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ABSTRACT

Given the rapidly increasing global demand for food, it is mandatory to consider new sources of
nutrients, safe and sustainably produced protein foods to complement the current traditional and
limited sources of protein in the human diet. In recent years, a wide range of nontraditional protein
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foods have been explored, prompting the European Union to legislate on how novel foods can be
introduced and traded on the European market to ensure their safety. This review will illustrate the
range of novel foods authorized in the EU and their potential impact on human health, highlighting
the gaps, the potential risks, and the future research opportunities and perspectives.

GRAPHICAL ABSTRACT

1. Introduction

The global population currently stands at 7.5 billion people
and is expected to increase to 9-10 billion by 2050 (UN
2019), resulting in growing food demand by 70% and increas-
ing pressure from food production systems on natural ecosys-
tems. Fifty per cent of the Earth’s habitable land is used for
agricultural production (van Dijk et al. 2021), and food sys-
tem chain, including production, storage, transport, process-
ing, packaging, retail and food waste, is recognized to be
responsible for more than a third of global gas emissions,
particularly related to animal husbandry (Crippa et al. 2021).
Reducing proteins of animal origin and replacing them with
alternative protein sources is the cornerstone of future food
security (Mazac et al. 2022; Bull et al. 2022), as this would
reduce the overall impact by more than 80% without compro-
mising nutrition (Parodi et al. 2018; Tzachor, Richards, and
Holt 2021). One way to address this problem could be the
use of foods that derive from sources other than traditional
agriculture and livestock, such as insects, algae, fungi etc. that

are collectively defined as novel foods. Compared to
animal-based meals, novel food has up to 88% less global
warming potential, 83% less land use, 87% less scarcity-weighted
water use, 95% less freshwater eutrophication and 78% less
marine eutrophication, and 92% less impact on soil acidifica-
tion, while providing the same nutritional value as vegan and
omnivorous meals (Mazac, Jarvio, and Tuomisto 2023).

In Europe, the Novel foods have been regulated since 1997
by EU Regulation 258/97, which defines them as foods or
ingredients intended for human consumption that have never
been consumed on a significant scale in Europe prior to the
adoption of Regulation 258/97 (https://food.ec.europa.eu/
system/files_en?file=2016-10/novel-food_guidance_human-
consumption_en.pdf) and provides a detailed list of Novel
foods constantly updated by the Commission Implementing
Regulations (EU) (Truzzi et al. 2023). According to the low,
they include “foods or ingredients with a new or intentionally
modified primary molecular structure; foods or ingredients
consisting of (or isolated from) animals, plants, micro-organisms,
fungi, algae or jellyfish; foods produced from materials of
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mineral origin and products and food ingredients which have
undergone a nonstandardized production process which gives
rise to significant changes in the composition or structure or
nutritional value or level of undesirable substances” (https://
food.ec.europa.eu/safety/novel-food_en). The measure also
applies to foods traditionally consumed outside the EU, in the
category “traditional foods originated from a third Country”,
provided they have been safely used in at least one
non-European Country for 25years. Regulation EU 2015/2283
replaces Regulation EC 258/97, simplifying and updating it to
take account of changes in food consumption, habits, and
technology. It updates the categories of novel foods to include
nanotechnologies and foods of plant origin obtained by non-
traditional breeding to improve their composition or structure
significantly. These include foods made from micelles or lipo-
somes, novel carbohydrates such as new dietary fibers, the oli-
gosaccharides of milk identical to those found in humans (e.g.,
sucrose, lactose) and the new foods intended to replace sugars,
as well as food supplements such as plant extracts, synthetic
cannabidiol and, temporarily, cloned animals intended for food
purposes. Products with specific legal requirements such as
GMOs, enzymes, additives, flavorings, vitamins and minerals
that do not result in molecular differences that require “novel
food” status are excluded (by Article 2 of Novel Food
Regulation (EU) 2015/2283).

In this review, we aim to provide an overview of the
complex topic of novel foods and the benefits and potential
risks associated with their use and marketing in Europe.
This will contribute to a better understanding of the topic
and the examination of possible associated problems and
will contribute to a fruitful debate to better respond to the
challenges that will arise in the field of nutrition in the future.

2. Novel foods marketed in Europe
2.1. Cultured meat from animal cells

Over the last five decades, the demand for meat has steadily
increased so that animal proteins currently account for up to

Figure 1. Schematic process to produce of cultured meat (CM).

