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EXECUTIVE SUMMARY

Animal-based meat production has evolved over thousands of years to meet the demand for safe and affordable 
sources of protein. Cell-based food production, which is the field of growing animal agricultural products directly 
from cell cultures, has been explored as an alleged sustainable alternative to the conventional livestock agricultural 
system. As commercial cell-based food production continues to expand, the urgency increases to address one 
of the most important questions of consumers, the question of food safety. Thus, the Food and Agriculture 
Organization of the United Nations (FAO), in collaboration with the World Health Organization (WHO), has developed 
the present document to engage with respective Members and relevant stakeholders by proactively sharing the 
current knowledge to identify concrete ways to inform consumers and all other stakeholders about the food 
safety considerations for cell-based food products.

This document includes a literature synthesis of relevant terminology issues, principles of cell-based food production 
processes and the global landscape of regulatory frameworks for cell-based food production. Case studies from 
Israel, Qatar and Singapore have been included to highlight different scopes, structures and contexts surrounding 
their regulatory frameworks for cell-based food. The results of the FAO-led Expert Consultation, where comprehensive 
food safety hazard identification was conducted, form the core of the document and the identified hazards are 
summarized with causal-chain examples.

Hazard identification is the first step of the formal risk assessment process. During the Expert Consultation, 
all potential hazards were discussed in the four stages of the cell-based food production, namely: 1) cell-sourcing; 
2) cell growth and production; 3) cell harvesting; and 4) food processing. Experts agreed that while many hazards 
are already well known and existing equally as well in conventionally produced food, the focus may need to be put 
on the specific materials, inputs, ingredients (including potential allergens), and equipment that are more unique to 
cell-based food production.

While the list of hazards identified forms a strong basis for the next steps, more data generation and sharing at 
the global level are essential to create an atmosphere of openness and trust that will enable the positive engagement 
of all stakeholders. International collaborative efforts would benefit various food safety competent authorities, 
particularly those in low- and middle-income countries, to employ an evidence-based approach to prepare any 
necessary regulatory actions.

The way forward will consist of continuing to invest in research and development in order to understand whether 
the alleged benefits in increased sustainability can be realized. In this regard, it will be important to closely observe as 
to what extent, if any, cell-based foods result in differences from conventionally produced foods.

Keywords: food safety, cell-based food, cell culturing, cultured meat, cultivated meat, terminology, nomenclature, 
production process, regulatory framework, risk analysis, hazard identification, risk assessment, expert consultation, 
food standards, Codex Alimentarius
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A. Introduction 1

1.  Background
The world is facing tremendous food challenges as estimates are that our growing world population will reach 
9–11 billion by 2050. In concert with this, as the global demand for proteins grows and because of potential health 
and environmental concerns, more consumers are looking to reduce their consumption of animal origin products. 
The increasing recognition of the challenges related to feeding a growing global population, while at the same time 
producing food more sustainably, is spurring food system innovations which are shaping our future agrifood landscape.

For example, many in the food sector are looking for opportunities to expand the sources of alternative proteins 
that can be both environmentally sustainable and nutritionally sound. In terms of traditional meat/protein production, 
there are also other mitigating factors such as there being a limited amount of global arable land as well as real 
and unknown threats due to climate change. Cell-based food production, or cellular agriculture, which is the field of 
growing animal agricultural products directly from cell cultures instead of using livestock, and which has been referred 
to as cell-based foods, cell-cultured foods and cultivated meat, has been explored as a potentially sustainable option 
to complement the conventional livestock agricultural system. Some of the cell-based food products are already 
under various stages of development across the world, making it critical to objectively assess the benefits they might 
bring, as well as any risks associated with them - including food safety and quality concerns.

Since the initial studies in the early 2000s, methodologies for cell-based food production, have been well characterized 
and have moved from laboratories to production facilities. In 2013, the first beef burger produced through this 
technology was presented to the world. In December 2020, the first cell-based chicken nuggets were approved 
in Singapore. In November 2022, the United States Food and Drug Administration (US FDA) completed its first 
pre-market consultation for human food (chicken) made using animal cell culture technology. The voluntary pre-market 
consultation is not an approval process; however, it means that after analyzing the data submitted by the company, 
the US FDA states that it has no further questions at this time about the safety conclusions. Currently, there are 
more than 100 start-ups developing various cell-based food products around the world. This commercial landscape 
is expanding very quickly, with many different types of products and commodities such as various meats, poultry, 
fish, aquatic products, dairy and eggs in the pipeline for future commercialization.

One of the most important questions consumers would raise is food safety. In addition to safety, there are several 
other legitimate issues that are important to consider, such as ethical issues, environmental considerations, animal 
welfare, consumer preference/acceptance, production cost, prices of the end products, as well as regulatory 
requirements such as approval mechanisms and labelling rules. As cell-based food production may involve a set of 
relatively new technologies, techniques and/or production steps, it is likely that many countries are currently thinking 
about and would consider implementing a regulatory process that addresses all the relevant issues, before such 
products become available in the marketplace.

The Food and Agriculture Organization of the United Nations (FAO) and the World Health Organization (WHO) consider 
that the time is ripe to initiate the discussion on the potential benefits and drawbacks of cell-based food production. It 
is important for FAO/WHO as well as the respective Members, to engage in the proactive sharing of relevant knowledge 
and information among various stakeholders to identify concrete ways to assure the safety of cell-based food products 
for consumers.

The intention of the present FAO/WHO work on cell-based food is to capture the key food safety issues in a timely 
manner, before the products can become widely available in the global market, so that competent authorities, 
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particularly those in low- and middle-income countries, will be equipped with up-to-date information and scientific 
knowledge related to cell-based food production, to consider potentially important regulatory actions. This document, 
extensively studying food safety aspects of cell-based food, does not have an intention to endorse the technology. 
It is not FAO/WHO’s role to promote any types of food products or production methodologies, however, it is not 
FAO/WHO’s intention to block any relevant technological developments and innovations. FAO and WHO support 
their Members to assure any food, no matter how it is produced, is safe for the consumer.

2.  Working terminologies
Throughout this document, the terms “cell-based food”, “cell-based food products” and “cell-based food production” 
are used as a set of working terminologies to indicate the products or production processes involving culturing cells 
isolated from animals.

