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1. Introduction

With the introduction of a new cuisine known as New Nordic Food in Denmark and other Nordic countries
more than ten years ago there has been an increasing interest in using locally grown food plants and plants
collected from the countryside (for detailed information on definition and principles on New Nordic Food, see
http://www.newnordicfood.org/). This interest has been driven by highly profiled gourmet restaurants serving
New Nordic Cuisine. The movement has been supported by the Nordic Council of Ministers that has
assigned leading chefs as New Nordic Food ambassadors aiming at establishing the New Nordic Cuisine as
part of the gourmet world map (Mithril et al., 2012; Nordic Council of Ministers, 2017). Additionally, one large
Danish research project OPUS (Optimal well-being, development and health for Danish children through a
healthy New Nordic Diet; http://foodoflife.ku.dk/opus/english/about/) has studied the impact on a newly
developed New Nordic Diet on health. The guidelines developed for this diet did not only focus on local
traditionally cultivated plant foods but also recommended inclusion of local wild foods, underlining the
possible health potential of e.g. wild plants, mushrooms, berries and fruits, their gastronomic potential and an
increased focus on sustainability (Mithril et al., 2012). The idea that wild plants can be collected for food has
spread by e.g. cookbook recipes with wild plants, developed smartphone apps and tours arranged by nature
guides having the specific purpose of leading interested individuals to areas where wild plants can be

collected for culinary purposes.

Other gastronomic arguments for this diet are that foods collected from the wild differ from country to country
and are an important part of the identity of a regional cuisine that could give rise to great gastronomic
experiences (Mithril et al., 2012). It is, however, also mentioned that the composition of some wild plants is
still unknown, some plants may have a high content of bioactive substances, and some plants may be toxic
in large quantities (Mithril and Dragsted, 2012; Mithril et al., 2012). Various flowers have been describes as
edible decoration on e.g. desserts and cakes, or as ingredients in salads, sometimes constituting a
substantial part of the salads. Lately, Danish media and cookbooks have also shown interest in the use of
cultivated plants, often known for their traditional ornamental value more than for having been edible. This is
not only a Nordic trend. Description of flowers of ornamental plants for human nutrition have e.g. been

published by a Czech research group (Micek and Rop, 2011; Rop et al., 2012) and reviewed by other groups



for their nutritional value, flavour and benefits to human health, mostly describing use outside Europe

(Fernandes et al., 2017; Ghosh, 2013; Kelley et al., 2001; Lara-Cortes et al., 2013; Lim, 2014).

However, the potential toxic effects of the flowers caused by inherent constituents were not assessed in any
of these publications. In addition, potential health concerns arise when eating harvested or purchased
ornamental flowers not intended for food use as suggested by Fernandez et al. (2017) including pathogens
like Salmonella and addition of unauthorised chemicals as sulphite or pesticides like dimethoate (CAS 60-51-

5).

A lack of botanical knowledge and the assumption that everything natural possesses no risk is a dangerous
cocktail when harvesting wild plants, which in Italy already from the mid-1990s resulted in an increasing
number of intoxications mainly due to misidentifications of species (Colombo et al., 2010). In the European
Union (EU), novel food is defined as ‘food that has not been consumed to a significant degree by humans in
the EU before 15 May 1997' (Regulation (EC) No 258/97). The newest regulation (Regulation (EU)
2015/2283) came into force 1 January 2018. According to the regulation, the determination of whether a food
was used for human consumption to a significant degree within the Union before 15 May 1997 should be
based on information submitted by food business operators and, where appropriate, supported by other
information available in Member States. One of the underlying principles is that novel foods must be safe for
the consumers. Whereas it is common to use plant parts like roots/tubers, stems, leaves, fruits and seeds for
foods or as spices, blooming flowers have historically rarely been used. Among over 300 major reviewed
food plants (Pilegaard et al., 2007), mainly cultivated, used in Europe up to 1997 for which plant parts have
been specified, flowers were only mentioned for two species i.e. garden nasturtium (Tropaeolum majus L.)
and borage (Borago officinalis L.). Further, it was noted that use of the latter plant might give rise to health
concern. Flowers from a few other species were also listed e.g. two species of Tilia L. (lime) but for

preparations of infusions and not for eating as such.

From May to October 2016 as part of a control campaign the Danish food authorities (the Danish Veterinary
and Food Administration, DVFA) visited 150 restaurants and local producers of e.g. jams, and investigated
their use of plants and mushrooms picked from the wild, grown in private gardens or market gardens with

special emphasis on the species used aiming at developing a list of plants for which safety and novel food



status has been clarified as guidance for business operators. It was a general finding that there was a huge

interest in using plants and mushrooms from the wild as foodstuffs (DVFA, 2017).

Here, we present a toxicological review of flowers identified in the campaign for food use. The review is
based on published information on food use of the flowers before 1997 in addition to published
phytochemical analyses and toxicological data of the flowers after intake in humans, farm animals, pets, or

experimental animals.

2. Methods

The DVFA listed the common Danish and scientific names of the plants, and plant parts used according to
information obtained from the campaign when visiting 150 restaurants and local food producers distributed
all over Denmark. The plant material was photographed. If there was later doubt about the identity of a
reported species, these photos were consulted and the identity of the species was established. Information
on the exact food use, including potential preparation of the plants, was not provided to DVFA and therefore
not reported in this review. This review is restricted to plants from the campaign for which flowers or

inflorescences are used as foodstuffs.

The preferred scientific plant names and commonly used synonyms were substantiated in the botanical
databases first in The Plant List (The Plant List 2013. Version 1.1. Published on the
Internethttp://www.theplantlist.org/) and additionally in the US National Plant Germplasm System
(https://npgsweb.ars-grin.gov/gringlobal/taxon/taxonomysearch.aspx). A plethora of English plant names
exist for all the reviewed plant species. The English common names used stem from either the US National
Plant Germplasm System or Mansfeld's World Database of Agricultural and Horticultural Crops
(https://mansfeld.ipk-gatersleben.de). Danish common names were identified after consulting a botanical
textbook with recommended common names (Jensen et al., 2003). It should, however, be kept in mind that
compared to a scientific name the vernacular or common name does not uniquely identify the species

(Pilegaard et al., 2010).

In the period from February to October, 2017, searches were performed in the bibliographic databases: Web
of Science, Scopus, and SciFinder using the preferred scientific name, and if relevant also synonyms. The

full scientific papers were obtained if abstracts described ethnobotanical studies on food use in European



countries (prior to 1997), constituents, especially if toxicological relevant, experimental laboratory animal
studies on the toxicological effects of the plants and cases of intoxications in humans or animals exposed to
the individual plants. This study focus only on the food use of flowers prior to 15 May 1997, as this is the cut-
off date from which a food substance is considered novel, and thus requiring regulation and testing as
stipulated by EU regulation 2015/2283. Since the novel food regulation for ordinary food use does not apply
for use as flavourings or sole use as ingredients in food supplements, such use of the flowers are not
reported in this review. Use only in agqueous extracts as herbal teas/infusions are also considered as out of
the scope of this paper as is use as traditional herbal medicine when considering a history of food use. It was
checked whether the use of the flowers or inflorescences were mentioned in the Novel Food Catalogue
(https://ec.europa.eu/food/safety/novel_food/catalogue_en), a non-exhaustive list, serving as an orientation

on whether a plant will need an authorisation under the Novel Food Regulation.

During the review, a number of ethnobotanical surveys on plant use in European countries (Switzerland
(Abbet et al., 2014), Cyprus (Della et al., 2006), Czech Republic (Simkova and Polesny, 2015), Poland
(kuczaj, 2008, 2010; tuczaj and Szymanski, 2007), Spain (Menendez-Baceta et al., 2012), Portugal (Pardo-
de-Santayana et al., 2007), Italy (Passalacqua et al., 2007; Pieroni, 1999), Slovakia (Luczaj, 2012), Estonia
(S6ukand and Kalle, 2016), Sweden (Svanberg, 2012), and the Mediterranean area as a whole (Tardio et
al., 2016) were identified and systematically checked for information on use for all reviewed species.
Additionally, former plant use in Denmark, including food use, had been thoroughly described in four book

volumes (Brgndegaard, 1987).

The review includes data on constituents in the flowers (or other plant parts if toxicological relevant) and
cases of intoxications in humans, farm animals or pets after oral intake. Since toxicological information,
including animal and human intoxications, is not always reported in scientific papers, toxicological books
were also consulted (Cooper and Johnson, 1984; Frohne and Pfander, 1997; Mglgaard, 2014) together with
the homepage of the Danish Poison Centre, Giftlinjen (https://www.bispebjerghospital.dk/giftlinjen/), which

provides information about acute effects of ingested plants.

