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A B S T R A C T

The Novel Food Regulation provides the central legal framework for regulating food innovation in the European
Union (EU). Its suitability for transformative innovation, such as cellular agriculture, has recently come under
intense political and scientific scrutiny. This paper systematically analyzes how the Novel Food Regulation af-
fects the development of cellular agriculture in the EU. It employs an original analytical framework that captures
its influence on the functionality of the innovation system as well as the potential for “legal disruption” caused by
technological development. It triangulates a detailed legal analysis with empirical data, collected through EFSA’s
stakeholder consultations, expert interviews, as well as an original stakeholder survey. Results show mixed ef-
fects of the regulation on the innovation system for cellular agriculture: whilst the transparent and robust pro-
cedures by EFSA contribute to knowledge diffusion and legitimation, the complex authorization process hampers
entrepreneurial experimentation, resource mobilization and market formation. The regulation’s narrow focus on food
safety and the potential for political interference in the authorization process create a risk for legal disruption.
We argue that the creation of well-designed “regulatory sandboxes” could facilitate the identification of solutions
that actually contribute to food system sustainability and innovation, without compromising food safety.

1. Introduction

Cellular agriculture refers to various methods of food production that
involve the cultivation of cells, typically from animals or plants, in
controlled environments, with the purpose of producing cell tissues, as
in the case of cell-based meat (also known as “cultivated” or “cultured”
meat), or specific compounds, as for precision fermentation (Donaldson
and Carter, 2016; Eibl et al., 2021; Post et al., 2020). Considering the
increased global demand for proteins (Aiking and de Boer, 2020),
cellular agriculture products are deemed significant in the shift toward
more sustainable food systems (Bhat et al., 2015; Davis et al., 2024;
Fytsilis et al., 2024; Kumar et al., 2021; Luiz Morais-da-Silva et al., 2022;
Newman et al., 2024; Post et al., 2020). However, key technological and
economic challenges still need to be overcome (Chriki and Hocquette,
2020; Fernandes et al., 2022; Trinidad et al., 2023).

Over the past few years, a global innovation system for cellular
agriculture has evolved to comprise an increasing number of companies,
products, and technologies (Guan et al., 2021; Ye et al., 2022). As of
June 2023, 159 companies were active globally in the field of cell tissue
cultivation (Good Food Institute, 2023a) and 62 in precision

fermentation (Good Food Institute, 2023b). The cell-based meat sector
alone has raised 2,8 billion dollars between 2016 and 2022 (Good Food
Institute, 2023c) while companies working with precision fermentation
have collectively raised more than 1 billion between 2021 and 2022
(Good Food Institute, 2023b).

Regulation is one of the key factors shaping the evolution of this
innovation system (Broucke et al., 2023; Lähteenmäki-Uutela et al.,
2021; Post et al., 2020; Scaffardi, 2020; Stephens et al., 2018; Wood
et al., 2023), besides other aspects such as consumer acceptance (Asioli
et al., 2022; Davis et al., 2024; Giacalone and Jaeger, 2023; Lin-Hi et al.,
2022; Monaco et al., 2024; Siegrist and Hartmann, 2020) and
socio-economic conditions (Chiles et al., 2021; Davis et al., 2024; Due-
ñas-Ocampo et al., 2023; Gagnon et al., 2023; Luiz Morais-da-Silva et al.,
2022: Zarbà et al., 2022).

In the European Union (EU), the Novel Food Regulation (EU) No
2283/2015 (hereafter “NFR”) provides the central regulatory frame-
work for food innovation (Lietzow et al., 2020; Vapnek et al., 2021). It
covers categories of foods that were not consumed to a significant degree
within the Union before the 15th of May 1997, including products of
cellular agriculture (Broucke et al., 2023; Ronchetti et al., 2024). Novel

* Corresponding author.
E-mail address: alessandro.monaco@uni-bayreuth.de (A. Monaco).

Contents lists available at ScienceDirect

Future Foods

journal homepage: www.elsevier.com/locate/fufo

https://doi.org/10.1016/j.fufo.2025.100574
Received 9 July 2024; Received in revised form 24 January 2025; Accepted 13 February 2025

https://orcid.org/0000-0003-4548-6027
https://orcid.org/0000-0003-4548-6027
mailto:alessandro.monaco@uni-bayreuth.de
www.sciencedirect.com/science/journal/26668335
https://www.elsevier.com/locate/fufo
https://doi.org/10.1016/j.fufo.2025.100574
https://doi.org/10.1016/j.fufo.2025.100574
https://doi.org/10.1016/j.fufo.2025.100574
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fufo.2025.100574&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Future Foods 11 (2025) 100574

2

foods must undergo an authorization procedure before being placed on
the market. This procedure consists of two separate steps: a scientific
risk assessment conducted independently by the European Food Safety
Authority (EFSA) and a political risk management decision. The risk
assessment aims to demonstrate that the product is safe and its intended
use does not mislead the consumers, nor is it nutritional disadvanta-
geous. Once the risk assessment is concluded, the Commission prepares
a draft implementing regulation taking into consideration the general
conditions for approval of novel food, the scientific opinion of the EFSA,
relevant legal provisions including the precautionary principle and any
other legitimate factor relevant for the application under consideration.
The final decision on the authorization is taken by the Standing Com-
mittee on Plants, Animals, Food and Feed (PAFF), composed of EU
member states’ representatives.

As of December 2024, several extracts from cell cultures of plant cells
to be used in food supplements, as well as compounds produced via
precision fermentation, have been authorized as novel foods in the EU; a
first application for a cell-basedmeat product has been submitted in July
2024 (see Section 2). Other authorizations, including for cell-based meat
products, have been granted in several jurisdictions around the globe,
notably Singapore (Ives, 2020), the United States (Douglas, 2023) and
Israel (Aleph Farms, 2023), with applications pending in Switzerland
(Morrison, 2023a) and Australia (Food Standards Australia-New Zea-
land, 2023).

The suitability of the NFR to regulate animal proteins grown via
cellular agriculture has recently become a hot topic in EU policy.
Following a ban on the production and commercialization of products of
cellular agriculture adopted in Italy in December 2023 (Legge n.
172/2023: Article 2), the governments of Italy, France Austria and nine
other countries submitted a note to the Council of the EU in January
2024 that urged the adoption of a more comprehensive regulatory
framework to evaluate the significant implications of products of
cellular agriculture on the lifestyle of Europeans and the potential effects
on their health and safety (Note to the Council 5469/1/24 REV 1, 2024).
Similar propositions are highlighted in the European Protein Strategy
adopted in October 2023 by the European Parliament, where the NFR is
seen as not fit for purpose for assessing the ethical, social, environmental
and economic challenges posed by cellular agriculture (European
Parliament, 2023).

At the same time, interest groups (Morrison, 2023b) and researchers
are increasingly questioning whether the NFR slows down innovation,
pointing to the length and cost of the authorization procedure (Holle,
2018; Lähteenmäki-Uutela et al., 2021) and the overarching scope of the
NFR (Monaco and Purnhagen, 2022). Similar concerns have also been
expressed by stakeholders in the UK where the government has named a
more innovation-friendly novel food framework a strategic priority after
Brexit (Deloitte LLP, 2023). According to Article 1(2), the main purpose
of the NFR is to ensure the effective functioning of the internal market
while providing a high level of protection of human health and con-
sumers’ interests. However, the promotion of innovation and sustain-
ability can be considered an implicit objective of the NFR (Monaco and
Purnhagen, 2022), as highlighted in Recital 29 of the NFR: “New tech-
nologies and innovations in food production should be encouraged as they
could reduce the environmental impact of food production, enhance food
security and bring benefits to consumers as long as the high level of consumer
protection is ensured”.