A literature synthesis was conducted on various relevant terminologies (see Section B-1) and the results showed 
that while some different preferences exist among different sectors, the term “cell-based food” was found to be less 
confusing, conveniently overarching and generally well-accepted by consumers. However, there is no term that is 100 
percent scientifically correct. In theory, any organism made of cells can be described as “cell-based”, therefore, it does 
not automatically distinguish the technology to grow edible tissues from “cells”. Also, the term “cell-based” has never 
been used for food, therefore some food business operators may prefer not to use the term. The terms “cultured” and 
“cultivated” can be confusing as they are often used in the aquaculture sector to indicate farmed fish and fisheries 
products. The term “cellular agriculture” can be considered too general as it may include the topic of plant cell culturing 
or fermentation, which can use a wide variety of methodologies and techniques. There has also been a challenge 
identified on the use of commodity names such as “meat”, “chicken” or “fish” together within the terminologies 
(see Section D-4.6.3), thus the consistent use of “food” and “food products” has been maintained in the document.

Nomenclature can have a significant impact on consumer perception, marketing efforts and relevant regulatory 
actions such as labelling. While the present document uses the term “cell-based food”, experts (see Section D-2 
for more details about the Technical Panel experts) have suggested to have good studies before considering 
international harmonization of the terminology. While it is ideal to have an internationally harmonized set of 
terminologies, experts have indicated that it may be more important to start with recommending a set of key elements 
for the food safety competent authorities to consider and use within their cultural and geographical contexts as well as 
their languages. The experts also suggested not to use a direct translation of the English terms, without considering 
the impact of such terms in the local language.

3.  Objectives and target audience
The primary objective of this document is to provide readers with up-to-date technical knowledge on the 
multidisciplinary topic of cell-based food production, with a focus on the food safety aspects, through the process 
of literature synthesis and expert elicitation.

Overarching specific objectives include:

	 1.	 to summarize the relevant technical matters for national food safety competent authorities, particularly those 
	 in low- and middle-income countries, to consider their potentially required actions;

	 2.	 to share information on technical knowledge and good practices among competent authorities on various  
	 regulatory frameworks on cell-based foods to learn from each other;

	 3.	 to summarize the results of the Expert Consultation where food safety hazard identification for cell-based food 
	 products has been conducted; and

	 4.	 to identify the needs for possible follow-up actions by international organizations like FAO/WHO. This will 
	 facilitate global discussions and action planning with the partner agencies and stakeholders at the global level.
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More specific objectives include reviewing and describing information so that national food safety competent 
authorities can:

	 1.	 understand how various countries and organizations are describing and using terminology related to 
	 cell-based foods, so that this information can serve as a basis to support stakeholders worldwide in making 
	 informed decisions on selecting those cell-based food terminologies that could be used in communications 
	 or accepted in legislation on cell-based food products;

	 2.	 understand the various technologies that are currently being used to produce cell-based foods and the 
	 potential hazards that have been identified;

	 3.	 understand the results of food safety hazard identification conducted by the Technical Panel and initiate 
	 generation of relevant data for the next steps of risk assessment; and

	 4.	 learn about the current regulatory thinking and developments that currently exist for cell-based foods in different 
	 countries and jurisdictions.

While the primary target audience of this document was set for national food safety competent authorities, 
the global community of scientists, developers, the cell-based food industry as well as academics doing research in 
the area of cell-based food production may benefit from reading this document.

4.  Scope of this document
The scope of this document is strictly technical and prioritizes any potential food safety issues associated with 
cell-based food products. The scope includes examining what are the existing terminologies that are now being 
used in the field, providing an overview of the scientific literature on the cell-based food production technologies 
currently being developed along with any potential hazards that have been identified, as well as discussing the current 
regulatory developments that apply for cell-based foods in different countries.

It is recognized that there are several other issues with respect to cell-based foods that are important to consider, 
including ethical issues, environmental considerations, animal welfare, consumer preference/acceptance, nutrition 
aspects, production costs, prices of the end products, and regulatory requirements such as approval mechanisms 
and labelling rules. Although these issues are critical in moving the whole area of cell-based foods forward, they are 
not within the scope of this document, however, they may be the subject of future FAO and/or WHO consultations.

In addition, besides cell-based foods, there are several other alternative protein sources that fall under the area of 
“new foods and production systems”, a field that is growing fast and it is very likely to grow even more so over 
time. Some of the more prominent topics covered under this category include seaweed, microalgae, edible insects, 
plant-based protein alternatives and 3-D printed foods. However, these latter potential alternative food protein sources 
are also not included within the scope of this document.

5.  Document composition
This document has 5 sections from A to E. Section A is the present introductory chapter, and Section B consists 
of three technical background issues namely 1) terminologies, 2) production process and 3) regulatory frameworks. 
Section C has three country case studies from Israel, Qatar and Singapore. Section D summarizes the results 
of an Expert Consultation meeting where potential food safety hazards for cell-based food production have been 
identified by the Technical Panel experts and resource people. Section E concludes the document with a way forward.
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B.  TECHNICAL
BACKGROUND ISSUES

1.  Terminologies

1.1.  Introduction
The increasing global demand for animal-sourced protein adds to the existing pressure on ecosystems and 
biodiversity (FAO, 2018). Intensifying animal production may also threaten broader sustainability objectives, such as 
climate change and public health, resulting in trade-offs in various aspects of environmental protection, food security 
and animal welfare (FAO, 2019, Henchion et al., 2021, OECD, 2021). These factors have triggered research efforts for 
developing more sustainable ways of producing animal meat as well as a research focus on a “protein transition” 
wherein consumption of animal protein will be at least partially replaced by alternative protein sources, such as 
from plants and microorganisms but also in vitro produced animal protein (Aiking and de Boer, 2020), in order to 
accommodate the increased demand for protein and assure global food security.

One of the technological developments that could produce analogues of animal proteins without slaughtering 
animals is via in vitro cultivation of animal cells on a large scale, which could then be processed into products that are 
substantially equivalent to conventional meat. Such products are often called “cell-based”, “cultured” or “cultivated” 
meat, and currently there are several terms in use to define this type of products around the globe.

While research in this area has been ongoing since the early 2000s, the development of the products was 
presented to the general public in 2013, when researchers from the Netherlands demonstrated the first product 
describing it as a “lab-grown” beef burger at a press conference in London (BBC News, 2013). In December 2020, 
so-called “cultured” chicken nuggets became the first commercialized product of its kind, after market approval in 
Singapore; these particular nuggets are a blend of cultured chicken and plant-based ingredients (Carrington, 2020). 
On a broader scale, the production of analogues of animal products, such as meat, poultry, seafood, dairy, and eggs 
produced through cell-based culture techniques has been advancing quickly in the past few years and at least 
76 companies have been developing similar products in 22 different countries since 2013 (Byrne, 2021).

Because of the novelty of the cell-based food production process and products, assurance of food safety is one of 
the main concerns of nutritionists, food technologists, the competent authorities and consumers. In addition, 
the national competent authorities will have to consider various socioeconomic issues relating to these products, 
including consumer preference, acceptance, ethical issues, production costs, trade issues and market prices. When 
there is a need for clear labelling of such products and/or special authorization processes are to be conducted 
by competent authorities, then appropriate regulatory frameworks need to be adjusted or newly employed, as 
these products may enter their jurisdictions or appear at the border at any time, via e-commerce for example.