40% of total protein consumption, and a similar increasing
trend is predicted for the near future (Sans and Combris
2015). Against this background, cultured meat (CM) could
be an effective alternative to mitigate the effects of intensive
agriculture, resource consumption, agricultural pollution and
ethical issues related to animal life (Stephens et al. 2018) by
reducing gas emissions by up to 92% and land use by up to
90% (Zhang et al. 2021).

CM is a laboratory-grown meat obtained by the prolifer-
ation of muscle and fat cells in a suitable culture medium
containing nutrients, hormones, and growth factors or, in
some cases, fetal bovine serum (Post 2014). Changes in the
composition of the culture medium and the use of scaffolds
allow the immature cells to differentiate into skeletal muscle,
fat and connective tissue, making up the meat that can be
harvested, processed and packaged into final products. The
entire process takes between 2 and 8 wks, depending on the
type of meat cultured (Post 2014) (Figure 1).

CM could also help to reduce the problem of antibiotic
resistance in livestock (McNamara and Bomkamp 2022), as
the risks of contamination would be minimized in a strictly
controlled cycle and the use of antibiotics would be limited
to the pre-production phase (Ong et al. 2021; Saied et al.
2023). Finally, CM also offers the opportunity to produce
stand-alone products with improved sensory and nutritional
properties that are specifically tailored to a particular con-
sumer with specific nutritional needs (Treich 2021).

Today, a growing number of companies are working on
commercializing and scaling up cultured meat production.
Cell-based foods are currently authorized in Singapore (from
2020) and the USA (from 2023), but not in Europe, although
the first production of CM took place in 2013 at Maastricht
University (Netherlands) using primary bovine skeletal mus-
cle cells. Since then, several public and private laboratories
have entered this field of research, making it a very tangible
hypothesis for a new type of food (Stephens et al. 2018).
Nevertheless, the EU is funding projects for CM as a prom-
ising contribution to achieving the goals of the European
Green Deal objectives for fair, safe, healthy and


https://food.ec.europa.eu/safety/novel-food_en
https://food.ec.europa.eu/safety/novel-food_en

environmentally friendly food systems (https://www.
horizon-europe.gouv.fr/cultured-meat-and-culture
d-seafood-state-play-and-future-prospects-eu-
33346#:~:text=Cell%2Dbased%20agriculture%2C%20and %20
especially,for%20fair%2C%20safe%2C%20healthy%20and).

On the other hand, cultured meat, like genetically modi-
fied organisms, is not readily accepted by consumers and
raises concerns about naturalness, food safety, religion, ethics
and especially health risks (Mancini and Antonioli 2020).
While it is generally agreed that the potential problems and
allergenicity are the same as for conventionally produced
foods (FAO and WHO 2023; Routray et al. 2016), there is
particular concern that genetic material could be taken up
by the gut microbiome or human intestinal cells and result
in products that are potentially toxic or harmful to the con-
sumer (Wang et al. 2019). The Food Standard Agency UK
(https://www.food.gov.uk/research/identification-of-hazards-i
n-meat-products-manufactured-from-cultured-ani
mal-cells-glossary) lists the hazards in meat products manu-
factured from cultured animal cells including: the risk of
contamination from components used in the different cell
culturing stages; the risk of exposure to antibiotics and fun-
gicides residues used in the culturing; the safety of the bio-
reactor, pipes, pump etc used for cultures (Warner 2019);
the biological risks associated with the components derived
from animals such as the fetal bovine serum lines (Marga
et al. 2017). Further studies are needed on these safety
aspects of cell-based foods to improve stakeholders’ ability to
control them and consumers to acquire information for
greater awareness (Ong et al. 2021).