This paper presents the first systematic analysis of the impact of the
NFR on the cellular agriculture innovation system. It employs an orig-
inal analytical framework, that combines approaches from innovation
research and legal sciences. It triangulates legal analysis with stake-
holders’ perceptions gathered through EFSA’s stakeholder consulta-
tions, own qualitative interviews and an original survey.

It thus makes a substantive contribution to the literature on food
innovation and its role in the food system transformation, as well as a
conceptual contribution to the literature on innovation systems and
legal disruption. It makes original proposals on how regulation could

unshackle the potential of cellular agriculture for the transformation of
food systems, notably by proposing the creation of “regulatory sand-
boxes” for ex officio and self-assessment.

2. Theoretical framework

Regulation is a major factor for the development of many in-
novations, especially in the context of sustainability transformations
(Becher, 2024; Dries, 2019; Haggard et al., 2008). At the same time,
innovation can have major effects on regulation, for example when a
technology introduces new risks or alters the socio-technical configu-
rations within a sector (Cortez, 2014). A “mismatch” between regulatory
interventions and the actual risks posed by a technology may lead to
persistent non-compliance and paradoxical effects (Guha et al., 2023)

Assessing the impact of regulation on innovation systems requires a
multidisciplinary effort that includes an empirical perspective. Legal
research often lacks this empirical perspective and fails to capture the
complex effects of regulation on innovation systems (Grinblat, 2021;
Reinhardt, 2023). Innovation systems analysis, on the other hand, can
be blind to the concrete regulatory trajectories and institutional re-
alities, leading to broad and generic policy recommendations (Bening
et al., 2015).

For our analysis, we developed an original analytical framework,
that combines insights from legal science and innovation systems
research. This framework, which we name Regulatory Analysis of
Innovation Systems (RAIS), captures both a “static” perspective, i.e. the
immediate impact of the regulatory framework on the innovation sys-
tem, as well as a “dynamic” perspective, i.e. impact of innovation on the
regulatory framework and the potential legal disruption. We believe,
that the RAIS can provide a helpful tool also for analyzing the role of
regulation in other areas (Fig. 1).

2.1. Static perspective – regulatory impact on the innovation system

In the short run, any innovation process occurs within a set regula-
tory framework. Starting from Schumpeter, evolutionary economics has
shown the complexity and non-linearity of the innovation process,
which is characterized by a co-evolution of knowledge, organizational
structures and institutions (Autio et al., 2014). It is a central insight of
innovation research, that the development and diffusion of innovation
must therefore be analyzed in a systemic manner. The Technological
Innovation Systems (TIS)-framework proposed by Bergek et al. (2008)
offers an easily accessible heuristic frame of analysis. It has become a
major building block of sustainability transition research (Bergek et al.,
2015; Köhler et al., 2019), and has been applied in various contexts,
including those in the agri-food sector, at various scales.

The focus of the TIS framework lies on the functionality of innova-
tion systems, not their configuration. At its core, it proposes a systematic
analysis of seven “functional dynamics”, i.e. seven processes that are
seen as essential for the system’s performance: Knowledge Development
and Diffusion, Guidance of Search, Entrepreneurial Experimentation, Market
Formation, Legitimation, Resource Mobilization and Development of Positive
Externalities.

In the RAIS framework, the TIS-functions provide the basis for a fine-
grained analysis of the regulatory impact on the innovation system. We
identify key salient features of the novel food framework to assess the
impact of each feature on the seven functions described in the TIS-
framework. This assessment encompasses any relevant legal sources,
including European and national case law, “soft law” and legal literature
as well as stakeholder perspectives gathered through qualitative in-
terviews and a quantitative survey.

2.2. Dynamic perspective – innovation’s impact on regulation and legal
disruption

Whilst the TIS-analysis allows for a comprehensive and thorough
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analysis of the impact of a given regulatory framework on the innovation
system, it does not capture the dynamic co-evolution process of inno-
vation and institutions, that is characteristic of innovation system
development. It is clear, that regulatory frameworks correspond to
established practices at a given point in time and do not foresee all new
developments (Cortez, 2014). Innovation-friendliness is just one of
several paradigms of risk regulation, besides for example precaution or
democratization (Eisenberger, 2016). “Institutional alignment” there-
fore constitutes a typical challenge in the early phase of innovation
system development (Bergek et al., 2008).

From a dynamic perspective, innovation leads to various degrees of
legal disruption (Purnhagen, 2021; Twigg-Flesner, 2016): no disruption,
if a regulatory framework is fit to accommodate an innovation; minor
disruption, where key features of a regulatory framework stay the same,
but some rules have to be adapted by functionally equivalent ones; and
major disruption, where a totally new set of rules has to be created.

In the RAIS framework, we propose three main elements that
determine the degree of legal disruption:
Regulatory adjustment: Depending on various parameters, regu-

lation may adapt to new technological realities. This may happen
through evolutionary administrative and judicial interpretation and/or
through more-or-less flexible legislative changes. The responsiveness of
the institutional structures behind the regulation plays a large role in

that respect.
Private sector adaptation: To achieve a better institutional align-

ment, private sector actors have to build the capacity to articulate their
concerns (Bergek 2008). At the same time, private actors may seek to
evade regulatory obstacles, e.g. through alternative legal constructions,
moving operations to other jurisdictions or other circumvention tactics.
Technological alignment: Depending on the concrete attributes of

an innovation and the socio-technical configurations, the innovation
may still generally fit within the regulatory framework (for example, if
an innovation only entails different business models). Technology may
also help private actors to better align with their regulatory obligations.

3. Materials and methods

3.1. Legal analysis

In Table 1 we describe the salient features of the novel food frame-
work that guide our RAIS of the cellular agriculture innovation system.

For each of these salient features, we analyze the impact on the
various functions of the cellular agriculture innovation system, as pro-
posed in the TIS framework. We include all available legal sources, i.e.
court cases, but also guidance documents and literature in legal journals
and commentaries, as well as public information on novel food

Fig. 1. Elements and sequence of the RAIS analysis.

Table 1
Salient features of the NFR.

Novel Food Definition Art. 3(2)(a) NFR The novel food definition defines the scope of application of the NFR. It includes food that was not consumed to a significant degree
within the Union before 15th May 1997 and that falls under one of the ten novel food categories.

Authorization conditions Art. 7 NFR Novel foods can be authorized if they are safe, if their intended use does not mislead the consumers, especially when they replace other
foods and there is a significant change in nutritional value, and if the novel foods do not differ from those foods in a way that normal
consumption would be nutritionally disadvantageous for the consumers.

Authorization procedure Artt. 10–13
NFR

The authorization procedure, divided into a risk assessment and a risk management procedure is meant to ascertain that the approval
criteria are met, based on scientific data provided by the applicant. The EFSA is the gatekeeper in the risk assessment, while risk
management lies in the hands of political authorities, which make a final decision on the authorization.

Data protection Artt. 26–27 NFR Authorizations under the NFR are in principle generic, but, upon request by the applicant, data protection can be granted on proprietary
scientific studies that were considered critical for the good outcome of the authorization. Such data cannot be used for the benefit of a
subsequent application for a non-renewable period of five years. This practically results in an exclusive right of the applicant to place the
product on the market for five years, unless other companies obtain their own authorization presenting their own proprietary data.

Transparency / Information
dissemination

Different instruments serve to disseminate information on novel foods. EFSA’s scientific opinions are always made public; consultation
procedures conducted by member states’ competent authorities over novel food status of products are also publicly available; approved
novel foods are listed in the Union List of Novel Foods.