Experimental toxicological data on the flowers are included along with other plant parts, if considered
relevant. When estimating a corresponding dose of fresh plant material from a plant extract, the assumption

of 10% extraction yield and 10% dry weight was used unless specific data were available. Furthermore, in



some cases where no chemical or toxicological information on the species existed, it is briefly mentioned if
other plants within the same genus have given rise to concern for human health. In some cases health
based guidance values like Tolerable Daily Intake (TDI) or Acceptable Daily Intake (ADI) for specific
constituents in the flowers were identified, and rough estimates (e.g. assuming 100% absorption after intake)
of the amount of plant material that could be ingested before exceeding these values have been made.
When exposure data from other food sources are available for a certain compound, this is included in the
calculations of safe edible amounts (for an adult, 70 kg). Interactions or combined health effects of various
constituents in the same plant parts are not considered. If misidentification of the flowering plant with another
toxic species has been described in the literature or a database registering Danish plants

https://www.fugleognatur.dk/, then the possibility of mistaken identity is also mentioned.

3. Results

A total of 23 plants from which flowers or inflorescences are used were identified in the campaign by the
DVFA. Risk assessments of the individual flowers following oral intake based on published phytochemical
analyses and toxicological data in humans and experimental animals are reported below and summarised in
Table 1. In addition, the extent of food use of the flowers prior to 1997 is also reported. No data on toxic

effects in farm animals or pets after oral intake of any of the flowers were available.



Table 1.

Family Preferred scientific name English name Danish name Use in Europe Phytochemistry of Toxicological data
(synonyms) prior to 1997 flowers
Amaryllidaceae  Allium schoenoprasum L. Chives Purlgg No data available + ID
Apiaceae Daucus carota L. Wild carrot, Vild gulerod No data available ++ ID
(Daucus carota L. ssp. carota) Queen Anne’s
lace
Myrrhis odorata (L.) Scop. Cicely Sgdskeerm No data available  No data available ID
Asteraceae Achillea millefolium L. Yarrow Almindelig rallike * +++ TCalc
Calendula officinalis L. Pot marigold Havemorgenfrue ** +++ TCc



Boraginaceae

Brassicaceae

Chrysanthemum coronarium L.

(Glebionis coronaria (L.)

Tzvelev)

Cosmos bipinnatus Cav.

Tagetes tenuifolia Cav.

(Tagetes signata Bartl.)

Anchusa officinalis L.

Borago officinalis L.

Echium vulgare L.

Alliaria petiolata (M.Bieb.)
Cavara & Grande

(Sisymbrium alliaria (L.) Scop.)

Garland

chrysanthemum

Garden cosmos

Signet marigold

Common bugloss

Borage

Viper's bugloss

Garlic mustard

Kronoksegije

Stolt kavaler

Smalfliget

flgjlsblomst

Leegeoksetunge

Almindelig

hjulkrone

Almindelig

slangehoved

Almindelig

lagkarse

No data available

No data available

No data available

No data available

*kk

No data available

*%k

No data available

++

++

No data available

TCb

TCa

TCa

TCb



Fabaceae

Lamiaceae

Oleaceae

Onagraceae

Cytisus scoparius (L.) Link Common broom

Lathyrus japonicus Willd. Beach pea

Lamium album L. White dead nettle

Lamium galeobdolon (L.) Yellow archangel
Ehrend. & Polatschek

(Lamiastrum galeobdolon (L.)

Ehrend. & Polatschek,

Galeobdolon luteum Huds.)

Lamium purpureum L. Red dead nettle

Syringa vulgaris L. Lilac

Epilobium angustifolium L. Fireweed

(Chamaenerion angustifolium

Almindelig gyvel

Strandfladbeelg,

strandeert

Dgvneelde

Guldnaelde

Rad tvetand

Almindelig syren

Gederams

No data available

No data available

*%

No data available

No data available

No data available

+++

No data available

++

++

TCa

TCb

TCb

TCa

TCa



Rubiaceae

Tropaeolaceae

Violaceae

(L.) Scop. , Chamerion

angustifolium (L.) Holub.)

Galium odoratum (L.) Scop.

(Asperula odorata L.)

Galium verum L.

Tropaeolum majus L.

Viola tricolor L.

Woodruff

Lady’s bedstraw

Garden

nasturtium

Heart's ease

Skovmeerke, No data available
bukkar

Gul snerre No data available
Blomsterkarse, ook

tallerkensmaekker

Almindelig *

stedmoderblomst

+++ TCa
+ ID

+++ TCa

++ TCa

Table 1. Summarized data on use, phytochemistry and toxicology of flowers from the campaign by the Danish food authorities (the Danish Veterinary

and Food Administration) May-October 2016, visiting 150 restaurants and local food producers. Use in Europe prior to May 15 1997: * very few data or

seldom used, e.g. during famine; ** occasionally used; *** used. Phytochemical investigations conducted: + very few data; ++ some data available; +++

data available. Toxicological evaluation of oral intake of flowers: ID - insufficient data; TCa - potentially toxic compounds present in flowers; TCb -



potentially toxic compounds present in other plant parts or related species while data for flowers is inconclusive or absent, TCc — toxicological effects

observed in experimental animals or humans due to unidentified toxic compounds.
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Amaryllidaceae

Chives (Allium schoenoprasum L.)

No data exist on the use of flowers as food in Europe prior to 1997. Organosulphur compounds, including
2,4-dimethylthiophene, 3,4-dimethylthiophene, methyl propyl disulphide and dimethyl trisulphide, have been
detected qualitatively in the flowers (Grzeszczuk et al., 2011; Sobolewska et al., 2015). In addition, phenolic
compounds have been isolated including gallic acid, coumaric acid, ferulic acid, rutin and other flavonoids,

and polyphenolic compounds (Fossen et al., 2000; Kucekova et al., 2013; Lopez-Garcia et al., 2013).

The plant is a cultivated food plant but only the leaves as a spice has a history of use in Denmark as well as
other European countries (Brgndegaard, 1987; Pilegaard et al., 2007). Studies providing quantitative data on
chemical substances (nitrate, organosulphur compounds, flavonoids, biogenic amines, salicylic acid) in the
leaves, aerial parts or essential oils exist (Blekkenhorst et al., 2017; Justesen and Knuthsen, 2001; Kovacs

et al., 1999; Kubec et al., 2000; Malakar et al., 2017; Rattanachaikunsopon and Phumkhachorn, 2008)

No data on toxic effects in humans after intake of the flowers of A. schoenoprasum and no experimental

animal data are available.

Due to lack of phytochemical studies on the flowers, it is not possible to evaluate whether their ingestion will
give rise to similar effects as observed with the leaves, and therefore suggesting a substantial equivalence
safe for human consumption at this stage would be meaningless. In conclusion, there are insufficient data

available in order to establish a safe amount of flowers from A. schoenoprasum for human consumption.

Apiaceae

Wild carrot, Queen Anne’s lace (Daucus carota L.)

No data exist on use of the inflorescences as food in Europe prior to 1997. The major part of the essential oil
consists of monoterpenes (a-pinene, sabinene, myrcene, and 3-bisabolene) (Gonny et al., 2004; Radulovic
et al., 2011, Staniszewska and Kula, 2001; Staniszewska et al., 2005). Alkoxy-substituted benzyl derivatives,

methyl isoeugenol (9.4%) and elemicin (4%), were isolated from the essential oil of inflorescences in one

11



study of Corsican D. carota (Gonny et al., 2004); however, three studies did not find alkoxy-substituted
benzyl derivatives or only trace amounts (Radulovic et al., 2011; Staniszewska and Kula, 2001;
Staniszewska et al., 2005) and thus more data are needed to clarify to what extent these compounds are

present in the inflorescences.

No data on toxic effects in humans after intake of the flowers of D. carota and no experimental animal data
are available. Some alkoxy-substituted benzyl derivatives (e.g. methyl eugenol and elemicin), which are also
present in spices, are carcinogenic in experimental animals and have been classified by the International
Agency for Research on Cancer (IARC) as group 2B: potential carcinogen to humans. Methyl isoeugenol is
not genotoxic (Kobets et al., 2016; Rietjens et al., 2014) and has not been classified by IARC. If the levels of
alkoxy-substituted benzyl derivatives in inflorescences of D. carota are at the same level or lower than what it

found in spices normally used, it may not be considered a heath concern.

Many plants belonging to Apiaceae contains furocoumarins, which are photogenotoxic and carcinogenic
(Seborg et al., 1996) but no data are available for inflorescences from D. carota. Polyacetylenes (falcarinol,
falcarindiol and falcarindiol 3-acetate) were detected in the root at levels similar to that of commercially sold

carrots (Metzger and Barnes, 2009) but no data on their presence in inflorescences are available.

The family Apiaceae contains many edible but also highly poisonous plant species and botanical knowledge
is therefore advisable if plants belonging to this family are collected from the wild (Faurholdt et al., 2014;

Mglgaard, 2014).