In order to discuss the relevant technical issues about cell-based food production, it is important to use clear 
and consistent terminologies that can be accepted by all the stakeholders. Terminologies and labels are also 
an important and direct means of communicating information to consumers (FAO, 2021). However, currently 
many different terms and labels exist for these types of products in both the scientific literature and public 
communications, thereby potentially creating confusion. It is therefore important to make an inventory of these 
terms and their current usage, framing and legal consequences, in order to achieve a consensus on the 
terminology to use at the global level. This will also contribute to a better understanding of the topic as well as 
encourage further discussions on cell-based food products in different parts of the world.
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Figure 2a.  The number of mentions of various terms for the period 2010–2021

Figure 2b.  Relative share of the various synonyms
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Source: Hallman, W. K. & Hallman, W. K., II. 2021. A comparison of cell-based and cell-cultured as appropriate common or usual names to label products made 

from the cells of fish. Journal of Food Science, 86(9): 3798-3809. dx.doi.org/10.1111/1750-3841.15860.

as being from conventional aquafarming, widely known as aquaculture. They also abandoned the descriptors 
“cultivated from the cells of...” and “grown directly from the cells of ...” given the negative responses to these concepts 
and the association with genetic modification. Survey participants expressed positive initial responses to the 
two remaining concepts of “cell-based” and “cell-cultured”. While both these concepts performed well on many 
counts, “cell-based” outperformed “cell-cultured” in terms of perceived nutritional value and taste of the product, 
purchasing intention, and consumption advice to children. The authors concluded that “cell-based” met all criteria 
and was an appropriate name for product description (Hallman and Hallman, 2020).

In a follow-up study, the authors compared the two selected terms “cell-based” and “cell-cultured” in a more focused 
way using a group of American consumers as respondents (Hallman and Hallman, 2021). Participants (N=1200) 
were shown two pictures of imaginary pouches containing salmon substitute products. The front of the pouch 
featured a picture of a salmon fillet (suggested serving), the name “Atlantic salmon fillets” in large font with a smaller 
subscript “cell-based” seafood on the left and “cell-cultured” seafood on the right, on top of a nutritional fact table 
plus storage advice and product weight (Figure 3).

Figure 3.  Product packaging shown to participants in the study
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The outcomes confirmed those of the previous study in that many participants correctly identified both products as not 
being derived from farm-raised or wild-caught fish, and that they should not be consumed by persons with allergies. 
For the remaining incorrect identifications, “cell-cultured” was more often associated with farm-raised products than 
“cell-based”, which was also the case for ocean-caught fish. Moreover, many participants correctly assumed that 
both products were derived from salmon cells. Initial, subsequent, and overall reactions to “cell-based” were more 
positive than to “cell-cultured”. Products with both concepts performed equally positive in some respects: consumers 
considered both somewhat-to-moderately safe to eat, moderately nutritious, slightly good-tasting, and neither natural 
nor unnatural. “Cell-cultured” was associated more with genetic modification than “cell-based”, while purchasing and 
tasting intentions were slightly greater for “cell-based” than for “cell-cultured” products (Hallman and Hallman, 2021).

Ong et al. (2020) also studied the term “cell-based” meats, reviewing the evolving production and regulatory landscapes 
for these products. As regards nomenclature, they considered the possibility of adding additional terms implying 
edibility, healthiness, sustainability and no involvement of animals. While for edibility, the ingredients and production 
processes used should be proven to be safe, various claims and labelling rules and guidelines may apply to claims 
of healthiness, sustainability and absence of cruelty to animals. As regards healthiness, depending on the regulatory 
frameworks, certain claims may be permitted provided that evidence can be provided in support of these claims. 
The authors considered that reference to “animal-free” might still be controversial as cells from animals will be used 
as donors in the initial stage, although the use of lines of immortalized cells could further decrease dependency 
on animals, as does the avoidance of the use of animal-derived additives to the production media (Ong et al., 2020).

Szejda et al. (2019), in collaboration with several cell-based food companies, carried out a study in which focus groups 
(N=27) discussed a narrative for the “cultured” meat presented to them, followed by another study with segmented 
consumer groups (enthusiasts, sceptics, opponents). They concluded that, for example, the concepts “cultivated” 
meat and “cultured” meat had the most appeal and were moderately descriptive. “Cell-based” and “cell-cultured” were 
only somewhat appealing yet scored better on the descriptiveness scale as being moderately to very descriptive. 
The modifiers “cultivated”, “cultured”, and “cell-based” differentiated moderately and moderately to very much 
from conventional meat. It was argued that “cultivated” evoked positive responses, considering appeal, neutrality, 
and descriptiveness criteria, for many of the participants.

1.3.4.  Other considerations for terminologies

Allergen labelling

The product noun, such as “salmon” in the collocation “cultured salmon” might impart important information to 
allergy patients who are allergic to the traditional form of the product from the same animal species (salmon in this 
example). It is important to ensure that the modifiers do not conceal this, such as in the example “cell-based artificial 
salmon product” (Lamb, 2018).

In addition, it is also important to consider proper allergen labelling, as cell-based food products can have the same 
level of risks for allergic reactions as conventional counterparts (Hallman and Hallman, 2020). This will entail the 
declaration of ingredients (listed on the product label) that may cause hypersensitivities, such as egg, crustaceans, 
fish, and milk (Codex Alimentarius, 2018). These may then have to be highlighted in bold font, for example, so as 
to stand out for consumers reading the product label.

Commodity terminologies in the regulatory framework

While no internationally harmonized definition of the term exists and nothing indicates restrictions on the use of 
any terms, there are potential and significant restrictions in many countries on using commodity terms such as 
“meat”, “chicken”, “fish”, “milk” and so forth. Cell-based food can be considered as “novel food” in certain jurisdictions 
(e.g. in the European Union), which may place additional requirements on the terms used and provides an opportunity to 
define terms, as certain regulatory requirements of “meat” may not apply to this type of product (Seehafer and Bartels, 
2019). In the United States of America, new agency regulations for labelling of meat and poultry products derived 
from animal cells is under consultation in a so-called “advance notice of proposed regulation (ANPR)” (USDA, 2021). 
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While the ANPR touches upon issues of regulation and safety, it is notable that it also addresses the various 
aspects identified by the scientific investigations into the impact of naming of these products on acceptance and 
interpretation accuracy.