2.2. Edible insects

The consumption of insects may be considered unusual in
many Western cultures, but in many Asian, African and
Latin American countries they are already part of the diet
(Aidoo et al. 2023). More than 2000 species are consumed
whole or used as ingredients in the preparation of traditional
dishes, as they are an excellent source of protein and other
valuable nutrients (Barennes, Phimmasane, and Rajaonarivo
2015; Oibiokpa et al. 2018). Insects contain essential
long-chain, polyunsaturated omega-3 fatty acids such as a a-
linoleic acid and significant amounts of crude fiber, espe-
cially chitin from the exoskeleton (Mokaya et al. 2023). They
are also a valuable source of peptides and essential amino
acids which act as prebiotics in the human gut, as well as
vitamins, minerals and 10 to 50% fat content depending on
species, habitat, diet, reproductive stage, age and sex (Belluco
et al. 2013). In Europe, insects are increasingly seen as a
potential and cost-effective substitute for traditional animal
protein and as an environmentally sound solution for a more
sustainable diet, due to their high feed conversion efficiency,
and reduced greenhouse gas emissions, use of water and ara-
ble land. However, while in Eastern countries many compa-
nies have already started to breed insects for food and feed
on a commercial scale (Cadinu et al. 2020; Dobermann,
Swift, and Field 2017), in Europe, they represent a very
small niche market and only four insect species are currently
authorized for human consumption by the European
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Commission: Tenebrio molitor larva (yellow mealworm),
Locusta migratoria (migratory locust) Acheta domesticus
(domestic cricket) and Alphitobius diaperinus (Ruggeri et al.
2023). On the other hand, the use of insects as food is also
a cause for concern, as they can potentially trigger
immunoglobulin-E (IgE)-mediated reactions that lead to
allergic sensitization or clinical symptoms in already sensi-
tized individuals (Precup et al. 2022; Ma et al. 2023).
Allergenicity is not yet fully understood, and the literature is
sparse and mainly refers to Asian and African populations
(Ribeiro et al. 2018; Pali-Scholl et al. 2019; Taylor and Wang
2018). Insects produce several classes of allergenic proteins
(Schliiter et al. 2017), of which tropomyosin (TM) is the
most important and most extensively described. Tropomyosin
is a protein involved in muscle contraction and exhibits high
cross-reactivity due to the high amino acid sequence homol-
ogy between variants (Lopez-Pedrouso et al. 2023; Ma et al.
2023). The allergenic potential of insects depends on insect
growth conditions, including diet, life-cycle stage and pro-
cessing methods (e.g., boiling, frying, roasting) (Murefu
et al. 2019; Ribeiro et al. 2021; Palmer et al. 2020; Imathiu
2020). This can be exploited to reduce the risk of allergy, but
many other variables play a role in allergy, including individ-
ual sensitivity, so further studies on the allergenic proteins,
their structure, post-translational modifications and interac-
tions within the food matrix are needed (Ldépez-Pedrouso
et al. 2023) to safely manage this aspect of insect-based foods.

2.3. Fungi

Five million species of fungal organisms are estimated to
exist worldwide, including yeasts, molds, and fungi which
grow in water, trees, soil and air, and contribute to degrad-
ing nearly all hydrocarbon wastes, releasing carbon, oxygen,
nitrogen, and phosphorus into the soil and the atmosphere
(Hawksworth and Liicking 2017; Niego et al. 2021). Fungal
fruiting bodies, mycelia or extracts have been used directly
as food or to produce various fermented foods for centuries
(Tamang, Watanabe, and Holzapfel 2016) due to their high
nutritional value and the attributed antimicrobial, antitu-
mour and antioxidant properties (Duvnjak et al. 2016). They
are rich in phytosterol derivatives such as ergosterol, sterol
and B-d-glucan (Kala¢ 2009), which have a cholesterol-lowering
effect (Cheung 2010, Wasser 2011), and a good source of
iron, copper, riboflavin, niacin, and fiber and, release pro-
tein, vitamins B, C, and D, and selenium when cooked
(Muszynska et al. 2018).

Due to all these properties, fungi are increasingly being
consumed in new forms on the European market, especially
as food supplements under the Novel Food Regulation. In
2019, California-based mushroom manufacturer Monterey
Mushrooms producer received authorization from EFSA to
market Agaricus bisporus powder fortified in vitamin D fol-
lowing ultraviolet irradiation treatment (https://www.efsa.
europa.eu/en/efsajournal/pub/7326). Similarly, “FermentIQ™”
from MycoTechnology Inc, the high-protein (> 75%) dehy-
drated powder of peas and rice fermented by Shiitake myce-
lia (Lentinula edodes), received recognition as a novel food
(Bisen et al. 2010) and is used for baked goods, beverages,
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soups, meat, etc. (Cardwell et al. 2018; Clark et al. 2022).
This product is valued for its nutritional components, which
include free sugars such as arabinose, arabitol, mannose,
mannitol, trehalose and glycerol; vitamins (B2, B12, D2) and
fiber and various bioactive polysaccharides such as p-d-glu-
can, heteroglucan, xylomannan, eritadenin (Hobbs 2000) and
lentinan, which has immunostimulant and immunomodula-
tory properties (Melgar-Lalanne, Herndndez-Alvarez, and
Salinas-Castro 2019). Another fungus authorized as a novel
food in the EU in 2023 (by Golden Biotechnology Corp) is
Anthrodia camphorate (syn: A. cinnamomea (niu-chang-
chih). This species, a parasite of the tree Cinnamomum
kanehirae (Bull camphor tree) Hayata (Lauraceae), which
grows in the forests of Taiwan at an altitude of 200-2000m,
is traditionally used in Chinese medicine (Geethangili and
Tzeng 2011). It contains several active ingredients, including
terpenoids, polysaccharides, ubiquinone derivatives (antro-
quinonol), maleic and succinic acid derivatives, polyphenols,
etc., which make it a beneficial supplement for food and
beverages.