Due to inadequate chemical data, it is not possible to evaluate whether ingestion of the inflorescences give
rise to similar intake of constituents as from eating the roots (carrots) from the cultivated plant, and thus may
be considered safe due to substantial equivalence. Therefore, it is not possible to establish a safe amount of

inflorescences from D. carota for human consumption.

Cicely (Myrrhis odorata (L.) Scop.)

No data exist on use of inflorescences as food in Europe prior to 1997 and no phytochemical investigations

of the flowers have been conducted. The essential oil from the leaves contains alkoxy-substituted benzyl

12



derivatives (anethol, methyl eugenol, and estragole) (Hussain et al., 1990). No data are available on whether

M. odorata contains furocoumarins.

No data on toxic effects in humans after intake of the flowers of M. odorata and no experimental animal data
are available. As described for wild carrot, the family Apiaceae contains many edible but also highly
poisonous plant species and botanical knowledge is therefore advisable if plants belonging to this family are

collected from the wild (Faurholdt et al., 2014; Mglgaard, 2014).

In conclusion, there are no phytochemical and toxicological data available in order to establish a safe

amount of flowers from M. odorata for human consumption.

Asteraceae

Yarrow (Achillea millefolium L.)

The flowering aerial parts have been used in Denmark in the early 1900s in soups (Brgndegaard, 1987) and
flowers and stalks are also today in Estonia occasionally eaten by children as a snack (S6ukand and Kalle,
2016). According to the Novel Food Catalogue the food use of the plant is novel in EU, whereas food
supplement use of flowers and aerial parts is recognised in EU before 15 May 1997. The essential oil from
the flowers contains monoterpenes (1,8-cineole, camphor, a- and B-thujone, and menthol), sesquiterpene
lactones (a-peroxyachifolid, austricine, balchanolide and achillin), and aromatic compounds (azulene and
chamazulene) (Bejnarowicz and Smolenski, 1968; Guarrera and Savo, 2016; Hachey et al., 1990; Hausen et
al., 1991). Additional studies providing quantitative data on chemical substances (flavonoids, tannins,
alkaloids and salicylic acid) in the leaves, aerial parts or essential oils exist (Chandler et al., 1982; Guarrera

and Savo, 2016; Ivancheva et al., 2000; Kremers, 1921; Tunon, 1998).

No data on toxic effects after oral intake of the flowers of A. millefolium in humans are available.

Experimental data on flowers are available. In mice, exfoliation of immature germ cells, germ cell necrosis,
and seminiferous tubule vacuolization were observed when male Swiss albino mice were administered
(orally by gavage for 30 days) a hydroalcoholic extract of the flowers of A. millefolium at the dose of 300

mg/kg bw/day, which corresponds to 20 g fresh flowers/kg bw (based on data in the paper on a yield of

13



14.8%) (Montanari et al., 1998). A study in Wistar rats (Takzare et al.,, 2011) investigated the effects on
testicular tissue when male rats for 22 days were administered an ethanolic extract of the flowers of A.
millefolium at 800 mg/kg bw/day (which corresponds to 80 g fresh flowers/kg bw). Basal membrane was
partially thickened, seminiferous tubules were completely vacuolized, germ cells number was low, and
bleeding was observed. Further toxicological studies are needed to elucidate whether intake of the flowers at
various doses has toxic effects on the reproductive system. Such effects have not been described for
thujone, or any of the other identified compounds, and are therefore likely caused by unidentified toxic

compound(s).

Thujone occurs in nature as a variable mixture of a-thujone and B-thujone in various plant parts and the
essential oils from a number of plants including absinthe (Artemisia absinthium L.) and sage (Salvia
officinalis L.). The neurotoxicity of thujone is well characterized in vitro and in vivo and from cases with
severe intoxications in humans after consumption of essential oils rich in thujone or over-dosage of alcoholic
A. absinthium preparations (Pelkonen et al., 2013). Thujone (a- and B-) act as antagonist of the GABA
receptor subtype A (GABA,) in vitro (H6Id et al., 2001; Hoéld et al., 2000). Based on two earlier subchronic
studies in rats cited by the European Commission’s Scientific Committee on Food (SCF, 2002), a NOEL (No
Observed Effect Level) of thujone was set to 10 mg/kg bw in males and 5 mg/kg bw in females at a level
where convulsions were not reported. In more recent studies by the National Toxicology Program (NTP), a-
thujone and an isomeric mixture of a- and B-thujone were administered to F344/N rats and B6C3F1 mice of
both sexes (orally by gavage) (NTP, 2011). In the rat, the NOAEL (No Observed Adverse Effect Level) for

mortality and tonic seizures was 12.5 mg/kg bw/day (no NOAEL could be established for clonic seizures).

In 2008, the European Council confirmed its limit of 0.1 mg/kg from 2005 for total thujone (a- and -) in food
and beverages and calculated a theoretical maximum daily intake (TMDI) of 0.01 mg/kg bw/day. Using the
benchmark dose model (benchmark dose lower confidence limit 10%, BMDL4,) and an assessment factor of
100, Lachenmeier and Uebelacker (2010) estimated a ADI for thujone at 0.1 mg/kg bw/day, corresponding to

7.0 mg/day (70 kg adult).

Sage is the major source of thujone in food and food ingredients where it is added as flavouring to meat
products, ice cream, oils, candy etc. The estimated total mean intake of thujone from food sources in

Switzerland was 3.6 pg/kg bw/day (Amberg-Mdiller, 2007). The fresh flowers of A. millefolium contain 0.37
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mg thujone/g (based on 1.7% (v/w) essential oil with 21.7% thujone). Using a mean intake of thujone from
other sources based on the Swiss data, an intake of more than 18 g fresh flowers per day (70 kg adult) of A.

millefolium will exceed the ADI for thujone.

In conclusion, phytochemical data of the plant are available showing a high content of a-, and B-thujone in
the essential oil from the flowers. No data are available on toxic effects after intake of the flowers of A.
millefolium but the toxicity of thujone is well characterised. Further toxicological studies are needed to

elucidate whether intake of the flowers has toxic effects on the reproductive system.

Pot marigold (Calendula officinalis L.)

Part of the flowers (ray flowers) are used occasionally in Switzerland as an ingredient in salads (Abbet et al.,
2014) and were used in Denmark in salads in the early 1800s (Brgndegaard, 1987). The European
Medicines Agency (EMA) has listed ray flowers as a traditional herbal medicine in Europe, however, only for
cutaneous use or as a gargle or mouth wash (BVL, 2014; EMA, 2008a, b). Ray flowers contain triterpene
saponins, triterpene alcohols, ionone- and sesquiterpene glycosides, carotenoids (primarily lutein and
zeaxanthin), coumarins (scopoletin, umbelliferone, asculetin) and polysaccharides (El-Seedi et al., 2017,
EMA, 2008b; Olennikov and Kashchenko, 2014; Olennikov et al., 2017). The essential oil from the flowers
consists primarily of a-cadinol. In addition, smaller amounts were detected of oxalic acid (0.7 mg/100 g dry

weight), quinic acid, malic acid, citric acid and fumaric acid in the air-dried flowers (Miguel et al., 2016).

No data on toxic effects in humans after intake of flowers of C. officinalis were identified.

Experimental data are available: The genotoxicity of ethanolic extracts (60%) of the flowers was investigated
in vitro (Ames test, Aspergillus nidulans and micronucleus tests). The overall conclusion was negative
(Ramos et al., 1998). An aqueous extract of flowers and leaves of C. officinalis was genotoxic when tested in
the Comet assay (Sabir et al., 2015), however, it is not possible to decide whether the effect is caused by the

flowers or leaves or a combination of these.

A single dose of an ethanolic extract (70%) of the flowers showed no acute toxicity when administered orally

by gavage to Swiss albino mice at the doses of 0.625, 1.25, 2.5 or 5 g/kg bw. In a subchronic toxicity study,
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no sign of toxicity was observed when Wistar rats were administered doses of 0.025, 0.25, 0.5 or 1 g/kg
bw/day orally by gavage for 30 days. There were no histopathological findings in heart, kidneys or brain but

hepatic inflammation was observed at the highest dose tested (Silva et al., 2007).

In a study in Wistar rats, the acute and subchronic oral toxicity of an aqueous extract of the flowers was
investigated. No toxic effects were observed when the extract was administered orally in drinking water at 2
g/kg bw (single dose, acute). Increased number of total white blood cells, changes in blood parameters, and
slight histopathological changes in the liver were observed in few animals (2/10 in both sexes) at the highest

dose of 1 g/kg bw/day after 90 days (repeated dose) (Lagarto et al., 2011).