The term “cellular agriculture”

As of February 2022, several terms are in use in science, industry and the media, such as “cellular agriculture”, “cellular 
food technologies”, “cell-based techniques” and “cell-based food production". The use of these terms is currently 
dictated by the end user, and no studies have been performed on the perception and acceptance of alternative 
terms by different social or professional groups.

The term “cellular agriculture” is used by many stakeholders and it indicates the production method that can be used 
to make acellular or cellular products, where acellular products are made of organic molecules like proteins and 
fats and contain no cellular or living material in the final product, while cellular products are made of living or once-
living cells. For example, acellular animal-sourced foods (like milk proteins or gelatine) are produced without animals 
through fermentation using microorganisms like yeast or bacteria (often referred to as precision fermentation). 
In contrast, cellular products are formed by growing cells from a particular animal species and tissue type in vitro, 
followed by assembly of cells on a scaffold to form tissue-like structures and further processing into products 
(Rischer et al., 2020). The use of the term is also documented in various sources (CAIC, 2021).

However, it should also be noted that for the scientific community, the term “cellular agriculture” encompasses not 
only the production of cell-based food but also the utilization of cell cultures of a whole variety of host organisms 
(animals, plants, microorganisms) for the production of agricultural food products rather than production from farmed 
animals or crops (Mattick, 2018; Rischer et al., 2020).

Table 2 provides a summary of the various studies analyzed in detail examining the impact of terminology on the 
perception of cell-based meat products by consumers. The results show that “cultivated” was the preferred modifier 
in 5 studies, while “cultured” and “cell-based” were preferred twice in separate studies and “clean” in one study.

©CellX/Ning Xiang
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1.4.  Discussion

Overall, through the examination of both scientific and grey literature, “cell-based”, “cultivated” and “cultured” are 
the three major terminologies used or preferred by consumers, industry and the authorities. These terms are also 
commonly used in scientific publications, but a broader range of terms can also be found in many cases in science, 
including the terms “in vitro”, “artificial” and “clean” that were used more frequently in the early days of the technology 
developments. However, industry prefers to use “cultured”, “cultivated” or cell-based”, while the media use a more 
diverse array of terms including, but not limited to, “cultured”, “lab-grown”, “fake”, “clean”, “cultivated”, or “cell-based”.

As for consumers, only a small number of well-designed quantitative studies in a limited number of countries have 
addressed the appropriateness and relevant consumer perception and acceptance of different terminologies. 
Moreover, these studies did not always include the same set of terms to be analyzed and compared. Despite these 
limitations, consumer studies indicated that the term “cultivated” was often considered the most appealing, and 
“cultured”, “cell-based” and “clean” to a lesser extent. These studies did not always test whether these four terms 
were also considered to be the clearest.

It is recommended that, from the early stages, the national competent authorities establish clear and consistent 
terminologies that fit in with their national and language contexts so that they can mitigate potential miscommunications 
on this subject in the future. If English is the language to be used, based on the data currently available and consumer 
studies, the potential candidates are “cell-based”, “cultivated” or “cultured”, whereby the specific use might be further 
determined by the target audience or language-specific associations of these terms. It is important to note that 
“cultured” and “cultivated” may be wrongly interpreted when used for cell-based seafood products, as both terms 
can be perceived as being “farmed fish” (Hallman and Hallman, 2020). In addition, United States’ federal agencies 
use the term “cultivated” to identify farmed shellfish. To make the terminology non-commodity-specific, “cell-based” 
may be useful as in cell-based food, cell-based food products, or cell-based food production, while “cultivated” 
and “cultured” most likely need to be followed by a commodity name, such as meat, chicken, fish and so forth.

©FAO/Oded Antman©CEFET MG/UFMG/Leonardo Dutra Luz
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2. Generic understanding of production processes

2.1.  Introduction
Food safety is an essential element to achieve food security, and regardless of how food is produced, consumers 
expect all food products to be safe to eat. While various steps are involved in overall food safety assurance, one of the 
first practical and important steps to ensure food safety is the identification of potential hazards in food production 
chains, in order to further assess the risks associated with implementing measures to reduce or mitigate any 
adverse health impact.

Cell-based food production encompasses the in vitro cultivation of animal cells or microbial cells for the production 
of analogues of animal or plant products (e.g. animal tissues or specific animal or plant proteins and fats), with 
nutritional properties matching those of conventionally produced components. Technologies in this area are rapidly 
developing and various types of large-scale cell-based food production are on the horizon. These technologies 
could possibly play an important role in supporting the increasing global demand for animal-sourced protein 
(Henchion et al., 2021) and provide more sustainable ways of producing animal protein in the so-called 
“protein transition” (Aiking and de Boer, 2020).

It is important to apply the same level of food safety assurance of currently commercialized food products to animal 
cell-based food products as well, thus a basic understanding of the cell-based food production processes is an 
important preliminary step prior to food safety hazard identification. To this end, the aim of this chapter is to provide 
an overview of the available literature for a generic understanding of the relevant technologies and production 
processes for animal cell-based food and the potential food safety hazards and/or relevant concerns.

Animal cell-based food production can employ a wide variety of cells to initiate the production process in order 
to develop cellular products such as proteins, fats or tissues from whole animal cells of poultry, cattle, pork, 
fish (e.g. salmon and tuna), game animals (e.g. kangaroo and quail), shrimp, crab, and lobster (Hong et al., 2021; 
Miller, 2020). The specific production processes for each cell-based food product may vary considerably. This chapter 
therefore primarily focuses on the processes that are common for the majority of production chains for animal 
cell-based food products. Therefore, this chapter can be interpreted as an overview of the main characteristics  
of generic production process steps and the relevant potential food safety hazards or concerns. In addition, as 
FAO aims to provide scientific information to the relevant competent authorities, particularly those in low- and middle-
income countries, key considerations for countries with limited knowledge, resources and capacity are included.

