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Abstract: This perspective study addresses the main causes of adverse reactions to foods in 

humans, by taking into account the main allergic reactions that may occur as a result of food 

ingestion, as well the main allergens present in food and how their allergenicity change as a result 

of food preparation. In addition, European legislation on food labeling and novel foods was taken 

into account. The case study of this perspective is on the potential allergenicity of edible flowers as 

well as evidence of phytochemistry and toxic compounds and the risk associated with their 

ingestion. Regarding edible flowers, a key issue to address is if they are safe to consume or not. In 

the framework of the project “Innovative activities for the development of the cross-border supply 

chain of the edible flower” (ANTEA), we considered 62 different species and varieties of edible 

flowers. The results obtained by consulting two databases on allergens, COMPRISE and Allergen 

Nomenclature, marked two alerts for two species of edible flowers selected in the project. 

Moreover, based on edible flower consumption, about ten grams per serving, and on their protein 

content, we can also state that the risk of allergic reactions due to edible flower ingestion is very 

low. 

Keywords: food allergy; allergens; allergic symptoms and syndromes; cross-contamination; 

cross-reactivity; safety; edible flowers; ANTEA project 

 

1. Food Allergies 

Adverse reactions in humans due to food ingestion can produce different and sometimes even 

very serious clinical conditions. Body reaction to food intake may produce toxic effects, and have an 

impact on sensitive individuals. On the other hand, body reactions to food depend mostly on the 

susceptibility of each individual to a particular food, while the same foods are innocuous to a 

non-sensitive individual. This particular reaction to food is referred to as an allergy and is sustained 

by an immunological mechanism. The allergic reactions are quite often due to immunoglobulin E 

(IgE). If no immunological mechanism is involved in the adverse reaction, the reaction is defined as 

an intolerance. According to the mechanism involved, Figure 1 reports a scheme on adverse 

reactions. 



Sustainability 2020, 12, 8709 2 of 24 

 

Figure 1. Overall Scheme of Possible Adverse Reactions to Foods. 

As shown in Figure 1, adverse reactions to foods can be grouped into two main categories: the 

ones which can occur in all individuals who consume the food (food intolerances) and those that 

occur only in those individuals who are defined as sensitive. Reactions that do not involve the 

immune system are due to foods that may contain toxins, pharmacologically active compounds, or 

those affected by microbiological contamination. Therefore, food intolerance can refer to (i) an 

adverse physiologic response to intrinsic food properties (i.e., pharmacologic active substances 

and/or toxic contaminants) or (ii) the host characteristics (i.e., metabolic disorders), often not 

reproducible, that are often in a major part of cases dose dependent [1]. 

These reactions can be developed by all individuals if the intake of the contaminant is in an 

amount capable to trigger the unwanted effect in the body. Some of these food intolerance reactions 

can mimic the effects of an allergic reaction. For example, scombroid syndrome is a pseudo-allergic 

poisoning caused by the consumption of inadequately preserved fish. It is among the most common 

types of fish poisoning in the world, since this species of fish is consumed in large quantities. Such a 

reaction affects any individual who eats an amount of the fish capable to stimulate an allergic-like 

reaction, but it is not linked to any real allergic mechanisms. 

Therefore, the term food hypersensitivity is used preferentially when referring to food 

intolerance with the aim to define any abnormal, reproducible, non-psychologically mediated 

reaction to food consumption. 

Sometimes the mechanism of food intolerance is known (e.g., involves an enzyme deficiency or 

the presence of substances with pharmacological effect) but, in a major part of cases, the mechanism 

of the hypersensitivity is unknown. 

On the other hand, the food allergy [2–4] is referred to as an abnormal immunologic response to 

a food occurring in a susceptible individual and can be classified as IgE mediated (when the immune 

system is responsible for the food allergy), cell mediated (when the interactions between cells and 

chemical mediators are responsible for the food allergy) , and mixed IgE–cell mediated when both 

IgE and immune cells are involved in the allergy mechanism (see Figure 1). 

The allergic reactions are reproducible, and they are often not dose dependent. The most 

common food allergies have been observed for foodstuffs like eggs, milk, peanuts, wheat, soy, tree 

nuts, fish, and shellfish (all included in the allergenic foods category). 

Another mechanism can take place later in life in patients suffering from respiratory allergies to 

pollen who represent another large class of sensitive individuals with a food allergy to vegetables 

and fruits. This allergic reaction called oral allergic syndrome (OAS) occurs in the oral mucosa. 
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Those individuals who are allergic to pollen sometimes have to be also careful of what they eat. 

A simple apple, a peach, or an inviting strawberry can be dangerous for those who are allergic to 

birch, just as tomatoes, potatoes, and citrus fruits can irritate the lips and palate of those who are 

allergic to gramineous plants. These are the so-called cross-allergies, a disorder caused by a 

cross-reaction between pollens from some families, and different kinds of foods. 

This phenomenon occurs because many foods contain protein molecules structurally similar to 

the ones which can be found in pollen. These molecules are recognized by the immune system, this 

way triggering the cross-food reaction onset. In these cases, those individuals who are allergic to 

pollen produce IgE immunoglobulins to specific food proteins that have a molecular structure 

highly homologous to that of respiratory allergens (cross-reaction): the first step is the sensitization 

to pollen and then the sensitization to the cross-reactive food allergen. The prevalence of OAS ranges 

from 6% to 47% and occurs in 47% to 70% of patients suffering from pollen allergy, in relation to the 

type of pollen to which the individual is exposed [5]. 

Nonetheless, it is important to emphasize that not all people allergic to pollen necessarily have a 

cross-allergy to food, and also that not all the foods reported in Table 1 can give allergies to a single 

person. For these reasons, it is important that only a specialist is in charge to indicate for each patient 

whether to follow a specific diet and which diet to follow in order to limit the risk of nutritional 

imbalances. The perceptions of adverse reactions to food by the population are common. Many 

studies have shown that although about 20%–30% of people believed that their allergic reaction 

symptoms were food consumption related, after double-blind placebo-controlled food challenges, 

only the 2%–3% of the subjects showed a positive adverse reaction to food. The prevalence of food 

allergy in the general population has been estimated between 2%–4%. In children, the prevalence is 

around 6%–8%, and the allergy to eggs and cow’s milk are the most important forms, while in adults 

the higher prevalence of food allergies is shown towards shellfish and peanuts. This difference in 

sensitization to food proteins among adults and infants can be attributed to incomplete 

development, for the latter, of the gastrointestinal immune system which is still immature and the 

intestinal physiology is not complete (for example, in terms of permeability) and sensitization of IgE 

to food proteins may occur. Individuals usually normally develop a tolerance to ingested food 

proteins, which are harmless at an early age, and the prevalence of food allergies slightly decreases 

with age [6]. 