Traditional foods from third countries
Art. 14 NFR

A novel food can be approved through a simplified notification procedure, when a history of safe food use of at least 25 years can be
demonstrated in a third country, the novel food is derived from primary production and it does not fall under the novel food categories
(i), (iii), (vii), (viii), (ix) and (x).

Post-Market Monitoring Art. 24 NFR The NFR does not prescribe general post-market monitoring of novel foods. The Commission may impose post-market monitoring
requirements for food safety reasons, taking into account the opinion of the EFSA.

Other relevant rules Apart from the NFR, other regulatory provisions and political initiatives may influence the innovation system for cellular agriculture, in
particular rules on subsidies and labelling.
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authorization procedures. (Table 2, Table 3)
As of December 2024, five products of cell culture from plant cells

have been authorized as novel foods in the EU, all of them to be used in
food supplements. Nine novel foods produced via precision fermentation
have been approved and included in the Union List of Authorised Novel
Foods. No authorization for dairy proteins through precision fermenta-
tion or cell-basedmeat has been granted yet. A first application for a cell-
based meat product has been submitted by the company Gourmey in
July 2024 and is currently in the evaluation phase (Good Food Institute,
2024). A second application concernng a cultivated fat was submitted by
Mosa Meat in January 2025 (Mosa Meat, 2025).

3.2. Stakeholder perceptions

In a second step, we triangulate the legal analysis with stakeholder
perceptions. We use qualitative data and quantitative data from an
original survey conducted as part of this project.

3.2.1. Qualitative data
Qualitative data was drawn from the official report on the EFSA’s

Colloquium on “Cell culture-derived foods and food ingredients” in May
2023 (EFSA, 2024a) as well as from the published statements made by
industry representatives in the subsequent ad-hoc meeting in October
2023 (EFSA, 2023). Both events explicitly aimed to collect stakeholder
perspectives on how novel foods produced via cell tissue cultivation and
precision fermentation should be assessed by the EFSA, and resulted in
new indications for the preparation of dossiers concerning these prod-
ucts being included in the new Guidancefor Novel Food Application
published in September 2024 (EFSA, 2024b).

We also consider interviews with stakeholders conducted in various
research projects concerning the NFR between 2020 and 2024. Alto-
gether, thirty-one qualitative interviews were taken into consideration.
Sixteen interviews were conducted to assess the regulatory framework
applicable to products obtained through mycelium fermentation, seven
interviews concerned dairy alternatives produced through precision
fermentation, and five interviews focused on insect-based novel foods.
Finally, three interviews with stakeholders active in the field were
specifically conducted to discuss the quantitative survey conducted as
part of this research project.

3.2.2. Quantitative data
Insights from the qualitative interviews and the results of the

doctrinal legal analysis were used to develop a survey entitled “Inno-
vation and the Novel Food Regulation”, distributed among stakeholders
in the EU novel food sector in June 2023. The aim of the survey was to

collect the perceptions on the NFR and the appreciation for potential
changes. The distribution of the survey was not limited to actors in the
cellular agriculture sector to avoid uncertainties about definitions and
get a broader picture from all stakeholders active in the EU novel food
sector.

The survey was distributed to five samples of stakeholders and then
enlarged through snowball technique. The survey was initially distrib-
uted to (1) all EU companies listed in the database of the Good Food
Institute, an organization globally active on the promotion of alternative
proteins, (2) members of the organization “Cellular Agriculture Europe”,
(3) all companies part of the IPIFF, the consortium of EU insects pro-
ducers, (4) to members of the Verband für Alternative Proteinquellen e.
V. and (5) to all companies and start-ups with whom we collaborated in
previous research projects.

The total number of participants was N=88. Most replies came from
representatives of start-ups (n=24), established companies (n=25) and
academia (n=17). Public authorities (n=6) and industry groups (n=3)
were also represented. Other participants can be broadly categorized as
consultants and experts in the sector (n=13). The respondents were
mainly active in Europe, and the larger group of respondents operated in
Germany (n=26). When asked to indicate the scope of their expertise,
n=41 referred to plant-based products, n=28 biomass fermentation,
n=23 insects, n=26 cell tissue cultivation and n=27 precision fermen-
tation. Most of the respondents have never been directly involved in an
authorization procedure in the EU (n=59).

4. Results

4.1. Legal analysis and qualitative interviews

Table 3 summarizes the results of the legal and qualitative analyses.

4.2. Survey results

The results from the legal and qualitative analysis were largely
confirmed by our original survey.

4.2.1. Stakeholders perception of the NFR
The survey investigated stakeholders’ perception of the NFR features

and the appreciation of some suggestions for potential changes devel-
oped throughout this research project.
Novel food definition: Uncertainty on the novel food status of

products is considered an issue by 54% of the participants that indicated
“cell tissue cultivation” and “precision fermentation” among their main
areas of expertise. This percentage is even higher than for all partici-
pants, of which 46.5 % were concerned about uncertainty on the status.
Conditions for authorization: 69.3% of the respondents strongly

agree or agree that the novel food authorization procedure increases the
Legitimation of innovative food products. Most respondents to the survey
(67%) believe that potential sustainability benefits should be considered
in the authorization procedure.
Authorization procedure: Respondents consider the costs and the

duration of the procedure as the major obstacle to placing novel foods on
the market (Fig. 2).

The great majority of participants (70.4%) expressed concerns over
excessive political interference, with no significant differences between
participants who had participated in the procedure and participants who
did not (Fig. 3).
Data protection: The perception of the data protection clause and

the subsequent exclusivity period is fragmented among respondents.
Whilst 22.7% of the respondents consider it “valuable”, and 18.2% “very
valuable”, 25% have a neutral opinion, 9.1% consider it as “non-valu-
able” and 11.4% as “no valuable at all”. Notably, participants working
for established companies valued the data protection clause more
positively than start-uppers (Figs. 4 and 5).

Survey participants had the opportunity to comment on specific

Table 2
Products of cell cultures and precision fermentation authorized as novel foods in
the EU.

Products of precision fermentation Products of cell cultures

L-Alanyl-L-Glutamine Ajuga reptans extract from
cell cultures

Ice Structuring Protein type III HPLC 12 Dried extract of Lippia
citriodora

3′-Sialyllactose (3′-SL) sodium salt Echinacea angustifolia
extract

(microbial source) Echinacea purpurea extract
Lacto-N-tetraose (‘LNT’) (microbial source) Apple fruit cell culture

biomass
Lacto-N-tetraose (‘LNT’) (produced by derivative
strains of E. coli BL21(DE3))

​

2′-Fucosyllactose/Difucosyllactose mixture (‘2′-FL/
DFL’) (microbial source)

​

3-Fucosyllactose (‘3-FL’) (produced by a derivative
strain of E. coli BL21(DE3))

​

3-Fucosyllactose (3-FL) (microbial source) ​
3-Fucosyllactose (‘3-FL’) (produced by a derivative
strain of E. coli BL21(DE3))

​
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Table 3
RAIS analysis.

Salient feature Legal Analysis: Impact on Innovation System

Definition
Article 3(2)(a) NFR

The novel food status of a product is normally clarified through national consultation
procedures, which vary considerably between member states (Molitorisová et al.,
2021; Niewalda, 2023). The results of the consultations are collected in the Novel
Food Catalogue. The novel food status of a food can be contentious and has been
subject of judicial procedures at EU (CJEU, 2023; 2016; 2020) and national level (
Sosnitza and Meisterernst, 2023).
For cellular agriculture products uncertainty may arise when genome modification
techniques are applied during the production process (e.g. ingredients produced
using modified microorganisms), potentially leading to their categorization as
genetically modified organisms (Lensch et al., 2022; Ronchetti et al., 2024).
The novel food category (vii) covering new production processes may act as a
catch-all provision (CJEU, 2009) and thus introduce considerable uncertainty for
technological developments in the production process (Grube et al., 2015;
Kostenzer, 2021).