2.2.  Literature synthesis results

2.2.1.  General processes for animal cell-based food production

Manufacturing processes for animal cell-based food products may significantly vary depending on the type of cell 
line used (livestock, poultry, fish or seafood) and the nature of the final product (e.g. a burger, steak or nuggets). 
Nevertheless, a general process includes four key production stages (i) target tissue or cell selection, isolation, 
preparation and storage, (ii) cell proliferation and possible cell differentiation during large-scale biomass production 
(iii) tissue or cell harvesting, and (iv) processing and formulation of food products (Ong et al., 2021). Depending on the 
commodity and desired final product, each of these stages can have different sub-steps for completing the specific 
stage. To present a high-level understanding of the production process, an overview of the common cell-based food 
production process has been summarized in Box 1.
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2.2.2.0 Cell selection – sourcing, storage, isolation and preparation

Cell sourcing

Production of cell-based food starts with the selection of the desired cell sources (livestock, poultry, game, fish, 
seafood) and cell types (e.g. non-differentiated stem cells, muscle precursor cells, fibroblasts or adipose-derived 
cells) to be used for developing the final product. Small tissue samples can be obtained by taking a biopsy from live 
or slaughtered animals, after which the desired cell type can be isolated or reprogrammed for in vitro cultivation. 
It is important that, before taking biopsies, the health status of the animal is confirmed. Cells used for cell-based 
food production can be e.g. embryonic stem cells, which are pluripotent cells that are located within blastocysts 
and have an unlimited capacity for self-renewal and the ability to differentiate into any somatic cell type, induced 
pluripotent stem cells (iPSCs) that are derived from reprogrammed adult somatic cell and have regained their 
capacity to differentiate into any cell type found in the body, mesenchymal stem cells or adult stem cells such as 
myosatellite cells (Ben-Arye and Levenberg, 2019; Ong et al., 2021; Reiss, Robertson and Suzuki, 2021). For some 
products, primary cell lines that are freshly isolated from specific organ tissues and maintained for growth in vitro 
might be used, which is the case for most fish cell lines, as they are not readily available from cell culture 
collections (Rubio et al., 2019). Mesenchymal stem cells can readily be obtained from bone marrow or adipose 
tissue, while muscle precursor cells are sourced from muscle.

Cell isolation

Tissues obtained from biopsies are either explanted (a method whereby a sample adheres to a plate, which 
encourages cell migration to the culture surface) or further processed through mechanical and enzymatic steps 
that liberate the cells. One example is the isolation of muscle cells, where enzymatic digestion uses e.g. trypsin or 
collagenase to release cells from muscle samples (see Figure 4 and Box 2). In general, the use of digestive enzymes 
enables the isolation of muscle stem cells from a large piece of muscle without damaging the cells, though some 
digestion of cell surface antigens may occur. As for all isolation methods, it also carries the risk of contamination 
with other types of cells. Complementary methods are therefore warranted for further purification of muscle stem 
cells from these initial extracts. Methods that have been successfully used to this end can be cost-demanding 
(though negligible in the overall costs for the production process) and include selective plating, differential 
adhesion, cytochasalin-B-based detachment of myogenic cells from myoblast cultures (Choi et al., 2021), cell 
capture using magnetic beads with cell-specific antibodies or fluorescence-activated cell sorting (FACS) (Post et al., 
2020; Rubio et al., 2019), or Percoll density gradient centrifugation. It may therefore be important to develop 
alternative pre-plating methods amenable to industrial-scale production (Guan et al., 2021). Figure 4 shows a 
general scheme for isolation of muscle satellite cells from livestock and poultry for cultured muscle tissue (CMT) 
production. Specific cell isolation procedures may apply, depending on the desired cell types; thus two examples 
for livestock and poultry have been provided in Box 2 and Box 3 to illustrate the different cell sourcing and isolation 
processes. Detailed isolation procedures also exist for other cell types, such as adipose-derived stem cells 
(Lu et al., 2014; Sampaio et al., 2015), mesenchymal stem cells (Feyen et al., 2016; Vassiliev and Nottle, 2013) 
or fibroblasts (Park et al., 2022). For cells derived from fish or seafood, protocols are currently not publicly available. 

Box 1.  A generic overview of the cell-based food production process

Source: FAO. 2022. Thinking about the future of food safety - A foresight report. Rome. www.fao.org/3/cb8667en/cb8667en.pdf

Harvestinga. Cell proliferation
b. Cell differentiation

Production Food 
processing and 

formulation
a. Cell sourcing
b. Cell isolation 
c. Cell preparation
d. Cell storage

Cell selection

1 2 3 4



20 Food safety aspects of cell-based food

Box 2.  Cell sourcing and isolation of chicken and bovine muscle satellite cells

Figure 4.  Flow diagram for the sourcing and isolation of cultured muscle satellite cells

Source: Joo, S.T., Choi, J.S., Hur, S.J., Kim, G.D., Kim, C.J., Lee, E.Y., Bakhsh, A. et al. 2022. A Comparative Study on the Taste Characteristics of Satellite Cell 
Cultured Meat Derived from Chicken and Cattle Muscles. Food Science of Animal Resources, 42(1): 175–185. 10.5851/kosfa.2021.e72

Source: Example protocol from Joo Seon-Tea et al. A Comparative Study on the Taste Characteristics of Satellite Cell Cultured Meat Derived from 
Chicken and Cattle Muscles. Food Sci Anim Resour. 2022;42(1):175–185. https://doi.org/10.5851/kosfa.2021.e72.

The flow diagram for the cultured muscle satellite cell isolation is shown in Figure 4. 

Cell sourcing

Skeletal muscle samples were derived from 4– to 6–week-old broiler chickens or 24– to 27–month-old cattle steers. Animals 
were euthanized following approved human methods. Several small pieces of the pectoralis major muscle from chickens 
and the biceps femoris muscle from cattle were removed from the carcasses immediately after slaughter. The collected 
muscle pieces were sterilized with 70 percent ethanol, placed in Hanks' Balanced Salt Solution containing 3 percent 
antibiotic-antimycotic (containing penicillin, streptomycin, and amphotericin B), and transported to the cell culture laboratory. 
On a clean bench, muscle pieces were washed once with 70 percent ethanol and placed in a Petri dish. Each muscle tissue 
was rinsed 3–5 times with a 4-fold volume of cold phosphate-buffered saline (PBS), followed by the removal of visible adipose 
and connective tissue. Muscle tissue was cut into very small pieces using scissors after spraying with 0.25 percent 
trypsin-EDTA. Muscle tissue was minced, and 4 grams of minced muscle were transferred and 5 times the volume of 0.25 
percent trypsin-EDTA was added. Muscle tissue was transferred to a tube and incubated in a water bath at 37 °C for 
30 minutes while gently inverting every 10 minutes. The digested muscle tissue was collected by low-speed centrifugation, 
and after removing supernatant, 10 mL of proliferation medium (PM) was added to the pellet and serially filtered through 
100, 70, and 40 μm strainers. The filtered cell suspension  was centrifuged to collect the cell pellet.