1.1. Mechanisms of Food Allergy 

Food allergy is an immunological reaction versus a food antigen that occurs soon after eating 

food. As reported in Figure 1, the mechanisms involved in a food allergy can be IgE mediated, 

non-IgE mediated, or mixed (IgE and non-IgE mediated). 

Almost all food allergies concern the production of immunoglobulin E (IgE) and the 

development of interactions between different typologies of cells and chemical mediators. 

Immediate symptoms are produced by this type of reaction (Type I reaction), and among all 

symptoms, anaphylaxis is the most severe form [7–10]. 

Generally, allergic reactions are mainly caused by a few foods (eggs, milk, tree nuts, peanuts, 

fish, shellfish, wheat, and soy) that have common characteristics: they are glycoproteins, soluble in 

water and stable to heat, acids, and digestive enzymes, with a molecular weight between 10 and 70 

kD. Another recognized mechanism in food allergies is an allergy that is not mediated by IgE (Type 

IV reaction), which develops after some hours or days after exposure (the so-called delayed 

cell-mediated allergy) [11]. They are less characterized than the IgE mediated but are typically due to 

chronic inflammation. In this case, the key mechanisms are the interactions between cells and 

chemical mediators, in place of immunoglobulines. Type IV reactions can likely occur in response to 

the ingestion of several foods and can lead to symptoms in different parts of the body such as the 

skin, intestine, and other organs. 

Regarding the immediate IgE-mediated reactions, the antibodies are proteins produced by the 

B lymphocytes in response to the presence of body-foreign proteins [12]. The biological abilities of 

antibodies are to counteract infection with bacteria, protozoa, and viruses. The body maintains the 
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function to produce immunoglobulines against an individual allergen along with time and 

sometimes for life. The allergy response degree can be different in relation to the specific antigen and 

taking into account the levels of exposure. 

Many substances that may be ingested, inhaled, or come into contact with the body (i.e., 

pollens, house-dust mites, molds, and foods) can contain potential allergens. This can give rise to the 

unwanted or excessive formation of antibodies in individuals that are susceptible. The five classes of 

immunoglobulin are IgA, IgD, IgE, IgG, and IgM. 

The IgE produced after exposure to an allergen acts as a bridge among the antigen and surface 

of immune cells such as mast cells and, thus, the mast cells become sensitized to the specific allergen. 

If the sensitized mast cells are re-exposed to the same antigen (or could be enough to the same 

epitope in a different antigen), an IgE-mediated allergic response occurs [10,13,14] and several 

chemical mediators (i.e., histamine) are released; in the chain reaction, other pro-inflammatory 

substances, i.e., leukotrienes and prostaglandins, can be released; this can lead to an immediate 

inflammatory response, which results in local swelling, itching, redness, and heat. 

In the immediate response, mediators are released by mast cells and T lymphocytes, and more 

IgEs are produced by B lymphocytes [15]. The inflammatory response is intensified by a range of 

chemicals (e.g., toxic proteins) released by eosinophils activated by mediators from T lymphocytes. 

Mast cells and basophils are triggered after encountering the food allergen, producing local and 

a widespread reaction. In the case of the non-allergenic process, foods containing substances that can 

trigger mast cells to release histamine and other mediators (pineapple, strawberries, egg white, 

and/or other foods or food additives) could also give rise to the same results of an activated mast 

cell, thus, mimicking an IgE-mediated allergic reaction. 

1.2. Sensitization and Cross-Reactivity 

Even if many potentially allergenic substances can be present in food, allergy due to inhaled 

substances seems to be more common than food allergy because the intestine gives a series of 

defensive barriers, thus, avoiding contact among food allergens and mast cells in the gut wall [16]. 

The response provoked by the first exposure to an antigen, throughout the gut or in another 

location, can give rise to one of the following conditions: 

• the individual becomes “tolerant” to the allergen, and subsequent exposures will not result in 

the production of antibodies; 

• the individual becomes “sensitized” to the allergen, and subsequent exposure develops an 

IgE-mediated response with unwanted symptoms; or 

• the individual develops an immune response, involving the production of other types of 

immunoglobulins (i.e., IgG) that may reappear on consequent exposure, but that does not 

necessarily give symptoms. 

The amount of allergen required for the sensitization is not completely known, and it is difficult 

to assess a relationship between dose and allergenic effect. 

The match of IgE to its antigen is specific: it does not match the entire antigen molecule but only 

the epitope. Other antigens with a very similar epitope could react with the same IgE, giving rise to a 

cross-reactivity (also known as cross-allergenicity) reaction; these reactions occur when an 

individual is exposed to a second antigen after sensitization to a first [17]. 

Co-sensitization indicates an individual sensitization to more than one allergen source that is 

not due to cross-reactivity, as it is not mediated by shared epitope-specific antibodies [18,19]. 

Florin-Dan Popescu [20] well summarized important allergen component families such as serum 

albumins, lipid transfer proteins, and tropomyosins, which are involved in cross-reactivity between 

aeroallergens and food allergens [18,20–23]. 

An example of cross-reactivity is given by the fact that the sensitization to birch pollen can lead 

to oral allergy to various fruits. Other examples of cross-reactivity are reported in reference [24]. In 

Table 1, the main cross-reactors are indicated. 
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Table 1. The Main Cross-Reactors Based on Reference [24]. 

