basic and clinical
aspects. Gut 57:1140-1155

Jacomet SC, Brombacher C, Dick M (1989) Archédobotanik am
Ziirichsee. Ackerbau Sammelwirtschaft und Umwelt von
Neolithischen und Bronzezeitlichen Seeufersiedlungen im
Raum Ziirich. Orell Fiissli Verlag, Ziirich

Johns T (1990) With bitter herbs they shall eat it: chemical
ecology and the origins of human diet and medicine. The
University of Arizona Press, Tucson

Kammerer D, Carle R, Schieber A (2004) Characterization of
phenolic acids in black carrots (Daucus carota ssp. sativus
var. atrorubens Alef.) by high-performance liquid chro-
matography/electrospray ionization mass spectrometry.
Rapid Commun Mass Spectrom 18:1331-1340

Kim S, Karl T, Helmig D, Daly R, Rasmussen R, Guenther A
(2009) Measurement of atmospheric sesquiterpenes by
proton transfer reaction-mass spectrometry (PTR-MS).
Atmos Meas Tech 2:99-112

Kim JK, Chu SM, Kim SJ, Lee DJ, Lee SY, Lim SH, Ha S-H,
Kweon SJ, Cho HS (2010) Variation of glucosinolates in
vegetable crops of Brassica rapa L. ssp. pekinensis. Food
Chem 119:423-428

Knudsen JT, Tollsten L, Bergstrom LG (1993) Floral scents—a
checklist of volatile compounds isolated by head-space
techniques. Phytochemistry 33:253-280

Kollner TG, Held M, Lenk C, Hiltpold I, Turlings TCJ, Ger-
shenzon J, Degenhardta J (2008) A maize (E)-f-caryo-
phyllene synthase implicated in indirect defense responses
against herbivores is not expressed in most American
maize varieties. Plant Cell 20:482-494

Kurilich AC, Clevidence BA, Britz SJ, Simon PW, Novotny JA
(2005) Plasma and urine responses are lower for acylated
vs nonacylated anthocyanins from raw and cooked purple
carrots. J Agric Food Chem 53:6537-6542

@ Springer


http://www.efsa.europa.eu/en/efsajournal/pub/1101.htm
http://www.efsa.europa.eu/en/efsajournal/pub/1101.htm
http://www.planttreaty.org

1302

Genet Resour Crop Evol (2012) 59:1295-1302

Kushad MM, Brown AF, Kurilich AC, Juvik JA, Klein BP,
Wallig MA, Jeffery EH (1999) Variation of glucosinolates
in vegetable crops of Brassica oleracea. J Agric Food
Chem 47:1541-1548

Leonti M, Nebel S, Rivera D, Heinrich M (2006) Wild gathered
food plants in the European Mediterranean: a comparative
analysis. Econ Bot 60:130-142

Leonti M, Cabras S, Weckerle CS, Solinas MN, Casu L (2010a)
The causal dependence of present plant knowledge on
herbals—contemporary medicinal plant use in Campania
(Italy) compared to Matthioli (1568). J Ethnopharmacol
130:379-391

Leonti M, Casu L, Raduner S, Cottiglia F, Floris C, Altmann
KH, Gertsch J (2010b) Falcarinol is a covalent cannabinoid
CB1 receptor antagonist and induces pro-allergic effects in
skin. Biochem Pharmacol 79:1815-1826

Lindeberg S (2010) Food and western disease. Health and
nutrition from an evolutionary perspective. Blackwell,
Oxford

Logan MH, Dixon AR (1994) Agriculture and the acquisition of
medicinal plant knowledge. In: Etkin NL (ed) Eating on the
wild side. University of Arizona Press, Tucson, pp 25-45

Mann NJ (2004) Paleolithic nutrition: what can we learn from
the past? Asia Pac J Clin Nutr 13(S):17

Maurizio A (1927) Die Geschichte unserer Nahrungspflanzen.
Von den Urzeiten bis zur Gegenwart. Verlagsbuchhand-
lung Paul Parey, Berlin

McPartland JM, Agraval J, Gleeson D, Heasman K, Glass M
(2006) Cannabinoid receptors in invertebrates. J Evol Biol
19:366-373

Meghvansi MK, Siddiqui S, Khan MH, Gupta VK, Vairale MG,
Gogoi HK, Singh L (2010) Naga chilli: a potential source
of capsaicinoids with broad-spectrum ethnopharmacolog-
ical applications. J Ethnopharmacol 132:1-14

Metzger BT, Barnes DM, Reed JD (2008) Purple carrot (Daucus
carota L.) polyacetylenes decrease lipopolysaccharide-
induced expression of inflammatory proteins in macrophage
and endothelial cells. J Agric Food Chem 56:3554-3560

Mithen R (2006) Sulphur-containing compounds. In: Crozier A,
Clifford MN, Ashihara H (eds) Plant secondary metabo-
lites. Occurrence, structure and role in the human diet.
Blackwell Publishing, Oxford, pp 2546

Moerman DE (1994) North American food and drug plants. In:
Etkin NL (ed) Eating on the wild side. University of Ari-
zona Press, Tucson, pp 166181