Isolation of muscle satellite cells

Muscle satellite cells (MSCs) were separated by the pre-plating method utilizing the difference between the cell adhesion 
rate and the growth rate. The cell pellet obtained after sourcing was re-suspended in PM and plated onto a cell culture 
dish coated with 0.2 percent gelatine. The cell culture dish was incubated at 37 °C in the presence of 5 percent CO2 for 1 hour 
(pre-plating 1, PP1). Fibroblasts quickly adhered to the bottom of the cell culture flask, while MSCs remained in the 
supernatant. The supernatant containing MSCs was collected in a centrifuge tube and centrifuged for 10 minutes at 500×g. 
The MSC pellet was re-suspended with PM, plated onto a cell culture dish and incubated at 37 °C with 5 percent CO2 
for 2 hours (pre-plating 2, PP2). The supernatant and non-attached cell suspensions were recovered, centrifuged again, and 
only the cell pellets were cultured for 24 hours (PP3). This pre-plating process was repeated up to PP5 to isolate muscle 
satellite cells that are as pure as possible in the final PP5 fraction. Cells in all steps from PP1 to PP5 were cultured in PM.
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Box 3. Cell sourcing and fluorescence-activated cell sorting to enrich bovine muscle satellite cells

Source: Example protocol from Joo Seon-Tea et al. A Comparative Study on the Taste Characteristics of Satellite Cell Cultured Meat Derived from 
Chicken and Cattle Muscles. Food Sci Anim Resour. 2022;42(1):175–185. https://doi.org/10.5851/kosfa.2021.e72.

Preparation of robust production cell lines

Many cell lines currently used for cell-based food production are not genetically modified (Hadi and Brightwell, 2021; 
Post et al., 2020; Zhang et al., 2020). These cell lines therefore may not necessarily possess the exact physiological 
or genetic characteristics desired for optimized growth and prolonged cultivation in large-scale bioreactors, such as a 
limited number of cell divisions, or low resistance to shear stress and sub-optimal oxygenation. Developing so-called 
immortalized cell lines is one of the approaches that could lead to cells with an extended proliferation capacity. This 
can be achieved by, for example, targeting the telomerase activity through genetic modification and thereby preventing 
senescence (Soice and Johnston, 2021), but can also be obtained through non-GM methods whereby primary cells are 
serially sub-cultured until clonal populations of immortalized cells arise from spontaneous genetic variation over time. 

Cell storage

The cell type used for cell-based food production has a large impact on the parameters used in the production process, 
as each cell type has its particular requirements that might be beneficial for or detrimental to efficient production. 
For consistent production of cell-based food products, it is also vital to use stable cell lines that maintain the 
same genetic and physiological characteristics and exhibit uniform/consistent production performance over time. 
This necessitates storage of cells after isolation from animals (primary cells) or storage of cells from specific stages 
of the production process. To this end, cells are stored as frozen aliquots in master cell banks after the addition 
of cryopreservation fluid (Ong et al., 2021). Individual vials of the master cell bank can then be used to generate 
large “working” cell banks from which individual vials are used to initiate cultures for each production run or 
period of experimentation (Healy et al., 2011) Prior to cryopreservation, cell lines are screened for the presence 
of microbial contaminants, and may be verified for the species cell line identity to ensure that cell cultures are not 
contaminated during the seed phase of biomass production (Andriolo et al., 2021). Cell banks for animal cell lines 
have not been developed yet for many animal species, in particular for fish, and establishing such cell banks is 
therefore an important factor for future large-scale cell-based food production (Ramani et al., 2021).

Alternative isolation protocol for bovine muscle satellite cells (not related to Figure 4).

Cell sourcing

Bovine satellite cells were derived from fresh (within 30 minutes of euthanasia) muscle samples obtained from 1– to 2–year-old 
male cattle. Freshly harvested bovine muscle was immediately transferred to the lab on ice and washed with 75 percent 
ethanol for 1 minute, followed by washing 2 times in phosphate-buffered saline (PBS). Tissues were mechanically dissected 
and dissociated with collagenase II (CLS-2, 0.2 percent) in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 
1 percent penicillin-streptomycin at 37 °C for 1.5 hours. The mixture was mixed by vortexing or triturated with a pipette 
every 10 minutes. After digestion, 20 percent fetal bovine serum (FBS) in DMEM was added and mixed well with a pipette. 
Muscle fragments were centrifuged at 80 g for 3 minutes and the supernatant was collected as mononuclear cell suspension. 
The precipitated debris was again triturated with a 20-gauge needle in PBS and centrifuged at 80 g for 3 minutes. 
The supernatant was collected and mixed with previous mononuclear cell suspensions. After centrifugation at 1,000 g for 
5 minutes, the cells were washed twice with PBS followed by DMEM with 20 percent FBS. After that, the cells were filtered 
through a 100 µm cell strainer followed by a 40 µm cell strainer. The cells were then centrifuged at 1,000 g for 5 minutes at 
4 °C and incubated with the erythrocyte lysis buffer (ACK) buffer for 5 minutes on ice. The cells were washed twice with 
PBS and cell pellet was reconstituted with FACS buffer (1 percent bovine serum albumin [BSA] in PBS) or frozen in FBS 
supplement with 10 percent dimethyl sulphoxide (DMSO) until further use.

Fluorescence-activated cell sorting

Frozen cells were recovered in a 37 °C water bath and washed with PBS twice before further processing. The cells were 
resuspended in FACS buffer and stained with selected APC anti-human CD29 Antibody (1:10), PE-CyTM7 anti-human CD56 
(1:10), FITC anti-sheep CD31 (1:10), FITC anti-sheep CD45 (1:10) for 30–45 minutes on ice. After antibody incubation, the 
cells were washed twice with cold PBS and reconstituted in F-10 with 20 percent FBS. The viable CD31−CD45−CD56+CD29+ 
cells (bovine satellite cells) were isolated by cell sorting. Cell sorting was performed with a BD FACSAria cell sorter using 
405 nm, 488 nm and 640 nm lasers. Unstained cells were routinely used to define FACS gating parameters.

https://doi.org/10.5851/kosfa.2021.e72
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2.2.3.  Production - cell proliferation and differentiation and large-scale production

Cell proliferation

For large-scale production, isolated cells need to be proliferated on a large scale and to a high cell density and in 
"many cases differentiated into specific cell types, which will involve several scale-up steps from the seed stage to 
full scale production in large bioreactors (1 000–10 000 L volumes or higher). The cell source and type used have an 
important impact on the proliferation and scale-up requirements. Cell types such as skeletal muscle cells, fibroblasts, 
satellite cells, and iPSCs are in general being favoured, on their own or in combination with adipogenic stem cells, 
and each have their particular benefits and requirements for proliferation factors such as oxygenation, pH and 
temperature (Swartz, 2021). While most mammalian cells typically need to be proliferated at a narrow range 
of temperatures from 36.5 to 37.5 °C (Choi et al., 2021), fish cells can be grown at much lower temperatures in a 
wider range between 15 and 30 °C. Moreover, fish cells are expected to tolerate lower oxygen levels compared with 
mammalian cells and to be more adaptable to a wider pH range, based on the physiology of fish and aquatic 
invertebrates (Fernandez et al., 1993; Rubio et al., 2019). The use of a fresh/non-exhausted medium is also considered 
important, as it was found that medium exchange was critical in maintaining good cell growth (Hanga et al., 2020).