An ethanolic extract (70%) of the flowers was administered orally by gavage to Wistar male rats at doses of
0.25, 0.5 or 1 g/kg bw/day for 60 days. At days 53-60, female rats were mated with the male rats, and no
toxic effects were observed (bodyweight gain, offspring, and male reproductive toxicological parameters).
Female rats were administered the ethanolic extract at the same doses at gestation day 1-6
(preimplantation), 7-14 (organogenesis) or day 15-19 (foetal period). No toxic effects in early and middle
periods of pregnancy were reported. Maternal toxicity was observed when the extract was administered at

the highest dose during the foetal period of pregnancy (Silva et al., 2009).

In conclusion, the available phytochemical data have not identified constituents of concern. Experimental
data suggest no genotoxic or developmental toxic effects but adverse effects on the liver and changes in
blood parameters cannot be ruled out based on two studies in rodents with flower extracts for which data did

not allow estimation of the corresponding dose of flowers.

Garland chrysanthemum (Chrysanthemum coronarium L.)

No data exist on use of flowers as food in Europe prior to 1997. Studies have investigated the essential oil of
the flowers, which primarily consists of camphor (22-29%) and cis/trans-chrysantenyl acetate or a-pinene

(Alvarez-Castellanos et al., 2001; Flamini et al., 2003; Marongiu et al., 2009; Senatore et al., 2004).

No data on toxic effects in humans following oral intake of the flowers of C. coronarium and no experimental

animal data are available. Pyrethrines have been isolated from another Chrysanthemum species (C.
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cinerariifolium (Trevir.) Vis. (Tanacetum cinerariifolium (Trevir.) Sch.Bip.)) but were not detected in C.

coronarium (Marongiu et al., 2009).

In the assessment of camphor in flavourings and other food ingredients with flavouring properties (spices
containing camphor), the European Food Safety Authority (EFSA) estimated the chronic exposure to 250
pg/kg bw/day and suggested that maximum limits should be set to ensure that exposure to camphor does
not exceed an intake of 2 mg/kg bw on a single day in any age group (EFSA, 2008a). The content of
camphor in the flowers does not give rise to a health concern since an adult (70 kg) may eat more than 3 kg
fresh flowers (based on 0.13% essential oil with 29% camphor) before the maximum limit for acute toxicity of

camphor is exceeded.

In conclusion, no safe amount of flowers from C. coronarium for human consumption could be established

due to limited phytochemical data and insufficient toxicological data.

Garden cosmos (Cosmos bipinnatus Cav.)

No data exist on use of flowers as food in Europe prior to 1997. Phytochemical investigations of the flowers
are limited to a single identification of triterpene alcohols in the flowers (Akihisa et al., 1996). No data exist

on toxic effects in humans and no experimental animal data are available.

In conclusion, there are insufficient phytochemical and toxicological data available to establish a safe amount

of flowers from C. bipinnatus for human consumption.

Signet marigold (Tagetes tenuifolia Cav.)

No data exist on use of flowers as food in Europe prior to 1997. The essential oil of the flowers contains
terpenoids and ketones including dihydrotagetone, tagetone, (Z)-ocimene, (Z)-ochimenon and (E)-ocimenon.
A thiophene (a-terthienyl) (184 mg/kg dry weight) and a carotenoid (lutein) have been isolated from the

flowers (Khalil et al., 2012; Marotti et al., 2010).
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No data exist on toxic effects in humans following intake of the flowers of T. tenuifolia and no experimental

animal data are available.

Acute oral toxicity was observed when a-terthienyl was administered to male rats at a single dose of 200
mg/kg bw whereas no effect was observed at 50 mg/kg bw (16 male rats/group). The toxic effects are not
further described (Marles et al., 1995). A subsequent subchronic study by the same research group failed to
show any toxic effects (body and organ weight, biochemical and histopathological endpoints) when a-
terthienyl was administered orally to Wistar rats at 5 mg/kg bw/day for 28 days. Detailed data from the

toxicological study are not presented in the paper (Marles et al., 1995).

In conclusion, there are insufficient phytochemical and toxicological data available to establish a safe amount

of flowers from T. tenuifolia for human consumption.

Boraginaceae

Common bugloss (Anchusa officinalis L.)

No data exist on use of flowers as food in Europe prior to 1997. No phytochemical analysis has been
published of the flowers. Lycopsamine, an 1,2-unsaturated pyrrolizidine alkaloid, has been detected in the

aerial parts and in seeds (Broch-Due et al., 1980; Pedersen, 1975; These et al., 2013).

No data on toxic effects in humans and no experimental animal data following oral intake of the flowers of A.

officinalis are available.

Unsaturated pyrrolizidine alkaloids (1,2-unsaturated and their N-oxides) are hepatotoxic, genotoxic,
carcinogenic and are causing developmental toxicity in animal studies. In humans, toxic effects after intake
of herbal medicine or teas with plants containing 1,2-unsaturated pyrrolizidine alkaloids and outbreaks after
intake of contaminated crops have been reported, the latter with mortalities (EFSA, 2011a). Lycopsamine is
not genotoxic in vitro in bacteria; however it causes mutations in Drosophila melanogaster and thus is
considered potential genotoxic (EFSA, 2011a). When administered to female F344 rats, lycopsamine causes
fewer hepatic DNA-adducts when compared to other 1,2-unsaturated pyrrolizidine alkaloids (Xia et al.,

2013).
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In conclusion, there are no phytochemical or toxicological data available on the flowers of A. officinalis.
However a 1,2-unsaturated pyrrolizidine alkaloid, lycopsamine, has been detected in other plant parts that
possesses a potential health concern if consumed. Further studies are needed to evaluate whether this or

other pyrrolizidine alkaloids are also present in the flowers.

Borage (Borago officinalis L.)

Flowers have been used in Switzerland and Denmark in salads, as spice, or as a snack (Abbet et al., 2014;
Brgndegaard, 1987). In Spain, the flowers were sucked for nectar by children and have been used to

decorate salads as early as in the 1700s (Tardio et al., 2016).

Phytochemical analyses of the flowers have focused on pyrrolizidine alkaloids, which are present in the
aerial parts of the plant. Thesinine, a saturated pyrrolizidine alkaloid, which are considered non-genotoxic
(Ruan et al., 2014), was the only pyrrolizidine alkaloid that was detected in the flowers by Dodson and
Stermitz (1986), whereas trace amounts of lycopsamine in the flowers were detected by Avula and co-
workers (2015) and quantifiable amounts reported by Cramer and co-workers (2013). Considerable amounts
of mostly unknown 1,2-unsaturated pyrrolizidine alkaloids have been detected in the stem spadix (2,3% of

dry weight) (These et al., 2013).

The essential oil from flowers and leaves contains aldehydes, ketones, alcohols, phenolic compounds,

monoterpenes, sesquiterpenes, acetic acid and heptanoic acid (Mhamdi et al., 2009; Saadatian et al., 2017).

No data are available on toxic effects in humans and no experimental animal data following oral intake of the
flowers are available. The German Federal Office of Consumer Protection and Food Safety (BVL) lists the
plant as List B: ‘Substances that are only used in food and for which a dose restriction is required due to

certain constituents.’ (BVL, 2014).

In conclusion, toxic 1,2-unsaturated pyrrolizidine alkaloids have been detected in the aerial parts of B.
officinalis and in highly varying degree in the flowers, which possess a potential health concern if the flowers

are used for human consumption.
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Viper's bugloss (Echium vulgare L.)

No data exist on use of flowers as food in Europe prior to 1997. Phytochemical analysis of flowers from
Germany found 1,2-unsaturated pyrrolizidine alkaloids (N-oxides primarily) at 2.0 mg/g whereas analysis of
American flowers found 2.1 mg/g (estimated echimidine equivalents) (Kempf et al., 2010; Mudge et al.,
2015). Analysis of two samples of pollen from E. vulgare found 8 mg/g and 14 mg/g (estimated lasiocarpine-
N-oxide equivalents) (Boppré et al., 2005). High concentrations of 1,2-unsaturated pyrrolizidine alkaloids of
13.5 mg/g (estimated average echimidine equivalents) were detected in pollen from E. vulgare from
Switzerland while the concentration in nectar was 500 times lower (25 pg/g). A lower content of 1,2-
unsaturated pyrrolizidine alkaloids of 0.9 mg/g pollen (retronecine equivalents) was reported by Kempf and

co-workers (2010).

No data exist on toxic effects in humans following oral intake of the flowers of E. vulgare and no

experimental animal data are available.

In conclusion, due to the presence of toxic 1,2-unsaturated pyrrolizidine alkaloids it possesses a potential

health concern if the flowers are used for human consumption.