Although the use of fungi as food is growing, little is
known about their allergenicity, which has been observed in
2.5-6% of the population after exposure and consumption
(Pravettoni, Primavesi, and Piantanida 2014, Goikoetxea,
Fernandez-Benitez, and Sanz 2009). The growing role that
they will play in the modern food industry makes it neces-
sary to deepen the safety aspects of their use and increase
knowledge of their interactions with immunological pro-
cesses (Singh, Garg, and Upadhyay 2024).

2.4. Algae

According to the definition of the European Committee for
Standardization (CEN 454), the term “algae” refers to a group
of aquatic photosynthetic organisms that includes the eukary-
otic pluricellular macroalgae and microalgae, as well as the
procaryotic cyanobacteria (Leyland, Leu, and Boussiba 2017;
Adl et al. 2019; De Araujio and Peteiro, 2021). Algae play an
important ecological role by contributing to the regulation of
marine ecosystems through photosynthesis and the produc-
tion of organic food molecules and oxygen, thus ensuring
the survival of marine species (Lafarga 2019). They have
been consumed for centuries, but recent research on their
properties has shown the possibility of expanding their use
as food through new production methods (Choudhary,
Chauhan, and Mishra 2021; Diaz et al. 2023). Different algae
species grow relatively fast and are capable of producing 167
times more biomass per year than corn while using the same
amount of land (Matos et al. 2017). Today, they contribute
to almost 30% of global aquaculture production and provide
food rich in fiber, micronutrients, bioactive compounds and
proteins that benefit human health (Bonaccorsi et al. 2020),
such as essential amino acids like glycine, arginine, glutamic
acid and alanine (Aguilera-Morales et al. 2005). They also
contain indigestible polysaccharides (dietary fiber), which
improve gut function and provide polyunsaturated fatty acids
for a balanced diet. They are rich in vitamins A and C, nia-
cin and folic acid, as well as various pigments with antioxi-
dant, antimicrobial, anti-cancer and anti-inflammatory

properties (Wells et al. 2017). Algae are also a source of
iodine, an essential mineral that is important for the proper
functioning of the thyroid gland (Healy et al. 2023). In
Europe, the use of algae as food continues to grow in paral-
lel with the European Commission’s actions to promote their
sustainable production and use, to ensure their safe con-
sumption, improve their use in the EU and promote con-
sumer acceptance. Currently, there are 1550 different species
of algae growing in EU waters, but only 23 have been
included as foods or food supplements in the EU Novel
Food Catalog (De Aratjo and Peteiro 2021). Although algae
are considered a safe food, their consumption in the human
diet raises concerns about the contaminants that may be
present in the growing environment, such as heavy metals.
Banach, Hoek-Van Den Hil, and Van Der Fels-Klerx (2020)
have identified four threats to the European algae chain
associated with arsenic, cadmium, jodine and Salmonella.
While hygienic problems can be solved by growing edible
algae in unpolluted waters, the problem of allergenicity of
algae in the population seems to be more complex, and few
studies are available about the topic. Various proteinaceous
allergens have been identified in algal foods (allergome.org),
but some of these have not yet been biochemically character-
ized and require further investigation.