Negative effect on Entrepreneurial Experimentation, Resource
Mobilization caused by uncertainty.
Indirect effect on Guidance of Search, as actors may turn to
solutions that do not fall under the NFR.

Authorization
Conditions

The authorization confirms that the novel food does not pose safety risks for human
health, that it is not nutritionally disadvantageous for consumers compared with a
food it intends to replace, and that it is not misleading.
The criteria for approval do not evaluate any benefits that the novel food might bring
e.g. in terms of sustainability.

Positive effect on Legitimation and, subsequently, Market
Formation.

Authorization
procedure

Whilst by law, the procedure should be finished in 17 months, on average it lasts
more than three years (Kostenzer, 2021; Grimsby, 2020; Varacca et al., 2024), as the
stop-the-clock clause (article 22 NFR) is used regularly by EFSA to require additional
information from the applicants. This poses particular problems for start-ups that
have to meet milestones set by investors (Cellular Agriculture Europe, 2023).
Notification obligations for studies pose additional risks for delays (Torre, 2023).
Details on the preparation of the dossier are defined in the EFSA’s Guidance for
Novel Foods application, which has been updated in September 2024 (EFSA, 2024b).
The new guideline includes specific instructions on the preparation of dossiers
concerning cellular agricultural products.
The authorization procedure for novel foods accommodates the obligations set by
Regulation (EU) No 1381/2019 on the transparency and sustainability of the EU risk
assessment in the food chain. According to this Regulation, the EFSA cannot discuss
in advance the specifics of applications or comment on the proposed study design but
only answer questions on the published guidelines and provide general advice.
General advice, however, is often not enough for innovators (Torre, 2023), especially
for new technologies such as cellular agriculture (EuropaBio, 2023). Additionally,
Regulation (EU) No 1381/2019 introduced an obligation to notify studies included
in the dossier before they are conducted.
The final decision on authorization is taken by the PAFF committee and it is political.
So far, no novel food has been rejected by the PAFF committee, but procedures have
been significantly delayed (Verzijden and Buijs, 2020). Procedural requirements are
even stricter than in the regulation of Genetically Modified Organisms (GMOs) (
Verzijden and Buijs, 2020). GMOs cases show a real risk of political rejection despite
positive risk assessment (Davison and Ammann, 2017).
Applicants have limited possibilities to challenge the EFSA assessment or the
Commission decision (Kostenzer, 2021).

Negative effect on Entrepreneurial Experimentation and Resource
Mobilization.

Data protection Data protection is almost always granted when requested by applicants. Whilst
exclusivity may constitute an incentive for innovators (Grimsby, 2020), its true
benefits are debatable due to the limited duration of 5 years and the possibility for
competitors to apply for the same product (Holle, 2018; Monaco, 2023). Exclusivity
may slow down the development of specific novel foods’ subsectors and delay the
publication of important scientific results (Holle, 2018, 2014; Monaco, 2023;
Simpson, 2016).

Positive effect on Resource Mobilization for the beneficiaries,
negative effect on Knowledge Development and Diffusion, Market
Formation and potentially Legitimation.

Transparency /
Information
dissemination

The characteristics of the novel food, its conditions of use and specific labelling
requirements are specified in the Union List of Authorised Novel Foods.
All scientific opinions of EFSA are published in the EFSA journal.
The Novel Food Catalogue (European Commission, 2023a) is regularly updated with
the results of the consultations on the novel food status of products at the member
states level.

Positive effect on Knowledge Development and Diffusion and
Development of Positive Externalities.

Traditional food
categories

The traditional food category requires a demonstrated use of at least 25 years and
thus does not affect cellular agriculture products.

No effect

Post-Market
Monitoring

Specific labelling requirements can cause minor inconvenience as they do not allow
for inclusion of IP-protected terms (Ballke, 2019). Unlike for GMOs, there are no
general additional labelling or traceability requirement for novel food. There are no
general obligations for post-market monitoring of novel foods.

Positive effect for Market Formation and Legitimation

Other relevant rules Cellular agriculture does not receive funding under the Common Agricultural Policy
or research funding under EIP-AGRI.
The opportunity to use meat and dairy denominations when labelling products of
cellular agriculture may contribute to their widespread adoption (Seehafer and
Bartels, 2019). In the EU, the use of dairy-like denominations is reserved for animal
products, as established by case C‑422/16 (CJEU, 2017). This restriction would
novel foods obtained through precision fermentation (Bánáti, 2020; Domke, 2018;
Ronchetti et al., 2024).
The use of meat-like denominations is not regulated at EU level (Bánáti, 2020;

Negative effect Resource Mobilization
Negative effects on Market Formation

(continued on next page)
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issues with regard to data protection. Respondents highlighted that the
duration of the protection does not reflect the length and costs of the
procedure and how the clause essentially leads to the duplication of
invested resources by other companies, cutting off small-size companies
and slowing down the adoption of innovations like cell-based meat or
precision fermentation: “5 years isn’t very long given how long it takes a

company to prepare safety data”, “(….) forces the applicant to repeat an
additional approval process for an already approved food, resulting in wasted
time and money”, “It is restrictive for the whole space, because it means only
initiatives with substantial funding can access the market”, “Slowing down
acceptance of general public in novel foods”.

4.2.2. Potential improvements of the NFR
To better understand the key pressure points and develop proposals

for improvement, survey participants also assessed potential changes to
the NFR framework and were briefly asked about their perception of
other jurisdictions.

The majority of respondents would welcome the opportunity to
discuss the dossier with the EFSA staff before submission (81% of the
total number of participants, and 89% of the respondents who have
direct experience with a novel food authorization procedure).

A possibility to organize non-commercial tastings would be greatly
appreciated (70.4% positive evaluations) by stakeholders. Currently,
there are no EU-wide guidelines on how to organize tastings of non-
approved novel foods. Only the Dutch competent authority has
released guidelines for the non-commercial tastings of products of tissue
cultivation (Rijksoverheid, 2023).

A hypothetical opportunity to place a novel food on the market
before receiving the final authorization, with appropriate warning signs
and limitations, was appreciated by 48.8% of the participants. The
introduction of a mandatory licensing mechanism for novel foods
covered by data protection has received positive evaluations only from a
minority (45%) of participants (Fig. 6).

Respondents also had the opportunity to suggest mechanisms to
foster innovation under the novel food framework. The suggestions
focused again on pre-submission consultation with the EFSA (“pre-sub-
mission dialogue with EFSA”, “The Commission should formalise an avenue
for companies to open substantive dialogue with EFSA prior to safety dossier
submission”), on the possibility to amend the specifics of the authoriza-
tions to reflect the technological advancements (“EFSA should ensure the
authorisation process includes routes for safety dossiers to be amended to
reflect technological progression and innovation in product development”)
and on the creation of databases of pre-approved substances.

Finally, when asked to evaluate jurisdictions other than the EU and
their ability to favour innovation, 68% of the respondents agreed that
other countries have more innovators-friendly frameworks in place,

Fig. 2. Challenges under the NFR
In your opinion, how challenging are the following aspects of the Novel Foods authorization procedure? Rate them from no challenging at all (1) to very chal-
lenging (5).

Fig. 3. Political interference in the authorization procedure
Do you agree with the following statement? "I am afraid of excessive political
interference in the authorization procedure of novel foods".

Fig. 4. Do you think that the data protection clause is a valuable tool to pro-
mote innovation in the EU? Rate it from 1 (no valuable at all) to 5
(very valuable).