Brassicaceae
Garlic mustard (Alliaria petiolata (M.Bieb.) Cavara & Grande)

Flowers were used in 20" century ltaly and Bulgaria (Nedelcheva, 2013; Ranfa et al.,, 2014). No
phytochemical analysis of flowers has been conducted. Other plant parts e.g. leaves have a high content of
erucic acid (31%) in the lipid content (0.5% of dry weight) (Goffman et al., 1999; Guil-Guerrero et al., 1999)
and glucosinolates, sinigrin in leaves, and glucotropaeolin (benzyl glucosinolate) in roots were detected.
When the plant material is crushed or chewed, glucotropaeolin is metabolized by plant endogenous enzymes
to benzyl isothiocyanate, which in A. petiolata can be further metabolized to hydrogen cyanide (HCN) (Frisch
et al., 2014), that has been detected in high amounts (0.1 mg/g) in the fresh leaves (Cipollini and Gruner,

2007).
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No data on toxic effects in humans and no experimental animal data following oral intake of the flowers of A.

petiolata are available.

EFSA has established a TDI for erucic acid of 7 mg/kg bw/day (EFSA, 2016b) and an Acute Reference Dose
(ARfD) for HCN at 20 pg/kg bw based on human data (EFSA, 2016a). Furthermore, benzyl isothiocyanate

has been studied in experimental animal studies.

A subacute oral toxicity study showed decreased body weight gain and food intake when rats were
administered benzyl isothiocyanate at doses of 50, 100, or 200 mg/kg bw/day for 14 days. Haematological
changes, peritonitis, and histopathological findings (in the common bile duct, liver, small intestine and lymph
nodes) were observed at the highest dose level (Lewerenz et al., 1992). In another study, benzyl
isothiocyanate at doses of 12.5-50 mg/kg bw/day for 14 days did not cause significant pre- and post-
implantation foetal loss in pregnant rats but induced low foetal and placental weights that could be of

obstetrical importance (Adebiyi et al., 2004).

In conclusion, since no data on the potential contents of erucic acid, HCN and benzyl isothiocyanate in the
flowers of A. petiolata are available, it is not possible to compare the intake of these toxic substances from

the flowers with the health based guidance values.

Fabaceae

Common broom (Cytisus scoparius (L.) Link)

No data exist on use of flowers as food in Europe prior to 1997. Quinolizidine alkaloids (0.21% of wet weight)
and tyramine (0.13% of wet weight) have been detected in flowers (Murakoshi et al., 1986). Phytochemical
analysis of the flowers showed an average total quinolizidine alkaloid content between 299-610 pg/g dry
weight (with samples as high as 801 ug/g dry weight) whereas the average total tyramine content was
between 643-1657 ug/g dry weight (with samples as high as 2783 ug/g dry weight) (Gresser et al., 1996).
Sparteine was the major quinolizidine alkaloid (<98%) with 11,12-dehydroxysparteine, lupanine, 17-

oxosparteine, and 13a-hydroxylupaine in smaller amounts. Lectins and isoflavones have been detected in
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other plant parts (Bird and Wingham, 1980; Cunha et al., 2012; Konami et al., 1992; Young et al., 1984) but

the flowers have not been investigated.

The plant is listed among toxic plants in botanical handbooks (Cooper and Johnson, 1984; Frohne and
Pfander, 1997; Mglgaard, 2014) but no recent toxic effects after oral intake of the flowers have been
described. BVL lists all plant parts of C. scoparius on List A: ‘Substances not recommended for use in foods

due to known risks’ (BVL, 2014).

The toxicity of quinolizidine alkaloids has been studied in seeds of Lupinus species. Acute oral toxic effects
include nausea, vomiting, sweating, mydriasis, visual disturbance, ataxia, ventricular extrasystole, respiratory
arrest, unconsciousness and dead. Mortalities in children have been reported after intake of 11-25 mg total

quinolizidine alkaloids/kg bw (Cheeke, 1989; Pilegaard and Gry, 2008)

Sparteine was previously used as an approved drug for the treatment of cardiac arrhythmias and to induce
labour at 150 mg, intramuscular, but is now replaced by other products. Nine percent of the white English

population are poor metabolizers of sparteine (Galloway et al., 1992).

Tyramine, which occurs in many plants and in fermented foods, may cause hypertension, headache,
mydriasis, and sweating following high intake (EFSA, 2011b). The symptoms are reversible and normally
disappear after hours or within a day. Due to insufficient data, EFSA was not able to calculate a NOAEL but
no toxic effects were observed in healthy adults after intake of 600 mg tyramine from a single meal.

Treatment with monoamine oxidase inhibitors (MOAIs) increased the sensitivity to tyramine (EFSA, 2011b).

Other toxic plants including European gorse (Ulex europaeus L.) and Genista species (that is somewhat

confusing also often called broom in English) may be mistaken for C. scoparius (Mglgaard, 2014).

In conclusion, the use of the flowers of C. scoparius for human consumption possesses a potential health

concern due to presence of toxic compounds.

Beach pea (Lathyrus japonicus Willd.)
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No data exist on use of flowers as food in Europe prior to 1997. No phytochemical analysis of the flowers of
L. japonicus are available but other members of the Lathyrus genus contain toxic amino acids including 3-
[(carboxycarbonyl)amino]-L-alanine (also known as L-BOAA or ODAP) and 3-aminopropanenitriie (BAPN).
Phytochemical analysis of a subspecies L. japonicus ssp. maritimus (L.) P.W.Ball showed L-BOAA in mixed
mature and immature seeds (4 mg/100 g dry weight), in fresh green seeds (2.9 mg/100 g dry weight) and in

stems (0.7 mg/100 g dry weight) (Chavan et al., 2003). Flowers were not studied.

No data on toxic effects in humans following intake of the flowers of L. japonicus and no experimental animal

data on the flowers are available.

L-BOAA is a neurotoxin causing motor neuron degeneration (lathyrism). BAPN causes bone deformity
including epiphyseal plate lesions, degenerative arthritis (osteolathyrism) and aneurysm of the aorta
(angiolathyrism) in animal studies (Wawzonek et al., 1955), and causes effects on collagen metabolism in

clinical studies (Keiser and Sjoerdsma, 1967).

Epidemics of neurolathyrism following intake of L. sativus have been reported in Europe and Asia in the 18-
1900s during famine e.g. The Spanish Civil War (Gimenez-Roldan and Spencer, 2016), in a labour camp
during World War 1l (Cohn and Streifler, 1983), and in Ethiopia 1976-77 and 1995-97 (Getahun et al., 1999).
Clinical signs appear 3-6 months after ingestion of a diet containing at least 400-500 g of the seeds of L.
sativus, which contains L-BOAA and BAPN. Neurolathyrism, osteolathyrism and angiolathyrism have been

reported after intake of large amounts of L. sativus in Bangladesh (Haque et al., 1997).

In conclusion, although no phytochemical data or toxicological data on the flowers of L. japonicus exists,
data from other plant parts from a subspecies and from other Lathyrus species show a presence of toxic

amino acids and thus the flowers possess a potential health concern if used as food for human consumption.

Lamiaceae

White dead nettle (Lamium album L.)

Flowers were used as a snack during agricultural work in Switzerland, by kids in Estonia and have been

used in local Mediterranean dishes together with leaves and shoots (Abbet et al., 2014; S6ukand and Kalle,
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2016; Yordanova et al., 2014). A children amusement of sucking drops of nectar from the bases of the
flowers of L. album is described (Brgndegaard, 1987; tuczaj, 2008; Simkova and Polesny, 2015; Soukand
and Kalle, 2016; Svanberg, 2012). Various alkanes, ketones, alcohols and terpenes have been detected in
the essential oil from the flowers (Alipieva et al., 2003; Morteza-Semnani et al., 2016). Iridoid glycosides
have been detected in the aerial parts or whole plant (Alipieva et al., 2007; Alipieva et al., 2006; Damtoft,
1992) but the flowers have not been analysed. In the aerial parts (a mixture of flowers, leaves and stems)
verbascoside and isoverbascoside accounted for 55% of the quantified phenols (Pereira et al., 2012).
Phytoecdysteroids have been detected in the flowers (Budzianowski and Skrzypczak, 1995; Pereira et al.,

2012; Savchenko et al., 2001),

Verbascoside showed increased chromosome aberrations and sister chromatid exchanges in vitro in human
lymphocytes cultures. However, the results may be due to instability and breakdown of verbascoside to
caffeic acid and 3,4-dihydroxyphenyl ethanol in test media (Santoro et al., 2008) (caffeic acid is classified by
IARC as 2B: possibly carcinogenic to humans, based on animal studies (IARC, 1993)). Verbascoside was
not genotoxic in vivo in two strains of Drosophila melanogaster but the results may be due to low absorption

from the gut of the compound (Santos-Cruz et al., 2012).

BVL lists the plant as List B: ‘Substances that are only used in food and for which a dose restriction is
required due to certain constituents’ (BVL, 2014). BLV recognizes the use of the plant for infusions but not

for ordinary food use.

No data exist on toxic effects in humans after oral intake of flowers of L. album and no experimental animal

data are available.

In conclusion, further studies are needed to establish whether verbascoside is present in the flowers, and

whether the substance is genotoxic before a safe amount can be established for human consumption.