Several studies have identified potential allergens in
algae, namely phlorotannins (Barbosa et al. 2018), polysac-
charides (Borthakur et al. 2012) and proteins (Polikovsky
et al. 2019). These components are capable of triggering
allergies to varying degrees. Whether these molecules trig-
ger allergenicity in humans requires further investigation.
Most studies have focussed on the unicellular species
Spirulina (Arthrospira) and Chlorella (58%), which are
widely used in the dietary supplement industry. Several
studies using rodent models show that some algae-derived
components such as carrageenan can induce intestinal
inflammation and significantly alter the composition of the
gastrointestinal microbiota (Benard et al. 2010; Chassaing
et al. 2017). In addition, food supplements derived from
Spirulina spp. and Chlorella spp. contained cadmium and
mercury, probably due to the lack of quality controls
(Rzymski et al. 2015). Toxins were also found in dietary
supplements  derived  from = microalgae due to
cross-contamination with toxin-producing cyanobacteria
(Hadi and Brightwell 2021; Quintieri et al. 2023).

2.5. Nanoscience and nanotechnology

Nanotechnology deals with the use of nanoparticles that have
an average size of one hundred nanometers (nm) or less in
at least one dimension, to alter the chemical and physical
properties of materials, often turning an ordinary unreactive
material into a highly reactive substance (https://www.fsai.ie/
getattachment/b644eff2-1549-46ff-93da-3a309bed2d6d/
nanotechnology-and-food.pdf?lang=en-IE&ext=.pdf). The use
of nanomaterials in the food sector is regulated by Article
3(2)(f) of the Novel Food Regulation (EU) 2015/2283, as this
technology is increasingly being applied to food to develop
certain desired properties or to improve packaging.
Nanotechnology is used in food to enhance taste, color,
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Table 1. List of advantages and disadvantages in the main categories of novel foods.

Novel food Reference EU Advantages

Disadvantages Ref.

Cultured meat  Regulation EU -

2015/2283

Efficient choice compared to

conventional livestock systems;

+  Reduction in the use of resources, such
as animals, water, land and cereals;

+ Reduction of agricultural pollution and
eutrophication;

+  Reduction of food-borne illnesses;

. Antibiotic-free meat;

+ Healthier meat consumption adapted to

specific dietary needs.

Functional food: rich in essential
peptides and amino acids, long-chain
omega-3 polyunsaturated fatty acids,
fiber, vitamins and minerals;

Edible insects Regulation EU -

2015/2283

+ Economically advantageous compared to

animal and vegetable proteins as they
require fewer resources.

Fungi Regulation EU -  Cholesterol-lowering effects;
2015/2283 -« Good source of iron, copper, riboflavin,
niacin, and fiber and, release protein,
vitamins B, C, and D, and selenium;
+ Immunostimulant and
immunomodulatory properties.
Algae Regulation EU - foods rich in fiber, micronutrients,

2015/2283 bioactive compounds, essential amino
acids (glycine, arginine, glutamic acid
and alanine), vitamins (A and C), niacin
and folic acid, pigments with
antimicrobial, anticancer and
anti-inflammatory properties; source of

iodine

Nanotechnology Regulation EU -«
2015/2283

Foods products with certain properties
and characteristics desired.

+  Allergenicity,
+ Products potentially toxic or harmful to
the consumer.

Treich 2021; Ong et al. 2021; FAO
and WHO 2023; Routray et al.
2016; Wang et al. 2019;
Nawaz et al. 2019.

Alexander et al. 2017; Belluco
et al. 2013; Schliiter et al.
2017; Ribeiro et al. 2018;
Varunjikar et al. 2022; Hall,
Fitches, and Smith 2021; Bose
et al. 2021; Leni et al. 2020.

+  Main allergenic proteins: tropomyosin,
myosin, actin, troponin C, tubulin,
hemocyanin, defensin, arginine kinase,
triosephosphate isomerase, a-amylase,
trypsin, phospholipase A,
hyaluronidase.

Cheung 2010; Wasser 2011;
Muszynska et al. 2018;
Melgar-Lalanne,
Hernandez-Alvarez, and
Salinas-Castro 2019

Bonaccorsi et al. 2020; Wells
et al. 2017; Healy et al. 2023;
Petrus et al. 2010; Bianco
et al. 2022.

+  Presence of dangerous molecules for
human health such as Arsenic,
cadmium, iodine and Salmonella

+ Main allergenic proteins: C-phycocyanin,
Thioredoxins,

Superoxide dismutase,
Glyceraldehyde-3-phosphate,
dehydrogenase,
Triosephosphate isomerase,
viz. calmodulin,
Fructose-bisphosphate aldolase

«  Probable nanotoxicity resulting from
inhalation or dermal exposure.