Environmental 

Allergen 
Fruits Vegetables Nuts Spices 

Legumes and 

Other Foods 

Tree pollen 

Apple, apricot, 

cherry, kiwi, 

nectarine, peach, 

plum, prune, 

strawberry, lychee, 

jackfruit, Sharon 

fruit, tomato 

Carrot, 

celeriac, celery, 

green pepper, 

potato, parsnip 

Walnut, 

almond, 

hazelnut 

Basil, caraway, 

anise, dill, thyme, 

pepper, tarragon, 

paprika, fennel, 

marjoram, oregano, 

parsley, cumin, 

coriander, chicory 

Bean, pea, 

soybean, 

peanut, lentil, 

sunflower 

seed 

Grass and grain 

pollen 

Kiwi, orange 

tomato, melon, 

watermelon, date 

Potato   

Peas, peanut, 

sunflower 

seed, flour, 

bran, legume 

Mugwort 

pollen 

Mango, grapes, 

pineapple, avocado, 

banana, tomato, 

lychee, peach, 

watermelon, melon, 

apple, orange 

Celeriac, 

parsnip, carrot, 

celery, onion, 

green pepper, 

potato 

Chestnut 

Basil, caraway, 

anise, dill, thyme, 

pepper, tarragon, 

paprika, fennel, 

marjoram, oregano, 

parsley, mustard, 

coriander 

Sunflower 

seed, 

chamomile 

Ragweed 
Melon, banana, 

watermelon 

Zucchini, 

cucumber 
   

1.3. Adverse Reactions to Foods: Symptoms and Syndromes 

An allergic reaction to a single food is simply detected, but the diagnosis of adverse reactions to 

foods is difficult because other foods can be involved, giving time-delayed adverse reactions and 

side effects. An individual food can cause different symptoms in different people, or even in the 

same person at different doses or at different times; the mechanisms involved in these reactions can 

also vary, as well. Indeed, diagnosis of acute allergic reactions can be evaluated relatively simply by 

the dietary history of an individual because they usually take place within minutes after the 

ingestion of the food. 

True food allergy often may give rise to a huge spectrum of symptoms, influencing many parts 

of the body as reported in Table 2. 

Table 2. Possible Symptoms Due to Food Allergy Based on References [25,26]. 

Symptoms Which May Result from Food Allergy 
IgE Mediated 

(Immediate Reaction) 

Non-IgE Mediated 

(Delayed Reaction) 

Systemic   

Anaphylaxis    

Gastrointestinal   

Swelling and itching of lips and mouth    

Nausea    

Vomiting     

Diarrhea     

Crampy pain     

Respiratory   

Rhinitis    

Asthma    

Swelling of larynx    

Cough    

Chest tightness    

Bronchospasm    

Skin   

Pruritus     
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Urticaria    

Erythema     

Eczema     

Conjunctivitis    

Cardiovascular   

Presyncope/syncope    

Hypotension    

Tachycardia    

2. Food Allergens 

2.1. Classification of Food Allergens 

Chemical structures (sequence and three-dimensional feature) of proteins play a key role in 

their allergenic capacity; in fact, food allergens appear to be limited to only a few protein families. 

Hoffmann-Sommergruber and Mills [27] reviewed the protein families on the basis of their 

structural characteristics and their potential allergenicity within the EuroPrevall project [27]. 

The main proteins involved have specific biological activities (i.e., hydrolysis of 

polysaccharides and proteins, binding of lipids and ions, storage and transport, and cytoskeleton 

organization) [28]. In Figure 2, the main protein families with allergenic activity and food sources are 

shown. 

 

Figure 2. A Shot of the Main Food Allergen Protein Families’ Distribution [27–31]. 

It is noteworthy that, although the common structural characteristics of proteins and biological 

functions have been provisionally due to their immunogenicity, the prediction of the allergenicity of 

a protein cannot be based only on these two parameters [32]. As reported by Dall’Antonia et al. [33], 

promising tools have been studied on the prediction of structure protein. 

Concerning the threshold levels of allergen [34], the sensitivity to single food allergens is 

different among people, and maybe also for the same person at different times; due to this 

variability, the lowest dose of a food allergen that can stimulate an adverse reaction is difficult to 

predict. For instance, Blom et al. [35] reported the threshold dose for five main allergenic foods in 

children; the results of reference [35] showed that the protein dose at which 5% of the allergic 
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population is likely to respond with objective reactions was 1.1 mg for cow’s milk, 0.29 mg for 

hazelnut, 1.5 mg for hen’s egg, 1.6 mg for peanut, and 7.4 mg for cashew nut. The same authors also 

remarked how threshold distribution curves allow the comparison of various allergenic foods and to 

inform on precautionary labeling. 

Nowadays, across Europe, fourteen groups of foods are identified as the most common 

ingredients or processing aids leading to food allergies and intolerances [36] (see paragraph 4). 

2.2. Database of Allergens 

The database Allergen Nomenclature at website reference [37] includes approved and officially 

recognized allergens. The systematic allergen nomenclature is required by many peer-reviewed 

scientific journals. 

Another example is the COMprehensive Protein Allergen REsource (COMPARE) database [38] 

that is based on an exhaustive listing of peer-reviewed and clinically relevant protein allergens with 

citation support and species identification. In the database are the descriptions of the allergens and 

the amino acid sequences. 

Other examples are also described in the work of Tong et al. [39], and further in that of Radauer 

et al. [40] that gives a picture of main allergen databases and their applications. For instance, 

Allergome [41] is a comprehensive collection of data on compounds that cause IgE-mediated 

diseases selected from web-based resources and international scientific journals. AllergenOnline [42] 

gives access to a peer-reviewed allergen list and sequence searchable database that can allow for the 

identification of proteins potentially related to allergenic cross-reactivity. 

The Structural Database of Allergenic Proteins (SDAP) [43] represents a tool for investigating 

the cross-reactivity between known allergens, in examining the FAO/WHO allergenicity guidelines 

for new proteins, and for predicting the IgE-binding potential of genetically modified food proteins. 

The SDAP browser allows one to retrieve information related to an allergen from the most common 

protein sequence and structure databasesin order to identify the sequence and structural neighbors 

of an allergen, and also the presence of an epitope. 

The Immune Epitope Database (IEDB) [44] represents a useful tool for the prediction and 

analysis of epitopes; it can be considered a catalogue of experimental data on antibody and T cell 

epitopes. 

3. Food Processing and Allergenicity 

The stability of allergens is defined as the capacity to maintain their configuration after thermal, 

chemical, or enzymatic (proteases) processing [32,45]. The recent work of Perkar et al. [46] highlights 

the peculiar characteristics and molecular patterns that contribute to the stability of protein 

structures and consequently to allergenicity. In the evaluation of the allergenic potential of food 

proteins, the encountered gastrointestinal conditions, such as food matrix, enzyme levels, pH, and 

the immune status of the individual, should be considered. 

3.1. Influence of Processing on Food Allergenicity 

As widely reported in the literature, bioactive compounds content can be significantly 

influenced by cooking and food processing [47,48]. Foods and food ingredients are subject to 

different treatments (i.e., cooking) and technological processes (extrusion, boiling, stewing) in order 

to improve their palatability and favor digestion, as well as to inactivate pathogenic microorganisms 

and/or eliminate toxins. Food can be processed at home, in restaurants, and by the food industry. 