Yellow archangel (Lamium galeobdolon (L.) L.)

No data exist on use of flowers as food in Europe prior to 1997. From Spain, a children amusement of

sucking drops of nectar from the bases of the flowers of L. galeobdolon is described (Menendez-Baceta et
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al.,, 2012). A benzoxazinoid 2,4-dihydroxy-1,4-benzoxazin-3-one (DIBOA) concentration of 5 mmol/kg wet
weight was detected in flowers and 7.7 mmol/kg wet weight in flower buds (Schullehner et al., 2008). From
the aerial parts DIBOA and four benzoxazinoid glycosides (blepharin, 6-hydroxy blepharin, 7-hydroxy
blepharin and DIBOA glycoside) have been isolated (Alipieva et al., 2003). Other identified compounds from
the aerial parts include iridoid glycosides (Alipieva et al., 2006; Bianco et al., 1986) and a phenolic glycoside
(Nikolova and Asenov, 2006). Phytoecdysteroids were detected in the seeds but no information of the

flowers is available (Savchenko et al., 2001).

No data on toxic effects in humans after oral intake of flowers of L. galeobdolon and no experimental animal

data are available.

DIBOA has been tested in various genotoxicity tests. In a screening for in vitro genotoxicity using a bacterial
reverse mutation test, though limited to Salmonella typhimurium tester strains TA100 and TA98, DIBOA was
positive (Hashimoto et al., 1979). DIBOA was genotoxic in S. typhimurium TA100 (with and without added
metabolic activation) and in TA98 (with metabolic activation) to a minor extent. When the test was repeated
(Buchmann et al., 2007), DIBOA was again found to be genotoxic in TA100 (dose dependently, with and
without metabolic activation) but only genotoxic at the highest concentrations in TA98 and in another S.
typhimurium strain, YG1024. The concentration of DIBOA resulting in genotoxic effects was high compared
to known high-potent genotoxic compounds. DIBOA showed no effect in a Comet assay whereas a
micronucleus test showed that the substance caused an increased number of micronuclei due to an
aneugenic mechanism (evaluated by a fluorescence in situ hybridization (FISH) technique) (Buchmann et al.,

2007).

In conclusion, the presence of DIBOA suggests that the use of the flowers of L. galeobdolon for food

possess a potential health concern.

Red dead nettle (Lamium purpureum L.)

No data exist on use of flowers as food in Europe prior to 1997. The essential oil from the flowers contain
esters, terpenes (squalene) and 2,4-dichloro-1-methyl benzene (Alipieva et al., 2003). No other chemical

analysis of the flowers was identified. Reported constituents in other plant parts (the aerial parts) were:
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iridoid glycosides (lamiol, lamioside, 5-deoxylamiol, lamalbide, barlerine, caryoptside and shanzhisid methyl
ester) (Alipieva et al., 2003; Alipieva et al., 2007; Ito et al., 2006; Yalcin et al., 2008), phytoecdysteroids (20-
hydroxyecdysone and 24-epi-pterosterone) and phenolic compounds (verbascoside, isoverbascoside,
leucoseptoside A, trans-lamiuside E and lamiuside A, B, C, D, and E) (Alipieva et al., 2003; Ito et al., 2006;

Savchenko et al., 2001).

No data on toxic effects in humans after oral intake of flowers, and no experimental animal data are

available.

In conclusion, it is not possible to establish a safe amount of flowers for human consumption based on the

limited data.

Oleaceae

Lilac (Syringa vulgaris L.)

No data exist on use of flowers as food in Europe prior to 1997. The essential oil from the flowers contains
1,8-cineole (eucalyptol) (0.2-7.5 % of total essential oil) (Oh et al., 2008). Verbascoside (2.5% of dry weight)
and echinacoside (0.8% of dry weight) have been isolated from the flowers in addition to oleuropein (1% of

dry weight) (Toth et al., 2016).

No data are available on toxic effects in humans after oral intake of the flowers of S. vulgaris.

Studies testing the genotoxicity of verbascoside have already been described under Lamium album L.

Two studies in Wistar rats showed no toxic effects when an ethanol tincture (flowers-ethanol, 1:5) was
administered orally by gavage either as a single dose or once daily for 14 days (Berbecaru-lovan et al.,
2016; Berbecaru-lovan et al., 2014). The scientific value of these studies is limited: Endpoints were
behaviour and acute toxicity but no information was available on doses, number or sex of animals per dose

and no autopsy was performed.

In conclusion, due to the few phytochemical data and the limited value of the experimental studies

performed, it is not possible to establish a safe amount of flowers for human consumption.

26



Onagraceae

Fireweed (Epilobium angustifolium L.)

The plant is listed among species from which flowers and other plant parts like leaves have been used as
emergency bread additives in the 1800s Sweden (Svanberg, 2012). Other plant parts including
inflorescences have been used by Baltic Germans in the 1800s (S6ukand and Kalle, 2016). No other data on
use of flowers as food in Europe prior to 1997 were identified. The plant (herb and flower) is listed as a

traditional herbal medicine in Europe (EMA, 2015).

The flowers and leaves contain polyphenolic compounds (150-200 mg/g dry weight flowers and leaves),
which primarily consists of ellagitannins (90%) (Baert et al., 2017; Hiermann and Radl, 1998). Lectins have

been detected in the flowers (Abudayeh et al., 2016).

No data are available on toxic effects in humans after oral intake of flowers of E. angustifolium.

Lectins are potential acute oral toxic unless heat-inactivated (e.g. by cooking). However, no data suggest

oral toxicity of the lectins in E. angustifolium.

No experimental studies with the flowers were identified but other plant parts have been investigated. No
toxic effects were observed (hepatic enzymes, histopathological endpoints in liver, kidneys, thymus and
spleen) when male Wistar rats were administered 1.5 ml of an ethanolic extract of stem, leaves and flowers
orally by gavage for 10 days (Roman et al.,, 2010). Anti-androgenic effects (reduced weight of vesicular
seminalis) and pro-androgenic effects (increased weight of prostate and musculus laevator ani) were
observed in male Wistar rats that were dosed orally by gavage with 40 mg/kg bw/day (corresponding to a
dose of 400 mg fresh plant material/lkg bw/day) of an aqueous extract of the aerial parts for 20 days

(Hiermann and Bucar, 1997). The number of animals was not reported.

In conclusion, since the flowers have not been studied in experimental animal studies, it is not possible to
evaluate whether the effects on the reproductive system observed with the aerial parts when administered to
rats also applies to the flowers. Thus, it is not possible to establish a safe amount of the flowers for human

consumption.
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Rubiaceae

Woodruff (Galium odoratum (L.) Scop.)

No data exist on use of flowers as food in Europe prior to 1997. The essential oil from the plant contains high
levels of coumarin (up to 1% of dry weight in the leaves, less in the flowers) and smaller amounts of thymol,

a-thujone, and other monoterpenes (Laub and Olszowski, 1982; Lim, 2014; Martin and Bodson, 2010).

No data on toxic effects in humans following intake of the flowers of G. odoratum and no experimental data
are available. BVL lists the plant as List B: ‘Substances that are only used in food and for which a dose

restriction is required due to certain constituents’ (BVL, 2014).

Coumarin was used as an approved drug in the 1970s, but adverse effects (hepatotoxicity) caused the drug
to be retracted in the 1990s (Andrejak et al., 1998; Cox et al., 1989; Loprinzi et al., 1997; WHO, 1995).
Clinical trials indicate that a subgroup of the population show coumarin-induced hepatotoxicity probably due
to an immune mechanism (Abraham et al., 2010). EFSA estimated a TDI based on animal studies for
coumarin at 0.1 mg/kg bw/day, which was confirmed by the German Federal Institute for Risk Assessment
(BfR) based on human data (BfR, 2006b; EFSA, 2004). EFSA later also added that intake of up to 3 times
TDI for 1-2 weeks are of no health concern (EFSA, 2008b). A total daily exposure of coumarin of 0.27 mg/kg
bw was estimated for 2-5 year-old children, the group with the highest exposure (BfR, 2006a). There are no
corresponding data for adults. Intake of more than 7 g fresh flowers of G. odoratum by a 70 kg adult (based

on 1% coumarin) will exceed TDI for coumarin.

In conclusion, 7 g of fresh flowers of G. odoratum is considered a safe amount of flowers for human

consumption.

Lady’s bedstraw (Galium verum L.)

Early literature suggest that the flowers were used in 1600-1700s Denmark to coagulate milk in cheese

manufacture (Brgndegaard, 1987). A more recent food use of flowers closer to 1997 was not identified.
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Terpenes (squalene, 20.8%), alcohols (cis-3-hexen-1-ol, 29.8%) and fatty acids have been isolated from the

essential oil of the flowers (I'ina et al., 2009).