Table 3 (continued )

Salient feature Legal Analysis: Impact on Innovation System

European Parliament, 2021), but is subject to national restrictions, e.g. in France (
Décret n◦ 2024-144, 2024), Italy (Legge n. 172/2023) and Germany (Leitsätze der
Deutscher Lebensmittelbuch-Kommissionvom 10 2024). In October 2024, the Court
of Justice of the European Union clarified that member states must not simply
prohibit the use of meat-like denominations for plant-based products. However,
Member States may positively define names for food products (CJEU, 2024).
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while 27% stated that they do not have the experience to make such a
claim. Only n=4 considered the EU not worse than other jurisdictions,
n=2 of which have been involved in an EU authorization procedure.
When asked to comment on their answers, respondents explained that
they appreciate other frameworks like Singapore for their pre-
submission consultations and risk-benefit approach.

5. Discussion

Our analysis shows negative and positive impacts of the NFR on the
development of the cellular agriculture innovation system.

Negative impacts concern the Entrepreneurial Experimentation, Market
Formation and Resource Mobilization functions. They are mainly related
to the length of the authorization procedure and difficulties in
communication with the EFSA.

Positive impacts mainly concern Legitimation provided by the
rigorous and comprehensive authorization process. Overcoming neo-
phobia seems crucial for food innovations, as consumer studies show
strong biases against novel foods (Bryant and Barnett, 2018; Ledes-
ma-Chaves et al., 2024; Monaco et al., 2024; Siegrist and Hartmann,
2020) and trust in food safety authorities is a key factor to overcome
them (Muiruri and Rickertsen, 2024). The positive effect of the NFR
authorization on Legitimation can be even stronger than for Genetically
Modified Organisms (GMOs), as no subsequent labelling is required for
novel foods.

Legitimation as well as Knowledge Development and Diffusion are also
supported by the transparency of the NFR. The scientific opinions of the
EFSA and the specifics of the authorization are made publicly available.

Data protection, conceived to support innovation, elicits mixed re-
actions from stakeholders, matching previous doubts about its effec-
tiveness in the legal literature (Holle, 2018, 2014; Monaco, 2023;
Simpson, 2016).

The NFR does not actively guide the search process of the innovation
system, for example by recognizing sustainability benefits. However, the
complex authorization procedure might discourage some stakeholders
from pursuing technologies that require novel food approval (Varacca
et al., 2024).

The survey results also point to potential improvements of the NFR.
Interestingly, relatively minor changes to the framework received the
highest approval. In particular, stakeholders would welcome rules that
facilitate non-commercial tastings and the opportunity to consult with
EFSA prior to submitting an application. Many stakeholders think that
regulatory frameworks in other countries are more innovation-friendly
and that sustainability benefits should be considered in the authoriza-
tion procedure.

In the following, we discuss our results with a view to the dynamic
evolution of regulation and the potential for legal disruption (Section
5.1). This leads us to a consideration of sustainability aspects of cellular
agriculture in the broader context of food system transformation
(Section 5.2). We argue that a reform of the NFR is not only advisable
from a scientific point of view, but normatively required (Section 5.3).
Regulatory sandboxing could provide a way to address many concerns.

5.1. Potential for legal disruption

At the current stage of development of cellular agriculture, major

Fig. 5. Differences between established companies and start-ups in the perception of data protection.

Fig. 6. Appreciation for potential amendments to the NFR.
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challenges still concern the technological development and the scale-up
(Broucke et al., 2023; Santos et al., 2023). However, production costs for
cell-based meat are decreasing (McKinsey & Company, 2023) and some
projections already see potential market niches (Garrison et al., 2022).
Thus, the suitability of the NFR for cellular agriculture might soon be
tested at a greater scale.

It is clear, that any regulatory framework corresponds to the status
quo of technology at a given point in time and does not necessarily “fit”
all future technological advancements (de Boer and Bast, 2018; John-
son, 2021). Institutional alignment is a typical challenge for innovation
system development, especially at an early stage. In the RAIS frame-
work, we identify threemain factors that influence the potential for legal
disruption (cf. Section 2): regulatory adjustment, private sector adap-
tation and technological alignment.

Regulatory adjustment has already started. Following various
stakeholder consultations, the EFSA has published a revised guidance for
novel food applications, which contains specific provisions for products
of cellular agriculture (EFSA, 2024b). Political initiatives are taken by
individual member states, notably the Dutch rules on non-commercial
tastings (Rijksoverheid, 2023). Even the action of hostile governments,
such as in the case of the Italian ban, can be seen as a process of regu-
latory adaptation which can serve to enlarge the debate and ultimately
favour the creation of ad-hoc, Europe-wide initiatives.

The private sector is building up capacities to articulate political
demands through global and regional organizations, such as the Good
Food Institute, Cellular Agriculture Europe or Food Fermentation
Europe in the EU or the APAC Regulatory Coordination Forum in Asia.
These organizations provide regulatory advice to their members and
articulate common concerns towards regulators. This capacity seems
essential, as the NFR framework - by design - does not allow for evasion
strategies. No novel food must be placed on the EU market without an
authorization, and there is no mutual recognition in place with other
jurisdictions. Whilst the knowledge and data generated in authorization
processes in US, Australia, Singapore, Israel and Switzerland may be
practically helpful for the EU NFR procedure, the international discus-
sion on harmonization of authorization standards in the Food and
Agriculture Organization (FAO) is only at an initial stage (FAO and
WHO, 2023).

As for technological alignment, an improved understanding on the
specific challenges can be expected as more and more products come to
market. Technological advances may also streamline authorization
procedures, for example by integrating AI tools in risk assessment (Fu
et al., 2023) or tissue culture models (Fytsilis et al., 2024). As most
cellular agriculture technologies aim to produce homogenous products
(cells or molecules), safety assessments may eventually become more
straightforward. The “one product – one authorization” approach of the
NFR, however, could provide an obstacle to the necessary incremental
innovation processes. Existing NFR authorizations such as the apple fruit
cell culture biomass (Commission Implementing Regulation (EU)
2023/2847) show a high degree of specificity, for example referring to
the specific apple variety used for deriving the cell lines, and other
specific aspects of the cultivation process. This raises the question if new
authorizations are required for any subsequent improvements of the
process. Already, the capacities of EFSA are seen as constrained
(EuropaBio, 2023). Examination ex officio by the EFSA of at least some of
these aspects was named as a potential improvement by stakeholders.

Regulatory adjustment, private sector adaptation and technological
alignment alleviate the pressure for legal disruption in the medium term.
Our survey confirms that most stakeholders do not put the robust NFR-
framework in question. The most immediate concerns for stakeholders,
namely length of procedure and communication with EFSA, could be
improved without major legislative changes.

The biggest potential for disruption arises from political element of
the NFR authorization. The current political discussion around cell-
based meat could create unfavorable changes for the sector. The case
of GMOs shows that EU and member states’ authorities eventually do

not authorize scientifically “safe” products because of political reasons
(Davison and Ammann, 2017; Mohorčich and Reese, 2019).

5.2. Sustainability

The current political debate on cellular agriculture in the EU con-
cerns potential safety risks, but also the broader societal implications of
cellular agriculture. It can be compared to other debates about
biotechnology, notably GMOs (Mohorčich and Reese, 2019). The Italian
ban of cellular agriculture, for example, is openly based on the pre-
cautionary principle to avoid potential safety risks but also a preference
for natural solutions, traditional agriculture and local gastronomic
heritage (Legge n. 172/2023: Article 1).