The processing produces physical and chemical changes that lead to alterations of different 

components, including protein and, if any, its allergenicity. Particularly the epitope present in the 

food matrix could be destroyed by food processing or new epitopes could be formed [49]. 

Food-processing techniques can influence the structure and chemical properties of proteins and 

indeed may alter the allergenic properties of food proteins. Main modifications strictly linked to 

allergenic potential are protein unfolding and aggregation, glycation and glycosylation, proteolysis, 
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and the formation of products of the Maillard reaction [50]. The nature of the protein, the process 

conditions, and the composition of the food matrix are the main influencing factors. Particularly, the 

types and conditions of the process affect the chemical structure of proteins [51]. Lepski and 

Brockmeyer [52] well discussed the influence of processing on food allergen structure and 

consequently on their allergenicity, with particular emphasis on partial loss of conformation, 

chemical modification, and the impact of novel processing techniques. A systematic investigation 

data marked how the literature is scarce on the influence of food processing on allergenicity [53]. 

Verhoeckx et al. [54], by reviewing the influence of food processing (i.e., heating) on the 

allergenic potential of the common food allergens (hen’s eggs, cow’s milk, tree nuts, peanuts, soy, 

mustard, wheat), concluded that processing does not completely inactivate the allergenic activities. 

Although heating could cause changes in single proteins, they may lead into an increase (i.e., from 

Maillard reaction products) or a decrease (i.e., in extensively heated egg white) of allergic sensitivity. 

In particular, the authors reported how only microbial fermentation and enzymatic or acid 

hydrolysis could reduce allergenic integrity and consequently allergenicity to the point that 

symptoms will not be exhibited; other methods could be promising but to date, more extensive 

studies and data availability are needed [54]. Vanga et al. [55] well described and discussed the 

impacts of conventional and innovative food processing methodologies on the activity of food 

allergens. It is worth mentioning the recent work of Cabanillas and Novak [56], which gives an 

updated view, taking into account several variables, of the influence of processing techniques on the 

allergenicity of different foods. 

Processing methods can have a different impact on certain foods with respect to other foods: 

food processing could decrease, not change, or even increase the allergenic activity [57]. Several 

authors highlight how it is difficult to predict the multiplicity of allergenic foods/ingredients related 

to the multiplicity of the allergenic structures in a whole food and that the same treatment could 

differently influence different proteins. Moreover, it has been also been remarked upon how 

integrated and robust methods to assess the risk of food allergenicity should be developed 

[54,58–61]. 

Several authors have shown how some fruits induce more frequent allergic reactions when 

consumed with peel [62–64]. Concerning the fruit allergy, it is worth mentioning the critical review 

of Wang et al. [65] on the influence of pre-harvest and post-harvest conditions on the fruit 

allergenicity: the environmental and cultivation conditions (nitrogen, water shortage, climate 

factors, etc.) [66] as well as the variety [67], harvesting maturity [68], and storage [69] can affect the 

allergenicity potential. 

Regarding the thermal processing, one of the main interactions between proteins and sugars 

that occur in food during heat processing is the Maillard reaction (MR). Teodorowicz et al. [70] and 

Gupta et al. [71] discussed the pros and cons of the Maillard reaction in food allergies. Toda et al. [72] 

well discussed how products of Maillard reactions can affect allergic diseases from the effects on the 

digestibility of proteins to influence on the immunogenicity of proteins. 

Gupta et al. [71] discussed the pros and cons of the Maillard reaction in food allergies; 

particularly, the authors summarized both the studies reporting the impact of the Maillard reaction 

of enhancing allergenicity in food allergens, i.e., eggs [73], peanut [74], potato [75], and codfish [76], 

as well as studies reporting the impact of the Maillard reaction with decreased allergenicity in food 

allergens, i.e., eggs [77,78], peanuts [79], and hazelnut [80]. 

The work of Verma et al. [81] well described how thermal processing can influence legume 

allergens and explored the different approaches to reduce or eliminate allergenicity of leguminous 

food using various thermal processing (i.e., autoclaving, blanching, microwave heating, 

pasteurization, steaming, or canning) of legumes. These last may reduce, eliminate, or enhance the 

allergenic potential of a respective legume, but in most of the cases, minimization of allergenic 

potential was reported. For instance, different studies reported how boiling has little effect on 

legumes’ allergenicity [82–84]; allergic reactions were even reported after the inhalation of boiling 

vapors in sensitized patients [85]. 
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Cabanillas et al. [58] showed how thermal processing influences the allergenic potential and the 

IgE cross-reactivity of legumes (particularly soybean and peanuts) with particular regard to boiling, 

roasting, and frying. Concerning the effect of processing technologies on the allergenic properties of 

egg proteins, some studies showed that the reduction of the allergenicity is related to the protein 

conformational changes [86]. 

Various non-thermal processing technologies (e.g., irradiation, ultrasound, pulsed electric field, 

cold plasma, and high-pressure treatments) can influence the protein structure, and consequently 

their solubility and their functional properties [87]. 

For instance, Huang et al. [88] has reviewed the potential utility of high-pressure processing in 

reducing food allergenicity. The recent work of Yang et al. [89] showed how solid-state fermentation 

with microorganisms reduces the allergenicity of soybean meal through degradation of the main 

allergens. 

4. Labeling and Novel Foods: European Regulations 

4.1. Labeling 

Among the European Directives, the only legal acts that refer to food allergens are the Labelling 

Directive (Directive 2000/13 / EC) [90] and its subsequent amendments. Following the Labelling 

Directive, the EU requires manufacturers to include the ingredients present on all prepackaged food 

products in order to be sold with very few exceptions. Several amendments have been tabled and 

accepted to modify this directive. The two most important amendments are as follows. 

(1) Directive 2003/89/EC [36] (and further amendments) introduced Annex IIIa, which is the list of 

fourteen allergenic foods that, if present in a product, must always be shown on the package 

label, as follows: 

Cereals containing gluten (i.e., wheat, rye, barley, oats, spelt, kamut, or their hybridized 

strains) and products thereof 

Crustaceans and products thereof 

Eggs and products thereof 

Fish and products thereof 

Peanuts and products thereof 

Soybeans and products thereof 

Milk and products thereof (including lactose) 

Nuts i.e., almonds, hazelnuts, walnuts, cashews, pecan nuts, Brazil nuts, pistachio nuts, 

macadamia nuts, and Queensland nuts, and products thereof 

Celery and products thereof 

Mustard and products thereof 

Sesame seeds and products thereof 

Sulfur dioxide and sulfites at concentrations of more than 10 mg/kg or 10 mg/liter expressed as 

SO2. 