Allai et al. 2023

flavor, and texture or to increase nutritional value. Organic
nanoparticles can be used to encapsulate nutrients to improve
their bioavailability or to mask an undesirable taste or odor;
inorganic nanoparticles, including gold, silver and titanium
can be used as additives and preservatives. Nanomaterials can
also be used in food packaging, for example to improve the
flexibility or temperature and moisture stability of materials,
or can release antimicrobial, antioxidants or flavoring com-
pounds to improve the shelf life or sensory characteristics of
the product. They can also contain nanosensors capable of
identifying specific microbial or chemical contaminants and
are therefore useful for food biosafety and traceability.

With the increasing use of these nanomaterials in food,
concerns have arisen about their safety (He and Hwang 2016).
Foods containing nano-ingredients or produced using nano-
technology are considered novel foods and must therefore
undergo a safety assessment before being placed on the mar-
ket, following the EFSA guidance on the risk assessment of
the application of nanotechnologies in the food and feed chain
(https://doi.org/10.2903/j.efsa.2021.6768). Moreover, engineered
nanomaterials in food, including plastic layer materials that is
not in direct contact with the food, must be correctly labeled
on the list of food ingredients. Nevertheless, very little infor-
mation is available on the biological effects of nanomaterials
and their toxicity, and knowledge on the fate and interaction
of nanoparticles that enter the human body through skin con-
tact, inhalation or ingestion is limited. In particular, the use of
inorganic nanomaterials such as silver and titanium, both

directly in food and in food contact materials, requires a rig-
orous safety assessment, and the immunomodulatory effect of
nanomaterials in already sensitized individuals needs to be
further investigated (Yoshioka et al. 2017).

3. Safety of novel foods

Legislative instruments for regulation and control of novel
foods exist in the EU and non-EU countries, reflecting dif-
ferent approaches underlying food regulatory systems.
Authorities in Canada, Japan, the United States and Australia
are not particularly concerned about novel foods as long as
they do not pose a risk to human health. In the United
States in particular, the food industry has a high degree of
freedom as long as the general legal requirements for food
safety are met, even though manufacturers have a general
responsibility. Australia and Canada have a regulatory system
that is more similar to the European one, but with signifi-
cant differences in the definition of what is covered by novel
food legislation and the authorization procedures. Although
explicit pre-market authorization is required in Australia and
Canada before novel foods can be placed on the market, the
differences in the concept of novel foods determines that
many more foods can be placed on the market easily and
quickly. On the contrary, the more cautious approach and a
broader interpretation of the precautionary principle applied
in the EU require that even foods that do not pose a risk to
human health must be explicitly authorized before they can
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Figure 2. The most important methods for the detection and characterization of allergens in novel food.

be placed on the market if they are considered novel food.
In Europe, the precautionary principle is expressed in the
fact that companies producing innovative foods must obtain
authorization before placing a product on the market and
must fulfill the safety requirements of the European Food
Safety Authority (EFSA), which are based on all available
information, including primarily the results of toxicity stud-
ies and any adverse effects using human data.

The safety assessments are carried out at the request of the
European Commission and based on the dossier submitted by
the applicant, which must contain data on the composition and
nutritional, toxicological and allergenic properties of the novel
food, as well as information on the manufacturing processes
and intended use (DallAsta 2022; Ververis et al. 2020). All novel
food applications received by EFSA are publicly accessible via
the EFSA Register of Questions (ROQ) database (http://
registerofquestions.efsa.europa.eu/roqFrontend/login?), while all
published technical reports on the risk assessment of these
products are published in the EFSA Journal. In this procedure,
the Member States are only informed, and the evaluation and
authorization are the responsibility of the Commission and
EFSA (https://www.efsa.europa.eu/en/efsajournal/pub/6555;
https://www.efsa.europa.eu/en/supporting/pub/en-6488). The
evaluation also includes consideration of possible effects on vul-
nerable groups, and the Commission has the power to introduce
post-market monitoring requirements to monitor the use of the

authorized Novel Food to ensure that the use is within safe lim-
its as established by the Authority’s risk assessment.