For creating cell-based fat, mesenchymal stem cells isolated from fat or bone marrow may be an option as these 
multipotent stem cells have the capability to develop into fat cells (adipocytes) (Fish et al., 2020). iPSCs, for example, 
can still develop into myotubes, a propensity also exploited in research into human tissue engineering for medical 
purposes. In addition, adipose tissue-derived stem cells (ADSCs) can also be triggered to develop into various types 
of cells, such as bone-, muscle-, and fat-cells (Balasubramanian et al., 2021). The tendency of the isolated cells to 
proliferate and differentiate may differ depending on the tissues from which they are sourced, as shown for muscle 
satellite cells (Choi et al., 2021). Reiss et al. (2021) point out that pluripotent stem cells may be costlier to obtain 
and to grow, and that more time may be needed to have them differentiate into cells with the desirable phenotype. 
They also note that primary adult stem cells, for example, may be easier to obtain from e.g. biopsies of animal 
muscle tissue. For seafood, the fact that fish muscle consists of three different types of muscle (red, white, pink) 
opens up possibilities when designing cultivation systems (Rubio et al., 2019).

Co-cultures of different types of cells, such as muscle and fat cells, may not only help to mimic the structure and 
characteristics of meat, poultry or fish closely (e.g. marbling) but different types of cells may also secrete factors and 
matrices that induce other cell types to proliferate and differentiate (Balasubramanian et al., 2021). Various authors, 
for example, used a technique to layer alternating sheets of muscle and fat cells on top of each other (Pandurangan 
and Kim, 2015; Shahin-Shamsabadi and Selvaganapathy, 2021). Co-cultures may also be used for the creation 
of “self-organizing” methods of cell-based food production, as an alternative to methods employing scaffolds. 
One challenge in this regard is the transport of nutrients and oxygen throughout the mixed-cell-type tissues being 
formed, which may be done with the aid of artificial blood-circulation-imitating concepts (Bhat et al., 2015).

Cell differentiation

After cell proliferation, cells need to be induced to differentiate into cell types with the desired characteristics for 
the cell-based food product. Cell differentiation can be stimulated e.g. by changing to a culture medium with an 
altered composition of signalling molecules, environmental conditions or by changing scaffolds. Medium composition 
for cell differentiation can be achieved by addition or removal of growth factors, vitamins, amino acids or trace 
minerals. The media used are complex, and besides the proper amounts of, e.g. lipids, amino acids, and vitamins, 
the addition of essential growth factors is also required to stimulate the proliferation and differentiation of those 
cell types that do not produce such factors themselves in culture (Arshad et al., 2017). The chemical and biochemical 
compounds that could act as hormones or growth factors for this purpose range widely, including for example 
steroids, signalling molecules, insulin and insulin-like growth factors (IGFs), fibroblast growth factors (FGFs), 
transforming growth factor beta-2 (TGF-βs), and interleukins (Choi et al., 2021). As cell differentiation is never 
100 percent efficient, further purification might still be required of the target cell type. Whilst plasma and serum 
from animals, such as foetal calf serum, may be added for cell proliferation and differentiation (up to 20 percent), 
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this might not align with the strategy directed towards animal-slaughter-free production. Alternatives that can be 
used include recombinant growth factors, the recycling of growth factors used by cultured cells themselves and 
adapting cell lines to grow in serum-free media or in alternative media containing plant or microbial components 
(O'Neill et al., 2021). Besides or as an alternative to growth factors, mechanical stimulation such as contraction, 
fluid flow, or magnetic particles may be used to stimulate muscle cells in particular.

Process design for large-scale production 

Bioreactor configuration and process design takes into account factors such as oxygenation, shear stress, pH through 
carbon dioxide concentration and temperatures that are optimal for proliferation of the selected mammalian, fish 
or seafood cell line (Allan et al., 2019; Arshad et al., 2017). Fish and seafood cell lines might be more amenable 
towards temperature, oxygen and pH ranges than other animal cell lines and might therefore be proliferated using 
a simpler (and cheaper) reactor design. In contrast, avian cell lines might require optimal growth temperatures 
higher than 37 ºC. Different types of bioreactors might be used for cell-based food production, such as stirred tank 
bioreactors and rocking bed bioreactors, but also those using fluidized or packed beds, or hollow fibres (Allen, 2013; 
Choi and Hyun-Jae, 2019; Djisalov et al., 2021; Hanga et al., 2020). It is important that the reactor configuration that 
is used for a specific cell line is scalable without negative effects on the cell proliferation and differentiation 
capacities that could, for example, be introduced by increased shear stress or reduced oxygenation. The stirred tank 
bioreactor is currently preferred for the large-scale and cost-effective growth of animal cells for food production 
and elsewhere in the biopharmaceutical sector (Eibl et al., 2021). In all reactor set ups it is important to monitor 
the process carefully, such as for pH (controlled via carbon dioxide), dissolved oxygen, temperature, nutrients 
(e.g. ammonia, glutamate, glucose), biomass, cell density and proliferation, as well as cell image analysis (Djisalov 
et al., 2021). Medium exchange is expected to be critical to maintaining good cell growth, as was demonstrated in a 
lab-scale stirred flask model for growing fat cells (Hanga et al., 2020), and is therefore a key part of the process design.

Cells used for cell-based food production in many cases might need to utilize an adherent surface for proliferation 
(Ong et al., 2021). These surfaces can be microcarriers (MCs, small beads) or more robust scaffolds that allow the 
formation of more complex cell structures such as sheets. MCs are often composed of materials such as gelatine, 
dextran, collagen or polystyrene (Bodiou et al., 2020). Scaffold materials might include natural components such 
as polysaccharides (cellulose, alginate, chitosan, decellularized plant materials), proteins such as gelatine and 
collagen (from animal or non-animal sources), textured soy protein or synthetic scaffold materials composed of 
polymers such as polyethylene glycol (PEG), polylactide (PLA) or polyacrylamide (Ben-Arye and Levenberg, 2019; 
Ng and Kurisawa, 2021; Seah et al., 2022). Composites of natural and synthetic materials may also be used. In all 
cases, microcarrier or scaffold materials are preferably biocompatible, biodegradable, edible and safe to use and, 
in the case of scaffolds, provide the final product with structure and texture (Bomkamp et al., 2022). Matrices may 
be structured such that the cells are stimulated to grow into fibre-like structures. Acevedo and co-workers (Acevedo 
et al., 2018; Orellana et al., 2020) employed an edible film with laser-cut microchannels and observed that cells 
after seeding did start to form muscle-forming (myogenic) structures. Eibl et al. (2021) note that the choice of MCs 
and media to be used in stirred bioreactors are mutually dependent for optimal results and affect the scalability 
of the process (Bodiou et al., 2020; Eibl et al., 2021). For example, when using an air-lift reactor design, the air 
bubble size needs to be chosen carefully as the use of MCs requires a smaller bubble size in order to prevent cells 
from being dislodged from the carrier and harmed (Li et al., 2020).