Lupin and products thereof 

Mollusks and products thereof 

(2) Directive 2007/68/EC [91] is the most recent amendment of Annex IIIa. It contains the list of 

allergens that must be labeled and the products deriving from these allergens for which it is not 

necessary to add the allergen on the label. 
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The web site of the European Food Safety Authority (EFSA) offers guidance on the labeling of 

food allergens for Europe. When allergens are deliberately added to a food as ingredients, 

Regulation (EU) no. 1169/2011 [92] requires the indication of allergens on both prepacked and 

non-prepacked foods. The quantity of allergens that are intentionally added to a food is not subject 

to any threshold with the sole exception of sulfites and sulfur dioxide. The presence of traces of an 

allergen used as an ingredient in a food product must be reported on the label 

(https://ec.europa.eu/food/sites/food/files/safety/docs/codex_ccfl_cl-2018-24_ann-02.pdf). The 

labeling workflow is simplified in Figure 3. 

 

Figure 3. Description of labeling workflow. 

As shown in Figure 3, allergens could enter in the food production chain accidentally through, 

for example, the use of common processing equipment or too close production lines. The Codex 

recommendations or the EU Labelling Directive do not cover this cross-contact. Some European 

countries, i.e., the UK and Italy, have created national guidelines to aid the food industry in how to 

manage and label allergens including cross-contact allergens (Figure 3). 

4.2. Novel Food Regulation 

As indicated by EU regulations, novel food is a term which defines and can be used for all the 

food which were not consumed by humans as part of the diet before 15 May 1997 [93] (Regulation 

EC No. 258/97 of the European Parliament and of the Council of 27 January 1997 concerning novel 

foods and novel food ingredients, Official Journal of the European Comm. L43, 40, 1997. ISSN 

0378-6978). 

The following must be considered novel food: (i) newly developed foodstuff; (ii) innovative 

food; (iii) food produced applying new processes or new technologies; (iv) food currently or 

historically consumed outside the European Union. There are many examples regarding the novel 

food concept, e.g., new vitamin K sources (menaquinone) or extracts from existing food (Antarctic 

krill oil rich in phospholipids  from Euphausia superba);third countries’ crops such as noni fruit juice 

and chia seeds; food produced applying new processes or new technologies like UV-treated food 

(bread, milk, mushrooms, and yeast). 

Is the finished product manufactered
from raw materials that contain
allergen listed in the annex II?

n
o

Declare the presence of 
allergen on the label!

Is the finished product
manufactured on a product line 
that comes in direct contact with 
allergens (cross-contamination)? 

yes

no
No allergens are present

in the final product

y
e
s

If the probability of cross-contamination 
is significant (the allergen is present at 
detectable level) the substance must be 
indicated after the ingredients with the 
term "contains"

yes

If the probability of cross-contamination is not 
significant (the allergen is present at non-
detectable level) , the substance could 
voluntarily be indicated on the label with the 
words "may contain traces of ...."
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The main issues to be considered on novel food are safety for consumers, proper labeling, and 

not replacing a normally used food or, if this is the case, not altering the nutritional value of the 

replaced food. For these reasons, novel foods require a pre-market authorization and must follow 

the current regulation valid since 1 January 2018—Regulation (EU) 2015/2283 [94] on novel foods, 

replacing Regulation (EC) No 258/97 and Regulation (EC) No 1852/2001 which were in force until 31 

December 2017 (https://ec.europa.eu/food/safety/novel_food/legislation_en). 

This new regulation expands categories of novel foods, and defines the various situations of 

foods originating from plants, animals, microorganisms, cell cultures, minerals, etc., specific 

categories of foods (insects, vitamins, minerals, food supplements, etc.), foods resulting from 

production processes and practices, and state of the art technologies (e.g. intentionally modified or 

new molecular structure, nanomaterials), which were not produced or used before 1997 and thus 

may be considered to be as novel foods. Under the new Regulation, all authorisations (new and old) 

are generic as opposed to the applicant-specific, restricted novel food authorisations under the old 

Novel Food regime.  

This means that as long as the authorized conditions of use, labeling requirements, and 

specifications are respected, an authorized novel food can be placed on the European Union market 

by any food business operator. 

A list containing all authorized novel foods has been set up 

(https://ec.europa.eu/food/safety/novel_food/authorisations/union-list-novel-foods_en) [95]. 

Future authorized novel foods will be included in the Union list with Commission 

Implementing Regulations, by means of simplified procedures controlled by the European 

Commission. Safety issues will be addressed by the EFSA (European Food Safety Authority), which 

will follow efficiency and transparency criteria, and will shorten the overall time on approvals by 

setting up deadlines for safety evaluation and authorization procedures. A new aspect is also the 

possibility to fast evaluate the safe use of traditional food from third countries, and to provide 

simplified guidelines to evaluate foods new to the European countries. Therefore, the traditional 

food will be released on the European Union market provided that no safety-related objections are 

raised by the EFSA or the European countries. An applicant can obtain a 5 year-limited 

authorization for placing a novel food on the European market by providing proprietary and 

scientific safety evidence. To easily assess whether an authorization is required under the Novel 

Food Regulation, a non-exhaustive catalogue of novel foods has been developed 

(https://ec.europa.eu/food/safety/novel_food/catalogue/search/public/index.cfm) [96]. 

5. Focus on the Edible Flowers 

5.1. Edible Flowers: A Source of Bioactive Compounds 

Cunningham in reference [97] well represented a picture of main topics regarding edible 

flowers which are nowadays becoming the latest food fashion, challenging this niche market. Many 

ornamental flowers and wildflowers can be employed to garnish dishes and as ingredients in 

recipes. 

Edible flowers are harmless and non-toxic flowers that contain healthy compounds useful in 

the human diet; producers and merchants of edible flowers are actually increasing. The culinary use 

of flowers as ingredients in food preparations, on the other hand, is historically documented, and it 

is treated differently according to cultural environments [98–100]. 

Flowers were chosen for culinary preparations in Greece, Egypt, and in Roman times; the first 

records on the use of flowers date back to 140 BC [101]. Native flower species are used worldwide in 

food preparations, and are safely eaten, or used for garnishing dishes and drinks. 