Scientific literature points to significant potential environmental and
animal welfare benefits of cellular agriculture that could make it an
important element of the food system transformation (Bhat et al., 2015;
Davis et al., 2024; Kumar et al., 2021; Newman et al., 2024; Post et al.,
2020). Whilst many technical challenges remain unsolved (Chriki and
Hocquette, 2020), cell-based meat and dairy proteins produced via
precision fermentation could significantly reduce problems related to
animal production. (Fesenfeld et al., 2023). Beyond proteins, other
molecules such as oils or sugar may be produced in more efficient
pathways (Davis et al., 2024). Cellular agriculture could also play a role
in the production of ingredients with high nutritional value or comple-
ment traditional agricultural to improve its resilience (Soice and John-
ston, 2021). An innovation friendly NFR may also be important for
technologies, such as algae (Severo et al., 2024) and products based on
waste from the agri-food industry (Martuscelli et al., 2023).

Regulation must also consider potential risks of cellular agriculture.
Innovation research increasingly scrutinizes the prevailing “innovation
bias”, i.e the framing of major policy challenges as innovation challenges
(Pfotenhauer et al., 2019), and asks for policies that lead to “better”
innovation (Pfotenhauer, 2023). Cellular agriculture could replicate
sourcing patterns of animal agriculture, reinforce existing power
asymmetries in the food system and does not contribute to a change in
dietary habits (Gruber, 2022; Holmes et al., 2022; Howard, 2022).
Previous predictions of biotechnology’s contribution to sustainability
have shown to be questionable and the proposed solutions raise ques-
tions about technological control and their effects on vulnerable groups
(Fischer and Rock, 2023). These considerations also matter from a
business point of view. Consumer studies suggest, that sustainability
benefits will be key for marketing cellular agriculture products (Lanz
et al., 2024), but consumers are aware of potential negative aspects in
this regard (Kühl et al., 2024).

Our analysis shows that the NFR does not actively guide the inno-
vation system’s search process. This is consistent with the NFR’s primary
focus on safety, consumer information and the Common Market. An
inclusion of sustainability criteria in the safety approval for novel foods
seems premature and would entail further hurdles for the Entrepreneurial
Experimentation that is necessary to identify viable solutions. Food safety
is only a necessary but not sufficient condition for sustainable innova-
tion. The current paradigm of food safety can be described as “myopic”
as it does not consider environmental or public health effects of products
(Pollans and Leib, 2019). Further regulation must set incentives for
sustainable and healthy solutions and address the questions of techno-
logical control and societal implications of cellular agriculture.

The NFR’s key role lies in legitimizing food innovation and providing
transparency to avoid distrust and monopoly dynamics. This may
require a more nuanced approach to data protection. Whilst exclusivity
can be an important incentive in competitive environments (Grimsby,
2020), an open innovation approach that incentivizes cooperation and
transparency may be more appropriate, given the fundamental societal
implications and huge technological challenges of cellular agriculture
(Dabic et al., 2022; de Amstalden, 2024; Holmes et al., 2022).
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5.3. Normative considerations

Given the universally acknowledged urgency of food system trans-
formation, the innovation-friendliness of the NFR may also be framed as
a normative problem. Is the approach of the NFR consistent with
fundamental constitutional principles of the EU?

Like any other intervention, the rules of the NFR must be measured
against the fundamental freedoms and the principle of non-
discrimination of EU primary law. The scope of the NFR has been crit-
icized for being overinclusive and discretionary: the novel food defini-
tion is based on the arbitrary date of its first adoption in 1997 and was
not revised when the NFR was reformed in 2015 (Holle, 2018). The lack
of scientific rationale was even acknowledged at the political level
(European Parliament, 2014). The risk factors that trigger the applica-
tion of the legislation, namely novelty and unnaturalness (Monaco and
Purnhagen, 2022), are not based on scientific evidence but rather mimic
consumers’ biases regarding novel foods (Monaco et al., 2024).

Interventions in fundamental freedoms must be justified and pro-
portionate (Zarbà et al., 2020). In recent years, the existence of an
“innovation principle” in EU primary law has become subject of the
scientific legal debate: the European Commission has operationalized
this principle through check-lists and design suggestions in its Better
Regulation Toolbox, last updated in 2023 (European Commission,
2023b). Legal scholarship has raised questions about its compatibility
with other fundamental principles of the European legal order, notably
democracy (Ducuing, 2022), sustainable development (Reins and
Ala-Lahti, 2024) and the precautionary principle (Garnett et al., 2018).
Beyond this dogmatic debate, however, there is consensus that the
precautionary principle can only justify restrictions in case of scientific
uncertainty and to prevent health-related or environmental risks. Its
application must not only consider the risks of a new technology, but
also the risks of not allowing it. Precautionary and innovation principle
thus apply simultaneously to guide risk-risk trade-offs in the urgent and
dynamic context of the climate change (Callies 2021). The existing food
system causes real, and not just hypothetical, damage to environmental
integrity and public health that must be weighed against the risks and
potentials of emerging technologies such as cellular agriculture.

The NFR may also be challenged from a WTO law perspective
(Downes, 2013; Hermann, 2009; Zarbà et al., 2023; Zarbà et al., 2024).
It can create barriers for products whose safety have already been
established in other WTO member states. In fact, the facilitated pro-
cedure applicable to traditional foods from third countries in Art. 14
NFR is a result of a dispute under WTO between the EU and Peru
(Pisanello and Caruso, 2018; Scaffardi, 2022;World Trade Organization,
2006). In particular, the validity of data protection may be questioned,
as imports of counterfeit or generic products could not be blocked for
safety reasons if the Commission has positively confirmed the safety of a
product for the EU market. Notably, data protection is not a recognized
as an Intellectual Property right under the WTO’s TRIPS agreement.

It is of course speculative, if and how actors in the cellular agriculture
sector would actually raise normative claims against the NFR before the
ECJ or in the (currently dysfunctional) WTO dispute settlement mech-
anism. Still, a reform of the NFR would alleviate the likelihood of dis-
putes: in particular, the fast-track recognition procedure for traditional
products from third countries could be extended to other novel food
categories.

6. Conclusion

Until recently, the NFR was of limited general political relevance.
Most authorizations did not raise public attention. The situation has
changed with the dynamic development of technologies such as cellular
agriculture, and the increased political attention for food system sus-
tainability. The NFR may thus become a focal point in the broader dis-
cussion on policies to accelerate the food system transformation.

Overall, the NFR provides a robust framework for the development of

the cellular agriculture innovation system. The Legitimation conveyed by
the authorization seems essential for disruptive food innovations such as
cell-basedmeat. Still, the rigidity and length of the authorization process
negatively affects Entrepreneurial Experimentation and Market Formation
in the innovation system. The “elephant in the room” is the political
element of the authorization procedure. A political backlash affecting
approvals of products of cellular agriculture could threaten the sector’s
current dynamic development.

To respond to innovation and sustainability challenges of cellular
agriculture, the EU lawmaker could consider the implementation of
experimental regulation. Experimental regulation is named as a key
approach for innovation-friendly regulation in the EU’s Better Regula-
tion Toolbox (European Commission, 2023b). It can be considered as the
regulatory counterpart of the “living labs” approach that has become a
key element of contemporary research policy. Regulatory sandboxes
have become a key feature of regulation in other dynamic fields, such as
finance, energy (European Commission, 2023c, 2023d) and, most
recently, artificial intelligence (OECD, 2023). Various member states,
such as Germany, are in the process of creating dedicated legal frame-
works for experimental regulation, and regulatory sandboxing is at the
heart of the UK’s new National Vision for Engineering Biology
(Department for Science, Innovation & Technology, 2023). Even the
Italian government, whose negative stance on cellular agriculture has
been extensively referred to throughout this paper, has recently allowed
field trials for plants obtained through new genomic techniques (Defez
et al. 2024).