No data on toxic effects in humans and no experimental data are available.

In conclusion, it is not possible to establish a safe amount of flowers from G. verum for human consumption.

Tropaeolaceae

Garden nasturtium (Tropaeolum majus L.)

Flowers have been used as food or food ingredients in Europe since the 1600s (Friedman et al., 2005;
Phillips, 1822). Ethnobotanical studies describe the use of the flowers for flavouring or for decoration of food
e.g. in salads in 1800-1900s Switzerland, Denmark and Estonia (Abbet et al., 2014; Brgndegaard, 1987;
Sdukand and Kalle, 2016). The flowers contain a large amount of fatty acids (36% of dry weight) with erucic
acid as the major component (34.5% of the fatty acids) (Radwan, 1976) corresponding to 12.4% of dry
weight. In addition, high levels of glucosinolates have been detected in the flowers, including glucotropaeolin

(4 mg/g wet weight) (Lykkesfeldt and Moller, 1993).

No data on toxic effects are available. Seventeen cases with children eating unspecified amounts of flowers,

leaves, or seeds showed no acute toxic effects (Frohne and Pfander, 1997).

No experimental data on the flowers are available. Extracts (aqueous and 70% ethanolic) of the leaves have
been tested for acute oral toxicity and failed to show toxic effects when administered to Wistar rats or mice
(strain not stated), orally by gavage at doses up to 5 g/kg bw (Gasparotto et al., 2009; Zanetti et al., 2003). A
28-day repeated dose toxicity study in rats showed no toxic effects (body weight gain, organ weight, clinical
parameters and histopathology) when an ethanolic (70%) extract of the leaves were administered orally by

gavage at doses of 75, 375 or 750 mg/kg bw/day (Gomes et al., 2012).

The potential reproductive toxicity of extracts of the leaves of T. majus was investigated by Lourenco and co-
workers (2012). A screening for oestrogenic and antiandrogenic effects in Wistar rats after administration

(orally by gavage) of an ethanolic (90%) leaf extract at the doses of 3, 30 or 300 mg/kg bw/day for 3 or 7
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days (for oestrogen/antioestrogen effects and antiandrogen effects, respectively) showed no effect, however
when pregnant Wistar rats in a subsequent study received the same dose regime elevated levels of
dehydroepiandrosterone were observed (at the doses of 30 or 300 mg/kg bw/day) in addition to elevated
levels of oestradiol at the highest dose level (300 mg/kg bw/day) and increased pre-implantation losses at all
dose levels (Lourenco et al., 2014). A more recent study (Lourenco et al., 2017) showed fetopathies when
Wistar rats received the same dose regime (3, 30 or 300 mg/kg bw/day) for 20 days, however, due to
methodical flaws (wrong use of statistical analysis, no histological staining to confirm apoptotic findings etc.)
the results have limited scientific value. The dose regime corresponds to 0.19, 1.9 and 19 g fresh leaves/kg

bw/day based on yield of 16%.

With an estimated TDI for erucic acid of 7 mg/kg bw/day based on myocardial lipidosis as the critical effect,
and a total mean intake of erucic acid from other food sources in Europe of 1 mg/kg bw/day (adult, 3.8 mg/kg
bw/day for the 95th-percentile) (EFSA, 2016b), intake of more than 39.5 g fresh flowers of T. majus will

exceed the TDI for erucic acid.

Glucotropaeolin is metabolized to benzyl isothiocyanate by plant endogenous enzymes. In the mentioned
toxicological studies of benzyl isothiocyanate (Adebiyi et al., 2004; Lewerenz et al., 1992) (see under garlic
mustard (Alliaria petiolata), the dose (200 mg/kg bw/day) which caused haematological and histopathological
changes (Lewerenz et al., 1992) corresponds to a dose of 50 g fresh flowers T. majus /kg bw/day. The doses
of benzyl isothiocyanate (12.5-50 mg /kg bw/day for 14 days) that induced low foetal and placental weights
(Adebiyi et al., 2004) correspond to 3.1, 6.3 and 12.5 g fresh flowers of T. majus/kg bw/day. These
calculations are based on 4 mg/g wet weight (Lykkesfeldt and Moller, 1993) and under the assumption that

all glucotropaeolin is converted to benzyl isothiocyanate. No TDI for glucotropaeolin is available.

In conclusion, since the flowers have not been thoroughly chemically studied it is not possible to evaluate
whether the ingestion of the flowers gives rise to similar intake of constituents as from eating the leaves.
Thus more studies are needed to establish whether the potential effect on reproduction reported for the

leaves also applies for the flowers.

Violaceae
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Heart's ease (Viola tricolor L.)

Flowers are used in Switzerland in salads (Abbet et al., 2014). The plant (herb and flower) is listed as a
traditional herbal medicine in Europe (EMA, 2010a). The aerial parts including flowers contain a high amount

of salicylic acid and derivatives including methyl salicylate (EMA, 2010b).

No data on toxic effects in humans and no experimental data are available after intake of V. tricolor,
however, in a case from Iran haemolytic anaemia in a 9-month old infant was reported following intake of an
extract from V. tricolor. The condition was due to the hereditary abnormality G6DP (glucose-6-phosphate-

dehydrogenase deficiency) (Behmanesh and Abdollahi, 2002).

Methyl salicylate is metabolized to salicylic acid (Davison et al., 1961). Subgroups of the population are
salicylic acid sensitive (e.g. 10-20% of asthmatic patients) (Malakar, 2017). JECFA (Joint FAO/WHO Expert
Committee on Food Additives) set an ADI for methyl salicylate at 0.5 mg/kg bw/day (JECFA, 2002) based on
a NOAEL from chronic toxicity studies in rats, dogs and rabbits (Webb and Hansen, 1963). Since data on the
content of methyl salicylate in the flowers are lacking, an estimation of the amount of fresh flower that can be

ingested before the ADI for methyl salicylate is exceeded cannot be performed.

BVL lists the plant as List B: ‘Substances that are only used in food and for which a dose restriction is

required due to certain constituents’ (BVL, 2014).

In conclusion, the flowers of V. tricolor contain high levels of methyl salicylic which may present a health

concern for subgroups of the population.
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4. Discussion

4.1. Ethnobotanical surveys and more recent use of flowers

The emerging trend of foraging wild plants is not only restricted to restaurants and local food producers in
the Nordic countries. Other top European restaurants include plants collected from the wild or ornamental
plants in their kitchen (Luczaj et al., 2012). In fact, the historical and cultural value of wild plant food species
in Southern Europe appears to be much more common compared to that of Central and Northern Europe,
both regarding the number of taxa used and the extent of historical use (Luczaj and Szymanski, 2007;

Svanberg, 2012; Svanberg and Agisson, 2012).

Ethnobotanical studies report that consumption of flowers was especially common among children and
shepherds as snacks but that people considered it more a children amusement than a feeding behaviour
(Menendez-Baceta et al., 2012 ; Pardo-de-Santayana et al., 2007), thus the data on the amount consumed
and the extent of use are sparse. The only reported use of e.g. yellow archangel (Lamium galeobdolon (L.)
L.) described was children sucking nectar from the flowers. In fact, in a botanical review of 97 wild edible
plants in Portugal, flowers from eight species were reported as traditionally used but only in preparation of

liqueur, herbal teas or sucking of flowers for nectar (Pardo-de-Santayana et al., 2007).

4.2. Toxicological studies

Only few papers have previously focused on the safety of newly introduced plant foods. Within the remit of
the Danish research project OPUS, the safety of four commonly found wild plant species used as leaf
vegetables was evaluated using a substantial equivalence approach comparing the levels of different
potential toxic constituents within the studied plants with the levels of the same constituents found in well-
known food plants. If the exposure levels of the different constituents, compared one by one, were equal or
lower than the levels found in commonly used food plants, the new plant was presumed to be safe (Mithril
and Dragsted, 2012). A prerequisite for using this approach is the existence of well-performed chemical
studies focusing on all potential harmful substances in the plants under study and that the isolated
substances are already found in commonly ingested food plants for comparison. This is not the case for
most of the flowers in our review where lack of, or inadequate phytochemical data of the flowers were

common findings. Since funding for chemical analysis are limited, they seem to be directed towards already
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used plant parts as shown for chives (Allium schoenoprasum) where data exist on the sulphurous
substances in the normally used leaves whereas they are non-existent for flowers, a plant part not commonly
eaten. Furthermore, focusing only on the identified constituents in a plant part may overlook toxic effects
caused by substances not yet identified in the plants or toxic effects not yet ascribed to a substance e.g., for
yarrow (Achillea millefolium) where testing of extracts of the flowers had an effect on testicular tissue in mice
and rats that cannot be ascribed to the content of thujone. Additionally, toxic effects caused by different
constituents in combination may be overlooked.