People looking for food innovative propositions, cooking or garnishing dishes with flowers, is 

gaining increasing interest. In this order, new knowledge about the presence of bioactive 

compounds and the nutritional value of edible flowers is needed. [102]. Recently, Fernandes et al. 

[103] gave a picture of the edible flower market. This aspect triggers also the need for more in-depth 

assessment of legislation and safety regulation to better assess the future trends of edible flowers. 
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Rop et al. [104], by studying the nutritional composition of 12 species of edible flowers, reported 

higher mineral content in chrysanthemums, dianthus flowers, and violas. The most abundant 

element was potassium. Among the ingredients of traditional Japanese cuisine, there are also 

flowers; therefore, Chemson et al. [105] studied compounds with nutritional and nutraceutical 

character in thirteen edible flowers. 

As reported for vegetables and fruits, the colors of flowers suggest the presence of 

phytochemicals [106–110]. A recent work by Pires et al. [111] presents the phenolic profile of several 

samples of Calendula officinalis, Centaurea cyanus, dahlia mignon, and various rose species (Rosa 

damascena ‘Alexandria’ and Rosa gallica ‘Francesa’ draft in Rosa canina), and revealed their biological 

potential. Another current example was given by Nowicka and Wojdyło [112] that reported the 

beneficial anti-hyperglycemic and anticholinergic capacities deriving from the presence of natural 

antioxidant compounds in tissues of edible flowers such as hawthorn, primrose, and linden blossom. 

Various processing and conservation technologies have been tested to extend the shelf lives of 

edible flowers and, thus, ensure their commercialization; in this regard, Zhao et al. [113] 

summarized the innovative and emerging technologies (i.e., high hydrostatic pressure, modified 

atmosphere packaging, microwave drying, irradiation, freeze drying, and hybrid drying) to 

preserve the flowers in excellent condition, as well as different extraction techniques to obtain and 

microencapsulate the phytochemicals. 

The US Department of Agriculture Nutrient Database reported the nutrient composition of 

certain edible flowers, such as broccoli, various types of courgette blossoms, hibiscus flowers, and 

white-flowered calabash, and some derivatives such as wild flower honey. [114]. Another example is 

reported in the Bioactive Substances in Food Information Systems (eBASIS) Database [115] 

(http://ebasis.eurofir.org/Default.asp) where the profiles of bioactive compounds of some edible 

flowers are described, such as red clover, rowan, purple coneflower, perforate and common St. 

John’s wort, pale Echinacea, marigold, lemon balm, cauliflower, chamomile, broccoli, and artichoke. 

5.2. Safety Issues of Edible Flowers 

Edible flowers are defined as nontoxic, innocuous flowers with health benefits [116], but from a 

nutritional point of view, the benefits and risks related to their consumption must be considered. In 

fact, if it is true that flowers are an important source of nutrients and molecules with high 

antioxidant activity, it is also necessary to consider another topic to be addressed scientifically 

related to their safety of use for the possible presence of unwanted substances in and/or on flowers. 

From the point of view of adverse reactions of edible flowers consumption, one should consider 

the following: 

- the presence of toxic compounds and 

- the possibility to develop allergic reactions. 

Few data are present in the literature regarding these two hot points. Further research should 

be carried out in these directions. 

5.2.1. Potential Toxic Compounds in Edible Flowers 

To date, there is little information and few studies about the toxicity of edible flowers. The 

presence of toxic compounds linked to the consumption of flowers can be related to several factors: 

the type of flower, the cultivation of the flowers, and above all, the presence of toxic compounds in 

the floral tissues. 

Flowers may contain toxic molecules synthetized by the plant to prevent their damage and 

some of them can act very strongly on humans [117–120]. The quality and quantity of toxic 

compounds present in plant tissues are very important for the consequences on human health as 

well as the frequency of consumption. Some inedible flowers contain phytotoxins that can cause 

serious pathological conditions even if the consumer has eaten small amounts (e.g., Colchicum 

autumnale, Datura stramonium, Nerium oleander) [121–123]. Most of these plants produce floral nectar 

consisting of sugars (about 90% by dry weight) and several compounds, including lipids, amino 
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acids, minerals, antioxidants, and secondary phytotoxic compounds transported between plant 

tissues via the phloem. Adler [124] summarizes and lists the species that produce nectar containing 

phytotoxins that are dangerous to bees and humans. The genera that produce nectar harmful to 

humans are Agauria, Andromeda, Kalmia, Rododrendon, Paullina, Azalea, and Euphorbia, and then, the 

flowers are inedible. 

Edible flowers, as well as fruits and vegetables, could contain phytotoxins in small quantities. 

The ingestion of phytotoxins can give different symptoms such as nausea, vomiting, and diarrhea 

but also DNA damage that may lead to certain health implications. The recent work of Egebjerg et al. 

[120] reported a study in the frame of a control campaign by the Danish Veterinary and Food 

Administration visiting 150 restaurants and local food producers from May to October 2016. The 

authors studied flowers from 23 plants harvested from the wild, cultivated in private gardens, or in 

market gardens. The authors [120] presented an evaluation of safety of the selected flowers on the 

basis of phytochemical studies and toxicological data published in literature: within the 23 flowers, 

nine reported toxic or potentially toxic compounds, two included unidentified toxic compound(s), 

and four had potentially toxic compounds found in other plant parts or related species. It is 

important to underline that also fruits and vegetables could contain a wide variety of plant-derived 

phytotoxins well listed by Rietjens and collaborators [125] and Pinela et al. [119]; among the various 

phytotoxins there are aristolochic acid produced by Aristolochia fanchi, a herb of folk Chinese 

medicine; the coumarins present in the essential oils of lavender and mint; pyrrolizine alkaloids 

contained in the tissues of various plants for food use belonging to the Boraginaceae, Asteraceae, 

and Fabaceae families; ephedrine alkaloids produced by Ephedra herbs; synephrine, contained in 

Citrus aurantum and Citrus reticulata fruits; kavalactones produced by Piper methysticum; anisitin 

present in Illicium verum; cyanogenic glycosides contained in fruits and seeds of several Rosaceae 

plants (almond, apricot, black cherry, cherry, peach, etc.), sorghum, and cassava; oxalic acid from 

several wild edible species; saponins from legumes; solanine and chaconine from potatoes; and 

glycirrhizinic acid present in Glycyrrhiza glabra rhizomes. 