Montesano V, Negro D, Sarli G, Logozzo G, Spagnoletti Zeuli P
(2011) Landraces in Inland areas of the Basilicata region,
Italy: monitoring and perspectives for on farm conservation.
Genet Resour Crop Evol. doi:10.1007/s10722-011-9712-7

Murdoch SR, Dempster J (2000) Allergic contact dermatitis
from carrot. Contact Dermatitis 42:236

Nievergelt A, Marazzi J, Schoop R, Altmann KH, Gertsch J
(2011) Ginger phenylpropanoids inhibit IL-Ibeta and
prostanoid secretion and disrupt arachidonate-phospholi-
pid remodeling by targeting phospholipases A2. J Immunol
187:4140-4150

O’Kennedy N, Crosbie L, Whelan S, Luther V, Horgan G,
Broom JI, Webb DJ, Duttaroy AK (2006a) Effects of
tomato extract on platelet function: a double-blinded

@ Springer

crossover study in healthy humans. Am J Clin Nutr
84:561-569

O’Kennedy N, Crosbie L, van Lieshout M, Broom JI, Webb DJ,
Duttaroy AK (2006b) Effects of antiplatelet components of
tomato extract on platelet function in vitro and ex vivo: a
time-course cannulation study in healthy humans. Am J
Clin Nutr 84:570-579

Pieroni A, Nebel S, Quave C, Miinz H, Heinrich M (2002)
Ethnopharmacology of Liakra: traditional weedy vegeta-
bles of the Abéréshe of the vulture area in southern Italy.
J Ethnopharmacol 81:165-185

Rasmann S, Koéllner TG, Degenhardt J, Hiltpold I, Toepfer S,
Kuhlmann U, Gershenzon J, Turlings TC (2005) Recruit-
ment of entomopathogenic nematodes by insect-damaged
maize roots. Nature 434:732-737

Rivera D, Heinrich M, Obon C, Inocencio C, Nebel S, Verde A,
Fajardo J (2006) Disseminating knowledge about “local
foods plants” and “local plant foods”. Forum Nutr
59:75-85

Rosa EAS, Heaney RK, Fenwick GR, Portas CAM (1997)
Glucosinolates in Crop Plants. Hort Rev 19:99-215

Schifer D (2005) Aging, longevity, and diet: historical remarks
on calorie intake reduction. Gerontology 51:126—130

Stepp JR, Moerman DE (2001) The importance of weeds in
ethnopharmacology. J Ethnopharmacol 75:19-23

Szalatnay D, Kellerhals M, Frei M, Miiller U (2011) Friichte,
Beeren, Niisse—Die Vielfalt der Sorten—800 Portraits.
Haupt Verlag, Bern

Valussi M (2011) Functional foods with digestion-enhancing
properties. Int J Food Sci Nutr 63:82-89

Vissiennon C, Nieber K, Kelber O, Butterweck V (2012) Route
of administration determines the anxiolytic activity of the
flavonols kaempferol, quercetin and myricetin—are they
prodrugs? J Nutr Biochem 7:733-740

White B, Judkins DZ (2011) Clinical inquiry. Does turmeric
relieve inflammatory conditions? J Fam Pract 60:155-156

Willerding U (1986) Zur Geschichte der Unkrduter Mitteleu-
ropas. Gottinger Schriften zur Vor- und Friihgeschichte,
Band 22. Karl Wachholtz Verlag, Neumiinster

Yang B, Quiros CF (2010) Survey of glucosinolate variation in
leaves of Brassica rapa crops. Genet Resour Crop Evol
57:1079-1089

Yin H, Chu A, Li W, Wang B, Shelton F, Otero F, Nguyen DG,
Caldwell JS, Chen YA (2009) Lipid G protein-coupled
receptor ligand identification using beta-arrestin Path
Hunter assay. J Biol Chem 284:12328-12338

Zhang Y, Talalay P, Cho CG, Posner GH (1992) A major
inducer of anticarcinogenic protective enzymes from
broccoli: isolation and elucidation of structure. Proc Natl
Acad Sci USA 89:2399-2403

Zidorn C, Joehrer K, Ganzera M, Schubert B, Sigmund EM,
Mader J, Greil R, Ellmerer EP, Stuppner H (2005) Poly-
acetylenes from Apiaceae vegetables carrot, celery, fennel,
parsley and parsnip and their cytotoxic activities. J Agric
Food Chem 53:2518-2523

Zohary D, Hopf M (2000) Domestication of plants in the Old
World: the origin and spread of cultivated plants in West
Asia, Europe and the Nile Valley, 3rd edn. Oxford Uni-
versity Press, Oxford


http://dx.doi.org/10.1007/s10722-011-9712-7

	The co-evolutionary perspective of the food-medicine continuum and wild gathered and cultivated vegetables
	Abstract
	Introduction
	Vegetables in agricultural societies and medicine
	Some allelochemicals in human diet, their co-evolutionary aspects and molecular targets
	Beta-caryophyllene (BCP)
	Falcarinol
	Glucosinolates

	Discussion
	Conclusions
	References