No well-conducted experimental toxicological studies with any of the flowers were identified. Sometimes
flower extracts were studied but data did not allow calculation of the corresponding dose of fresh or dried
flower e.g. for pot marigold (Calendula officinalis), where slight histological changes in the liver were

observed at the highest dose in one study.

4.3. Toxic amounts

Some of the reviewed flowers contained constituents e.g. HCN, erucic acid, coumarin or thujone for which
health based guidance values like TDI or ADI have been set by EFSA or JECFA. In some cases, it was
possible to make a rough estimate (e.g. assuming 100% absorption of the substance from the flower) of the
amount of plant material that may be eaten before a guidance value was exceeded. It was estimated that
intake of more than 39.5 g fresh flowers of garden nasturtium (Tropaeolum majus) will exceed the TDI for
erucic acid, that intake of more than 18 g yarrow (Achillea millefolium) flower will exceed the ADI for thujone
and that 7 g of woodruff (Galium odoratum) flower will exceed the TDI for coumarin (all for adults weighing
70 kg).

Most often these levels will not be exceeded by using the plant as edible decoration or ornamentation of
cakes or desserts. However, intake may be difficult to predict. Chefs and cook book writers have within the
last decade shown much innovation and creativity when introducing new recipes with wild or cultivated
plants. A Danish cookbook recently suggested use of flowers, leaves and immature seeds from garden
nasturtium (Tropaeolum majus) in salads or as fillings in an omelette (Noack, 2017).

Even though occasional use of e.g. flowers of woodruff (Galium odoratum) seemingly does not exceed the
TDI for coumarin, certain consumer groups (e.g. toddlers or heavy consumers of Chinese cinnamon

(Cinnamomum cassia (L.)J.Presl.)) are highly exposed to coumarin from other food sources. Similar
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considerations apply to compounds such as erucic acid or thujone, which are also present in different food
sources and thus a total exposure should be considered. In addition, subgroups of the population are
sensitive to e.g. salicylic acid (found in heart’s ease (Viola tricolor), coumarin (found in woodruff (Galium
odoratum) or sparteine (found in common broom (Cytisus scoparius) due to genetic disorders, immune
mechanisms, poor metabolism etc., and some of the compounds (e.g. tyramine, also found in common

broom), can interact with prescription medications.

A genotoxic constituent, the benzoxazinoid DIBOA, was found in the flowers from yellow archangel (Lamium
galeobdolon). Flowers from borage (Borago officinalis) and viper’s bugloss (Echium vulgare) belonging to the
family Boraginaceae contain genotoxic and carcinogenic 1,2-unsaturated pyrrolizidine alkaloids. However,
phytochemical data on flowers from borage are highly variable. Flowers from common bugloss (Anchusa
officinalis) belonging to the same family have not been analysed for content of 1,2-pyrrolizidine alkaloids but
these substances have been detected in other plant parts. Exposure to compounds that are both genotoxic
and carcinogenic are considered undesirable since there may be a risk associated with exposure even to low
amounts, especially if consumed on a regular basis. Therefore it had been advised by risk assessors to
reduce the exposure to such substances to a level that is as low as reasonably achievable (also known as
the ALARA principle) (EFSA, 2005). Lycopsamine, found in some parts of common bugloss (Anchusa
officinalis), is among the pyrrolizidine alkaloids EFSA recommends to screen for in food and food ingredients

(EFSA, 2017).

4.4. Novel food

The decision on whether e.g. a flower is considered a well-known food, and is therefore not novel according
to the novel food regulation, rely on documentation of a significant degree of consumption as food within
member states of EU before 1997. Safety is presumed if there has been a significant use before 1997 and
no safety concerns have been encountered. The same thoughts lay behind the possibility of easier access to
the European market for traditional foods from third countries with the novel food regulation that came into
force January 2018. Here a history of safe food use has to be documented by consumption in at least one
third country for at least 25 years as a part of the customary diet of a significant number of people (EU

regulation 2015/2283). A definition of ‘history of safe use’ based on an even longer exposure period is found
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in Knudsen et al. (2008). History of safe use for a food is here defined as ‘a term for the qualified
presumption of safety, where there is evidence for its safety from compositional data and from experience as
an ongoing part of the diet for a number of generations in a large, genetically diverse population. This
presumption is for a certain context of use (conditions of use, such as part of the plant used and required

processing) and allows for minor population predispositions such as intolerance and allergenicity’.

It is the business operators that submit information to the food authorities on the human consumption to a
significant degree of the food within the Union before 15 May 1997 eventually supported by other information
available in Member States. Where there is no information on human consumption before 15 May 1997 or
the information available is insufficient, a simple and transparent procedure, involving the Commission, the
Member States and food business operators, should be established for collecting such information (EU

regulation (EU) 2015/2283).

Looking into data provided by ethnobotanical surveys as done in this review may give useful information on
food use. Most of the reviewed flowers have, however, not been commonly used for food prior to 1997 in
Europe apart from borage (Borago officinalis) and garden nasturtium (Tropaeolum majus) (Pilegaard et al.,
2007). Our data are supported by a recent observation of the large parts of flowers (including also a few
cultivated ornamental species) used by ten top-chefs in Italy were not connected to the culinary folk

traditions and/or food ethnobotanical literature in this country (Luczaj, 2012).

These findings are in line with the very few or non-existent chemical data found for most of the flowers. It
seems that limited or no food use goes hand in hand with limited interest in studying the chemical profile of
the plant part. More chemical data existed for plants where the flowers had been used for other purposes
e.g. flavouring of liquor or had been used for herbal medicine. An eventual use in food supplements may
also have inspired for more chemical analysis but if a flower has only been used as an ingredient in food
supplements such a limited use cannot be considered ‘a significant degree of use as a food’ according to the
novel food regulation. The concept ‘history of safe use’ implies that the use have been recent so that
eventual adverse effects have been encountered and had also had a realistic chance of being described e.g.
in case reports in the scientific literature or as reported adverse effects to food authorities. For many of the

flowers used, only a very limited historical food use was found. A use of flowers of lady’s bedstraw (Galium
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verum) to coagulate milk in cheese manufacture in Denmark in the 1600-1700s may hardly be considered a
history of safe food use or a significant food use before May 1997. However, it is up to the risk managers
(national food authorities or EU Commission) to decide whether a use as food is significant enough to not

being novel.

The only reviewed plant species that was found in the Novel Food Catalogue was yarrow (Achillea
millefolium), which was considered novel for use as food. Some of the reviewed plants had previously been
assessed and listed by the BVL regarding their use in food or food ingredients. The created list was
designed to serve as a reference guide for authorities and food distributors. BLV has classified common
broom (Cytisus scoparius) as ‘not recommended for use in foods due to known risks’ while borage (Borago
officinalis), white dead nettle (Lamium album), woodruff (Galium odoratum) and heart's ease (Viola tricolor)
were listed as ‘substances only used in food and for which a dose restriction is required due to certain

constituents’.

4.5. Misidentifications

A risk of mistaking the identity of picked flowers was identified for various plants within the family Apiaceae
like wild carrot (Daucus carota) and cicely (Myrrhis odorata). Provided that people foraging wild plants either
have botanical knowledge or carefully consult floras normally showing pictures of blooming plants, the risk of
collecting the wrong plant is most likely smaller when picking flowers compared to e.g. collecting young

leaves in spring where only few plant parts are visible for identification.

4.7. Concluding remarks

In conclusion, very little information on the safety of flowers from the campaign by the Danish Veterinary and
Food Administration was available. We found, that of the 23 flowers reviewed, nine contained compounds
with toxic or potentially toxic effect if eaten (Achillea millefolium, Borago officinalis, Echium vulgare, Cytisus
scoparius, Lamium galeobdolon, Syringa vulgaris, Galium odoratum, Tropaeolum majus, Viola tricolor); two
(Achillea millefolium) and (Calendula officinalis) contained unidentified toxic compound(s), and four (Anchusa
officinalis, Alliaria petiolata, Lamium album, Lathyrus japonicus) were flowers from plants with potentially
toxic compounds present in other plant parts or related species. Further, the food use of many of the flowers

may be considered novel due to limited historical data on food use from ethnobotanical surveys. The
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inspections by the DVFA were conducted from May to October 2016 and thus seasonality could be an
influencing factor. In addition, although the inspections were conducted nationwide, only 150 restaurants and

local producers were visited and thus our findings may not be the full picture.

This review has revealed a strong need for better information on novel food status and safety of flowers
picked from the wild or plants previously mainly cultivated e.g. for ornamental use, so that food producers,
chefs and writers of cookbooks not only focus on taste, food texture, and beauty but also have a stronger

attention on whether the flowers are safe to eat.
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Highlights

* Review of wild flowers used at restaurants shows a striking lack of safety data.

* 13 plants contained potential toxic compounds in the flowers or other plant parts.

* Limited historical data on food use from ethnobotanical surveys.