In edible flowers, the most frequent phytotoxins are thujone and three 

alkenylbenzenes—methyl eugenol, 1,8 cineole (eucalyptol), and safrole—which are responsible with 

other aromatic compounds for the taste and aroma of spices and aromatic herbs such as basil, sage, 

and fennel [125]. These compounds are used to flavor food products, beverages, and cosmetic 

products or personal hygiene products (e.g., toothpastes, mouthwashes, soaps). Smith and 

collaborators [126], based on calculations relating to daily exposures to these compounds, believe 

that they do not pose a significant risk to human health. On the basis of the directives established by 

the Joint FAO/WHO Expert Committee on Food Additives (JECFA) to identify the tolerable daily 

dose and the acceptable daily dose of toxic compounds present in food, Egebjerg et al. [120] identify 

the daily ingestible doses for some edible flowers by adults. The authors indicate for Achillea 

millefolium, an amount of fresh flowers equal to 18 g in order not to exceed the acceptable daily dose 

of thujone; for Galium odoratum, an amount of fresh flowers equal to 7 g in order not to exceed the 

tolerable daily dose of coumarin; and for Tropaeolum majus, an amount of fresh flowers equal to 39.5 

g in order not to exceed the tolerable daily dose of erucic acid. 

Another possible risk related to the consumption of edible flowers could be represented by the 

possible concentration of metals and heavy metals in their tissues. In reality, as observed by 

Grzeszczuk et al. [127] and Drava et al. [128], the risk of metal poisoning, following the consumption 

of flowers properly grown for human nutrition, was low because the edible flower species were 

characterized by a relatively low concentration of metals and heavy metals (Cd, Co, Ni, Pb, V). These 

results were obtained by applying cultivation methods without pesticides and using adequate 

fertilization. On the other hand, the consumption of edible flowers collected in the field, in polluted 

areas, and along roadsides, increases the risk of metal poisoning. 

It is worth mentioning the review of Lu et al. [129] that showed fifteen years of research (from 

2000 to 2015) on common edible flowers; besides traditional use, phytochemicals, and health 

benefits, the toxicologic aspects were explored. The authors noted that the toxocology of edible 

flowers is less explored compared to fruits and vegetables and most of the studies analyzed in the 
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review revealed that edible flowers were non-toxic at an appropriate dosage. However, the authors 

reported studies on roselle being potentially hazardous [130–133]. 

5.2.2. Risks Associated With the Consumption of Edible Flowers: Consumer Safety Precautions. 

More than one hundred different species produce edible flowers; some of them are commonly 

consumed unconsciously like artichokes, broccoli, cauliflowers, capers, pumpkin flowers, and 

saffron pistils; therefore, consumers are not wary of these flower species [129]. Harvesting edible 

flowers in nature is not recommended without the necessary botanical knowledge and harvesting in 

urban contexts and on the roadsides is risky for heavy metal contamination. Furthermore, it is not 

recommended to eat flowers purchased from florists because the ornamental product could be 

treated with pesticides used to maintain the aesthetic value of cut flowers and pot plants [117]. Safe 

edible flowers must be cultivated as food, in organic farming or following the rules for vegetable 

production. 

Proper identification of edible flowers is essential to assess safety issues (both toxicological and 

allergic ones). Moreover, people with asthma or allergies should be cautious because the pollen of 

specific plants could trigger allergic events. It is important to underline the following issues to take 

into account: 

- the presence of any allergens must be declared to the consumer on the food label or menus, if 

the meal is eaten away from home; 

- to avoid problems related to cross-contamination, especially for allergic people, the hygiene 

rules in use for all foods must be respected—pollen residues or allergens could give rise to 

allergic reactions; 

- sensitive individuals must gradually introduce new varieties of flowers into their diet to check 

for any allergic reactions; and 

- flowers that are not found to be consumed in Europe before 15 May 1997 must be registered as a 

novel food. 

Few data are present in the literature and further research should be carried out in this 

direction. For instance, Mazzocchi et al. [134] summarize the main results in the prevention and 

management of food allergies, highlighting the key role of nutritional components and dietary 

habits in the inflammatory response of the immune system. The same authors marked how 

individualized strategies should be implemented in terms of food allergy management; these 

strategies will include developmental preparation for weaning, the prevalence of particular food 

allergies in some countries, family eating habits, and the availability of medical and dietary care. 

Costa et al. [135], regarding the management of food allergies, with particular attention on natural 

tolerance and food sensitization acquisition, underline how immunotherapy treatments can be an 

innovative approach in this field. Although the topic is still debated, these treatments have been 

found to be effective, safe, and adjuvant in patients with multiple food allergies. 

5.3. A Case Study: The ANTEA Project 

In this scenario, in the framework of the project named “Innovative activities for the 

development of the cross-border supply chain of the edible flower” (ANTEA), the potential 

allergenicity of examples of edible flowers was studied. 

The project ANTEA is concentrated on the development and the implementation of the edible 

flower chain, from production with sustainable methods to distribution, conservation, safe use, and 

the study of chemical and organoleptic characteristics of a sample of 40 species. 

In Supplementary file S1, 62 edible flowers are described, selected for the study of allergenicity, 

family, genus, species, variety, origin, and English and Italian names. Moreover, Supplementary file 

S1 well summarized their application in nutrition and phytochemistry evidence and documented 

references. 

The species and varieties covered by the project were selected on the basis of various factors 

such as stable presence on the market as edible flowers, use in traditional recipes in Europe or in the 

rest of the world, organoleptic and/or decorative characteristics, and information already present in 
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the literature. Some species such as violets and pumpkin flowers are already marketed in the 

supermarket in polyethylene bags or mixed with salads [103]. Many flowers used to produce syrups, 

liqueurs, and herbal teas can also be used fresh. This is the case of the different varieties of roses, 

hibisci, calendulas, and cornflowers. Even some flowers used for the preparation of perfumes are 

edible; they contain essential oils in petals that confer an intense taste to rose, lavender, tuberose, 

and carnation flowers. Wild flowers such as dandelions, borages, daisies, primroses, snapdragons, 

nasturtia (Figure 4A), wild garlic, and some species of clover are reported in ancient and traditional 

regional recipes mainly in soups and fresh salads. Some of these flowers have satisfying colors, 

forms, and interesting tastes which is the reason why many chefs and confectioners use edible 

flowers to add unusual flavors and visual appeal to their creations. Cooking with edible flowers is 

reported in many extra-European nations. For example, the inflorescences of Acmella oleracea are 

spicy, sparkling, and “anesthetize” the mouth as piment; they are used in South America raw or 

cooked for traditional salads and stews [136]. In South Africa, Tulbaghia flowers are called “social 

garlic” because they have a pleasant garlic taste and are perfectly digestible. In Eastern countries, 

flowers such as chrysanthemum and butterfly pea are commonly used. In regards to taste, begonias 