A key element of regulatory sandboxes is the collaborative set-up in
which the regulator and stakeholders together seek to design rules that
lower regulatory barriers for testing technologies, while ensuring con-
sumer safety (Ranchordas, 2021). Regulatory sandboxes could integrate
some of the “low-hanging fruit” for NFR improvement identified in our
survey, namely:

- Possibilities for pre-submission consultation with EFSA
- A fast-track procedure for recognizing third-country approvals
- Possibilities for non-commercial tastings und clearly defined
conditions

Tastings seem particularly important, as consumer studies suggest,
that they can boost the acceptance of cellular agriculture (Chong et al.,
2024; Min et al., 2024; Tsvakirai et al., 2024).

In our opinion, experimental regulation could also concern the risk
assessment process itself. Food innovation requires innovation in food
safety assessment (Fytsilis et al., 2024). A regulatory sandbox could for
example draw inspiration from the Generally Recognized As Safe
(GRAS) self-determination for food additives in the US. In this proced-
ure, innovative companies themselves conduct the risk assessment and
may subsequently submit it to a review by the federal authority
(Frestedt, 2018). Such a cooperative approach would allow the activa-
tion of know-how from the private sector and align with the general
public-private approach of European food law (Purnhagen and
Molitorisová, 2022).

Practical application of the self-affirmed GRAS in the US is subject to
criticism, due to and a high number of “secret GRAS” products on the
market and a lack of effective oversight (Faustman et al., 2021). Such
concerns could be addressed by combining self-determination with
stringent notification and surveillance obligations. Member states and
EU can build on an established, strong, IT-enhanced cooperation in food
safety (Molitorisová et al., 2022).

At the same time, sandboxing might also allow a more proactive role
of the EFSA, for example by creating databases of authorized growth
media of cells for food uses, taking inspiration from the Qualified Pre-
sumption of Safety (QPS) status granted to certain biological agents by
the EFSA Panel on Biological Hazards (EFSA, 2022). The creation of such
lists has been proposed in other jurisdictions by industry groups and
stakeholders (Cellular Agriculture Australia, 2024)
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Finally, regulatory sandboxes may also help to address the concerns
regarding sustainability, control and societal implications of cellular
agriculture, for example by setting adequate rules for data protection
and transparency. It is clear, that experimental regulation in the area of
public health can be critical and may also jeopardize public trust
(Sherkow, 2022). However, considerable know-how on the design of
sandboxes has been built up in recent years (Beckstedde et al., 2023).
Well-designed sandboxes can open the impact of a technology for dis-
cussion and democratic control that can increase the legitimacy and
effectiveness of regulation (Ranchordas, 2021). This would allow the EU
to follow-up on its regulatory approach to other disruptive technologies
such as AI, namely to set clear incentives for domestic innovation
without giving up on a “rights-driven model” of technology regulation
(Bradford, 2024). As in other areas of EU law, the concrete design of the
sandboxes could also be left to member states, depending on their
appetite for food innovation. The “competition between legal orders” to
find the most adequate solutions, has been a key pillar for EU law since
the beginning (Reich, 1992). It may be of renewed relevance in current
times, where sustainability considerations increasingly challenge the
paradigm of common market.

Of course, a more experimental and adaptive NFR alone is not suf-
ficient to promote sustainable innovation and must be complemented by
regulatory efforts to ensure benefits for the environment and public
health, prevent monopolies and address societal implications. Concrete
sandboxes, however, could initialize a more informed discussion on
these issue by allowing real-life experience.

In the long run, a constitutional approach to food systems regulation
may be warranted. This implies more clarity about the general values
and governance mechanisms of the food systems transformation beyond
individual technological solutions. The Sustainable Food Systems
Framework promised in Annex 1 of the Farm-to-Fork Strategy
(European Commission, 2021) might eventually provide such a clarifi-
cation, but no proposal has been released so far.

Further research should concern a comparative analysis of regula-
tory developments in other countries, including emerging players like
India and Korea, which have recently announced plans to regulate
cellular agriculture. More research is also needed on relevant de-
velopments beyond food safety, for example questions related to intel-
lectual property rights, and on the experiences derived from the
implementation of regulatory sandboxes in the biotechnology sector.
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Ministre de l’Agriculture et de l’Alimentation, ECLI:EU:C:2020:769.

CJEU, 2023. C-141/22 - TLL the Longevity Labs v Optimize Health Solutions mi GmbH,
BM, ECLI:EU:C:2023:428.

CJEU, 2024. C-438/23 - Protéines France and Others, ECLI:EU:C:2024:826.
Commission Implementing Regulation (EU) 2023/2847 of 20 December 2023

authorising the placing on the market of apple fruit cell culture biomass as a novel
food and amending Implementing Regulation (EU) 2017/2470, C/2023/8866, OJ L,
2023/2847.

Cortez, N., 2014. Regulating disruptive innovation. Berkeley Tech. L.J. 29, 175–228.
https://doi.org/10.2139/ssrn.2436065. Preprint available in SSRN.

T. Reinhardt and A. Monaco

https://doi.org/10.1016/j.tifs.2018.07.008
https://aleph-farms.com/journals/aleph-farms-granted-worlds-first-regulatory-approval-for-cultivated-beef/
https://aleph-farms.com/journals/aleph-farms-granted-worlds-first-regulatory-approval-for-cultivated-beef/
https://doi.org/10.1016/j.foodpol.2022.102376
https://doi.org/10.1016/j.foodpol.2022.102376
https://doi.org/10.1016/j.respol.2014.01.015
https://doi.org/10.1016/j.respol.2014.01.015
http://refhub.elsevier.com/S2666-8335(25)00037-1/sbref0005
http://refhub.elsevier.com/S2666-8335(25)00037-1/sbref0005
http://refhub.elsevier.com/S2666-8335(25)00037-1/sbref0005
http://refhub.elsevier.com/S2666-8335(25)00037-1/sbref0004
http://refhub.elsevier.com/S2666-8335(25)00037-1/sbref0004
https://doi.org/10.2139/ssrn.4386459
https://doi.org/10.1016/j.enpol.2023.113656
https://doi.org/10.1016/j.eist.2015.07.007
https://doi.org/10.1016/j.respol.2007.12.003
https://doi.org/10.1016/j.eist.2015.07.003
https://doi.org/10.1016/j.eist.2015.07.003
https://doi.org/10.1016/S2095-3119(14)60887-X
http://refhub.elsevier.com/S2666-8335(25)00037-1/sbref0012
http://refhub.elsevier.com/S2666-8335(25)00037-1/sbref0012
https://doi.org/10.1016/j.meatsci.2022.109006
https://doi.org/10.1016/j.meatsci.2022.109006
https://doi.org/10.1016/j.meatsci.2018.04.008
http://10.13140/RG.2.2.29473.83046
https://www.efsa.europa.eu/sites/default/files/2023-11/2-cellular-agriculture-europe-presentation-ad-hoc-meeting.pdf
https://www.efsa.europa.eu/sites/default/files/2023-11/2-cellular-agriculture-europe-presentation-ad-hoc-meeting.pdf
https://doi.org/10.1007/s10460-021-10237-7
https://doi.org/10.1016/j.fufo.2024.100326
https://doi.org/10.1016/j.fufo.2024.100326
https://doi.org/10.3389/fnut.2020.00007
https://doi.org/10.2139/ssrn.2436065


Future Foods 11 (2025) 100574

11

Note to Council: ‘The CAP’s role on safeguarding high-quality and primary farm-based
food production’, 5469/1/24 REV 1., 2024.
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Dabic, M., Hjortsø, C.N., Marzi, G., Vlačić, B., 2022. Guest editorial: open innovation in
the food industry: what we know, what we don’t know, what we need to know.
British Food Journal 124, 1777–1785. https://doi.org/10.1108/BFJ-06-2022-029.