While there are standardized and well-defined methods
for the assessment of nutritional, microbiological and toxico-
logical risks, the assessment of allergic risks of a new protein
source is less straightforward. Food allergens are mainly pro-
teins that may pose a risk due to de novo sensitization or
cross-reactivity (Table 1) (Valenta et al. 2015). The effective
detection of food allergens is complicated by the effects of
different treatments and food matrices on allergen traces
and by interference with specific markers in food. Therefore,
the assessment of allergenic potential is a major bottleneck
and one of the biggest limitations in the risk assessment of
many novel food candidates (DallAsta 2022). As there is no
recognized specific trait that can predict food allergy, all
guidelines recommend a weight of evidence (WOE) approach
based on various tests of a protein’s allergenic potential
(Verhoeckx et al. 2016). The current risk assessment of aller-
genicity is based on the characterization of the protein com-
ponent of the food based on biochemical and immunological
tests such as ELISA, protein/peptide microarray, immunoflu-
orescence, radioimmunoassay, Western blotting, and immu-
nohistochemistry (Bianco et al. 2022) (Figure 2).

Advances in the field of immunology and new sequenc-
ing techniques, as well as a deeper knowledge of allergens,
including their structures, now make it possible to perform
homology searches, i.e., the comparison of a protein of


http://registerofquestions.efsa.europa.eu/roqFrontend/login
http://registerofquestions.efsa.europa.eu/roqFrontend/login
https://www.efsa.europa.eu/en/efsajournal/pub/6555
https://www.efsa.europa.eu/en/supporting/pub/en-6488

interest with known allergens to identify similarities and
prevent possible cross-reactivity. In silico searches for amino
acid sequence homologies and/or structural similarities with
known allergens are becoming an interesting alternative for
the discovery of food allergens in novel foods. Search engines
such as the local alignment algorithm FASTA (Pearson and
Lipman 1988) or the Basic Local Alignment Search Algorithm
(BLAST) (Altschul et al. 1990) can be used, with the stan-
dard threshold of 35% identity over at least 80 amino acids
set by the FAO/WHO Scientific Advisory Panel in 2001
(Kedar et al. 2024) to query the databases for allergenic pro-
teins, such as the Structural Database of Allergenic Proteins
(SDAP) (https://fermi.utmb.edu), the allergen database of the
World Health Organization and International Union of
Immunological Societies (WHO/IUIS) (www.allergen.org)
and Allergome (http://www.allergome.org), AllergenOnline
(http://www.allergenonline.org), = ALLFam  (http://www.
meduniwien.ac.at/allfam/), and the COMPARE database
(http://comparedatabase.org/). In addition to crystallographic
and NMR-based approaches, Liquid Chromatography-Mass
Spectrometry (LC-MS) is also relevant for the quantification
of allergens in food, as it provides key information for aller-
gen labeling and verification of the effectiveness of safety
management and is therefore regarded by food companies as
the gold standard for the multiple detection of known aller-
gens in complex matrices (Cunsolo et al. 2014). In recent
years, nucleic acid-based methods, such as real-time PCR,
microarrays and DNA biosensors, have also been developed,
which offer high molecular specificity but are associated
with complex sample preparation and can yield false positive
results (Shin et al. 2022).

4, Conclusions

The introduction of new foods, as well as new technologies
or new materials, undoubtedly requires society and its lead-
ers to establish an ad-hoc regulatory framework that governs
safe production processes, minimizing potential unknown
problems for human health and the environment. This aspect
is defined by scientists as “regulating the unknown” (Finck
2018), and requires policymakers to balance regulatory
approaches between protection and innovation, between pro-
moting research and benefiting society, and between social
acceptance and government interference. Depending on the
culture and legal system, the balance may shift and one fac-
tor may be favored over others. Regulation usually involves
testing and a scientific evaluation of potential negative effects
on health and the environment (Vapnek, Purnhagen, and
Hillel 2021). Throughout history, many new foods, ingredi-
ents or methods of food production have come to Europe.
Some foods may arouse initial aversion if they come from
sources that are alien to Europeans, such as insects or algae,
or are produced using radically new technologies, such as
cultured meat. However, it is foreseeable that as more infor-
mation becomes available, trust and openness will grow until
use is normalized. Rigorous assessment of the safety of novel
foods and the procedures required for authorization and
market access can make an important contribution (Jaeger
et al. 2022; Trajkovska Petkoska et al. 2021). To this end, it
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is worth investing in food traceability technologies, and in
effective communication on the safety and clarity of infor-
mation provided to consumers, are worthwhile, so that novel
foods can be integrated into the diet and add value to a new
food culture (Hadi and Brightwell 2021).
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