(Figure 4B) give a light acidic note to dishes, as well as Pelargonium odoratum ”Lemon” enriches 

food with a pleasant lemon aroma; flowers and leaves of Mertensia maritima give a special oyster 

flavor [137]. Other flowers that normally decorate terraces and balconies, properly grown, can have 

another utilization; it is the case of floss flowers, marigolds, petunias, and fuchsias with carrot, spicy, 

floral, and radish tastes, respectively. Attractive flowers involved in garden design such as Verbena 

bonariensis, dahlias, faassen’s catmint, and daylilies can be eaten in salads. Finally, the flowers of 

many aromatic and spice species can be eaten, giving the characteristic fragrance present in the 

glandular trichomes; the sage, basil, and rosemary flowers have the same taste as the leaves but 

without the bitter notes. Some species and varieties of Agastache are very sweet and aromatic 

(licorice, mint, lemon, and anise) and rich in secondary compounds [138]. Monarda dark red petals 

(Figure 4C) can be used fresh or dried to garnish pizza or pasta due to their oregano and bergamot 

taste. Andean sage (Salvia discolor—Figure 4D) produces flowers with abundant nectar and petals 

with black currant and pine nut tastes. These edible flowers are rich in secondary compounds and 

antioxidants [139] that can enrich the human diet. In addition, the tepals of Crocus sativus, 

bio-residues of the saffron economy, are completely edible and can be used fresh or dried providing 

plant secondary compounds (polyphenols, anthocyanins, and flavonoids) with good antioxidant 

activity [140]. 

  

(a) (b) 
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Figure 4. Four examples of edible flowers investigated during the “Innovative activities for the 

development of the cross-border supply chain of the edible flower” (ANTEA) project: (a) Tropaeolum 

majus, (b) Begonia semperflorens, (c) Monarda didima, (d) Salvia discolor. 

In the ANTEA project, cytotoxicity tests were performed on two immortalized cell lines 

commonly used for this biomedical test: COS-7 from monkey kidney and HepG2 from the human 

liver. The two cell lines were cultured for 24 h in the presence of the edible flower extracts at five 

different concentrations (1000, 100, 10, 1, and 0.1 µg/mL). The cells exposed to the flower extracts of 

eight species or varieties (Acmella oleracea, Ageratum houstonianum, Begonia semperflorens, Fuchsia 

regia, Ocimum basilicum “citriodorum”, Tulbaghia cominsii, Tulbaghia violacea, T. violacea “Alba”) 

showed a cell vitality percentage of less than 50% at a concentration of 1000 µg/mL [141]. 

Concerning the potential allergenicity of edible flowers studied in the ANTEA project, we 

worked in two consecutive steps: bibliographic research and allergen-dedicated database 

consultation. 

Bibliographic research about edible flowers has highlighted that few data are present in the 

literature. No data have been found in the literature that reports the presence of allergens belonging 

to the superfamily of the plant kingdom. 

Database Allergen Nomenclature and the COMprehensive Protein Allergen REsource 

(COMPARE) Database were used to identify possible allergens in the selected flower sample of the 

ANTEA project. The searching was carried out by entering the scientific name of the potential 

allergen source and covering the different anatomical plant parts. The selected flower sample and 

related allergens identified are reported as Supplementary file S2. 

By searching in the COMPARE Database for Crocus sativus referred to saffron pollen and 

stamen [142], we have found the allergen profilin protein. The Allergen Nomenclature Database 

reported for Crocus sativus two allergen proteins: Cro s 1 and Cro s 2 (profiling) respectively with 

molecular weights of 21 and 14 kDa. 

By using Allergen Nomenclature for another species of genus Cucurbita, Curcurbita maxima, we 

found a positive match with two allergens: Cuc ma 4 (11S globulin, 50 kDa) and Cuc ma 5 (2S 

albumin, 14 kDa). This result gives us an alert for Cucurbita sp. pepo. 

The results obtained by consulting the two databases considered, COMPRISE and Allergen 

Nomenclature, marked two alerts for two varieties of edible flowers (see Supplementary file S2) 

selected in the project. It is necessary to consider not only the direct allergic reactions, but also the 

cross-reactions that can occur (see especially the Crocus sativus case). 

However, it is important to underline that the databases considered do not allow us to conclude 

that the selected varieties do not contain allergens, but only that at present there is no scientific 

evidence that proves otherwise. 
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Another safety parameter is a clear and verified documentation on the historical consumption 

of the edible flower. Ongoing activity is verifying if the selected flowers sample of the ANTEA 

project may be considered novel foods on the basis of a significant consumption in Europe prior to 

15 May 1997 (Regulation (EC) 258/97 on novel food and novel food ingredients). The edible flowers 

of the ANTEA project which present consumption data prior to May 1997 (and, therefore, not 

considered as novel food) can be considered safe from the allergenic point of view. The other edible 

flowers of which it is not possible to demonstrate a historical consumption prior to May 1997 must 

be submitted to the EFSA for recognition as novel food. 

However, it should be considered, as part of the safety assessment, that edible flowers are 

generally consumed in composite dishes in quantities of the order of grams. It should also be 

considered that if the product is processed (i.e., cooking procedures), the allergenic potential could 

have significant variations. 

As for labeling, the edible flowers selected for the ANTEA project not belonging to the 14 main 

allergenic food groups do not need to be highlighted in the product label. In the case of 

cross-contamination, the edible flowers follow the regulation of other foods (see Figure 3). 

6. Conclusions 

Edible flowers are and have been used in some cultures for a long time; nonetheless, nowadays 

they have become a novel trend in food. The demand for edible flowers expanded worldwide in 

recent years, answering to requests of both consumers and chefs which suggests that edible flowers 

are safe, may improve flavor, give color, and enhance the visual appearance of dishes. The main 

current challenge is to define a shared regulation system to assess the context, safety, and use of 

edible flowers. Considering  allergy aspects it is important to underline that new edible flower must 

be introduced in the EU market following the European regulation for novel foods [93].  

Supplementary Materials: The following are available online at www.mdpi.com/2071-1050/12/20/8709/s1, 

Supplementary file S1: Description and phytochemistry evidence of 62 edible flowers; Supplementary file S2: 

potentially allergenicity evaluation of 62 edible flowers. 
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