Davis, S.J., Alexander, K., Moreno-Cruz, J., Hong, C., Shaner, M., Caldeira, K., McKay, I.,
2024. Food without agriculture. Nat. Sustain. 7, 90–95. https://doi.org/10.1038/
s41893-023-01241-2.

Davison, J., Ammann, K., 2017. New GMO regulations for old: determining a new future
for EU crop biotechnology. GM. Crops. Food 8, 13–34. https://doi.org/10.1080/
21645698.2017.1289305.

de Amstalden, M., 2024. Cellular agriculture and intellectual property law. In: Fraser, E.,
Newman, L. (Eds.), Cellular Agriculture. Elsevier, pp. 455–468. https://doi.org/
10.1016/C2022-0-00049-0.

de Boer, A., Bast, A., 2018. Demanding safe foods – Safety testing under the novel food
regulation (2015/2283). Trends. Food Sci. Technol. 72, 125–133. https://doi.org/
10.1016/j.tifs.2017.12.013.

Defez, R., Errigo, M.C., Formici, G., Scaffardi, L., Sirsi, E., Fornara, F., Brambilla, V.,
2024. The history of GM crops in Italy: after two decades of a de facto ban, the
engagement of farmers and scientists has prompted the Italian government to allow
field-testing of NGT/TEA plants again. Embo Reports, Sicence and Society 26 (1), 9.
https://doi.org/10.1038/s44319-024-00330-3.

Deloitte LLP, 2023. Novel Foods Regulatory Framework Review: Executive summary.
Department for Science, Innovation & Technology, 2023. Science, Innovation and

Technology backed in Chancellor’s 2023 Autumn Statement. Available at: htt
ps://www.gov.uk/government/news/science-innovation-and-technology-backed-
in-chancellors-2023-autumn-statement.

Domke, F., 2018. Vegetarian and vegan products - labelling and definitions. European
Food and Feed Law Review 13, 102–107.

Donaldson, B., Carter, C., 2016. The Future of Meat Without Animals. Rowman &
Littlefield.

Douglas, L., 2023. Two companies, Upside Foods and Good Meat, said on Wednesday
they have received final U.S. Department of Agriculture approval to sell lab-grown
meat, paving the way for the nation’s first-ever sales of the product. Available at:
https://www.reuters.com/business/retail-consumer/upside-foods-good-meat-recei
ve-final-usda-approval-sell-cultivated-meat-2023-06-21/.

Downes, C., 2013. The rise and fall of the new EU novel food regulation: The complex
influence of the WTO SPS Agreement. Asian J. WTO & Int’l Health L & Pol’y 8, 249.

Dries, L., 2019. Future developments in the EU food sector. pp. 83–90. https://doi.org/
10.1007/978-3-030-28642-2_6.

Ducuing, C., 2022. A legal principle of innovation? Need for an assessment against the
principle of democracy. Law Innov. Technol. 14, 237–266. https://doi.org/10.1080/
17579961.2022.2113667.

Dueñas-Ocampo, S., Eichhorst, W., Newton, P., 2023. Plant-based and cultivated meat in
the United States: A review and research agenda through the lens of socio-technical
transitions. J. Clean. Prod. 405, 136999. https://doi.org/10.1016/j.
jclepro.2023.136999.

EFSA, 2022. Update of the list of QPS-recommended biological agents intentionally
added to food or feed as notified to EFSA 15: suitability of taxonomic units notified
to EFSA until September 2021. EFSA Journal 20, e07045. https://doi.org/10.2903/j.
efsa.2022.7045.

EFSA, 2023. Ad hoc meeting with industry representatives. Available at: https://www.
efsa.europa.eu/en/events/ad-hoc-meeting-industry-representatives-1 (accessed
3.20.24).

EFSA, 2024a. EFSA Scientific Colloquium 27: cell culture-derived foods and food
ingredients. EFSA Supporting Publications 21, 8664E. https://doi.org/10.2903/sp.
efsa.2024.EN-8664.

EFSA, 2024b. Guidance on the scientific requirements for an application for
authorisation of a novel food in the context of regulation (EU) 2015/2283. EFSA
Journal 22, e8961. https://doi.org/10.2903/j.efsa.2024.8961.

Eibl, R., Senn, Y., Gubser, G., Jossen, V., van den Bos, C., Eibl, D., 2021. Cellular
agriculture: opportunities and challenges. Annu Rev. Food Sci. Technol. 12, 51–73.
https://doi.org/10.1146/annurev-food-063020-123940.

Eisenberger, I., 2016. Innovation im Recht. BiblioScout. https://doi.org/10.33196/
9783704674067.

EuropaBio, 2023. EFSA’s ad hoc meeting on cell culture-derived foods and food
ingredients. Available at: https://www.efsa.europa.eu/sites/default/files/2023-11
/3-europabio-presentation.pdf.

European Commission, 2021. Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions: A Farm to Fork Strategy for a fair, healthy and
environmentally-friendly food system (2020) COM/2020/381.

European Commission, 2023a. The Novel Food Catalogue. Available at: https://food.ec.
europa.eu/safety/novel-food/novel-food-status-catalogue_en.

European Commission, 2023b. Better regulation toolbox. Available at: https://co
mmission.europa.eu/law/law-making-process/planning-and-proposing-law/be
tter-regulation/better-regulation-guidelines-and-toolbox/better-regulation-toolbox
_en.

European Commission, 2023c. Commission launches European Regulatory Sandbox for
blockchain | shaping Europe’s digital future. Available at: https://digital-strategy.ec.
europa.eu/en/news/commission-launches-european-regulatory-sandbox-blockchain
(accessed 3.11.24).

European Commission, 2023d. Regulatory sandboxes in the energy sector - European
Commission. Available at: https://energy.ec.europa.eu/publications/regulatory-san
dboxes-energy-sector_en.

European Parliament, 2014. Directorate General for Parliamentary Research Services.,
Centre for Strategy & Evaluation Services (CSES). ADAS United Kingdom Ltd.
Complementary impact assessment reviewing and updating the European
Commission’s 2008 impact assessment for a Regulation on Novel Foods. Publications
Office, LU.

European Parliament, 2021. Are veggie burgers, tofu steaks or the use of yogurt pots
going to be banned? | news | European Parliament. Available at: https://www.
europarl.europa.eu/news/en/press-room/20201019BKG89682/eu-farm-policy-re
form-as-agreed-by-the-parliament-and-council/7/are-veggie-burgers-tofu-steaks-or-
the-use-of-yogurt-pots-going-to-be-banned (accessed 7.21.21).

European Parliament, 2023. European Protein Strategy - European Parliament resolution
of 19 October 2023 European protein strategy (2023/2015(INI)).

FAO and WHO, 2023. Food Safety Aspects of Cell-Based Food. FAO,WHO, Rome, Italy.
https://doi.org/10.4060/cc4855en.

Faustman, C., Aaron, D., Negowetti, N., Leib, E.B., 2021. Ten years post-GAO assessment,
FDA remains uninformed of potentially harmful GRAS substances in foods. Crit. Rev.
Food Sci. Nutr. 61, 1260–1268. https://doi.org/10.1080/10408398.2020.1756217.

Fernandes, A.M., Teixeira, O.de S., Fantinel, A.L., Revillion, J.P.P., Souza, Â.R.L.de,
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Lensch, A., Duwenig, E., Dederer, H.G., Kärenlampi, S.O., Custers, R., Borg, A., Wyss, M.,
2022. Recombinant DNA in fermentation products is of no regulatory relevance.
Food Control 141, 109170. https://doi.org/10.1016/j.foodcont.2022.109170.
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