Biopolymers used as microcarriers or scaffolds can also serve a function as an additional fibrous substance in the 
final product, or to contain molecules that emulate the action of hormones (Ng and Kurisawa, 2021). Park et al. (2021), 
for example, describe a porous multilayer film containing different polysaccharides with C-phycocyanin. The latter 
is an algal protein with proliferation-inducing properties and hence a possible substitute for foetal bovine serum 
as a media additive. Results showed that muscle cells grown on this substrate displayed increased proliferation 
(Park et al., 2021). Alternatively, they can also be selected or designed to be biodegradable, with their degradation 
possibly leading to the release of flavour or nutritional compounds. Edible biopolymers are generally not cell-adhesive 
and modifications may be needed for this purpose (Ng and Kurisawa, 2021).
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2.2.4.  Harvesting

Once cells have reached their maximum density during proliferation and have differentiated into the desired cell 
type, they are harvested in a way that maintains cell/tissue integrity and avoids microbial contamination. Cells can 
be collected using sedimentation, centrifugation or filtration techniques, and when cells were grown on scaffolds/
MCs that are not edible or biodegradable, they must first be dissociated from the scaffold before further processing. 
Dissociation can be done using enzymatic, chemical or mechanical methods (Allan et al., 2019; Bodiou et al., 
2020; Rodrigues et al., 2019). Depending on the production system used, only part of the cells might be harvested, 
after which fresh (or recycled) media can be added to the remaining cells for further cultivation. The implementation 
of automated cell harvesting systems instead of manual harvesting could be a development that can greatly 
reduce the risk of contamination during the harvesting stage (Specht et al., 2018; Tan et al., 2017). The literature review 
did not find any technical articles describing specific harvesting processes for cell-based food products. However, 
Bodiou et al. (2020) discuss three cell proliferation and harvesting scenarios as described in Box 4.

Box 4.  Cell harvesting scenarios in cell-based food production

Scenario 1: Temporary microcarriers (MCs) for satellite cells proliferation

MCs that are used as temporary substrates for the proliferation of satellite cells (SCs) need to be removed before further 
processing, which requires (1) a high detachment (dissociation) yield and (2) easy separation from the cells.

Dissociation of SCs from MCs can be based on (i) chemical, (ii) mechanical or (iii) thermal principles to detach cell from MCs 
while maintaining cell viability, proliferation and differentiation capacity. (i) Chemical detachment consists of the enzymatic 
and non-enzymatic dissociation of cells. The enzymatic detachment is based on proteases in combination with chelating 
agents for Ca2+ to reduce cell binding. Non-enzymatic dissociation agents, such as dextran-sulphate, N-acetyl-L-cysteine and 
dithiothreitol, mimic enzyme activity that cleaves or degrades MCs’ coating; (ii) mechanical methods to detach cells from MCs 
include pipetting, high agitation and vibration and can be used in combination with enzymes and chelators like trypsin-EDTA; 
and (iii) thermal response materials used for cell detachment from MCs can undergo a phase transition and/or morphological 
modification in response to a variation of temperature, leading to cell detachment. The advantages of mechanical and 
thermal techniques over chemical techniques are that they do not require the use of dissociation agents and do not have 
washing steps before and after dissociation which leads to longer processing times and extensive manipulation of the culture.

Separation systems for separating detached cells from MCs are based on one of the following four principles: filtration, 
centrifugation, inertia and magnetism. The most common filtration methods use dead-end filtration systems, (alternate) tangential 
flow filtration or continuous centrifugal separators. Magnetism can be used as a separation method when magnetic particles 
(made from iron, nickel, cobalt or their alloys) are incorporated into the MCs’ core. After dissociation of the cells from the surface 
of the MCs, the introduction of a magnetic field separates the MCs from the cells.

Scenario 2: Non-edible, degradable microcarriers

MCs that serve as a temporary substrate for cell proliferation are separated at the end of the process through MC degradation 
instead of dissociation in order to obtain the cells. Diverse natural or synthetic degradable materials have been used 
for MC production, including polystyrene, cellulose, collagen, gelatine, alginate, chitosan, poly (L-lactic-co-glycolic acid) (PLGA), 
polylactide (PLA), or poly(+-caprolactone)(PCL). These polymers can be degraded according to five principles: thermal, 
chemical, mechanical, photo and biological degradation. The degradation of MCs needs to be controlled in order to be robust, 
fast and prevent damage or interaction of the SCs with the degradation products. In addition, premature degradation of 
MCs should be prevented during cell proliferation. Up to date, only one MC has been commercialized and developed with 
the purpose of being totally and rapidly biodegradable for cell harvesting. It is made of cross-linked polygalacturonic acid 
(PGA) and can be easily dissolved within 10–20 minutes using an EDTA solution in combination with pectinase, which 
that digests the polymer. Other polymers including dextran, cellulose, collagen, pectin or gelatine could be enzymatically 
digested in a similar way.

Thermal and photo degradation are likely to be less suited for cell culture, as the high temperatures required to thermally degrade 
polymers, or the ultraviolet radiation needed to induce photo-degradation are known to cause protein and DNA denaturation 
and damage. Mechanical forces such as stirring speeds, shaking or fluidization can also be used in combination with chemical 
degradation (enzymatic or non-enzymatic) to facilitate/accelerate the degradation process and reduce the concentration of 
enzymes. Finally, slowly degrading materials compatible with SC culture could also be performed. The use of degradable MCs 
eliminates the need for separation, thereby simplifying the process and resulting in increased cell recovery. The resulting cell 
suspension can be washed and directly used for downstream processing.
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2.2.5.  Food processing and formulation

Harvested cells/tissues are further processed and formulated into a specific type of cell-based food product 
for commercialization. In most cases, this involves the addition of other food ingredients for flavour and in some 
cases, it may involve the addition of preservatives. Different cell types may also be combined (e.g. muscle and fat 
cells) to replicate the structure and texture of conventional meat or meat cells/tissue combined with plant-based 
components to produce blended products. Common techniques to achieve structure and texture in cell-based food 
products include shear-cell technology, extrusion or 3D-printing, depending on the desired final product type (Handral 
et al., 2020). In addition, biopolymers can be used to impart structure to the cell-based meat structure. Ideally, such 
biopolymers are already used during the cultivation stage as a cost-effective means for triggering myotube formation, 
for example, in the final stage of cell cultivation within a scaffold in a fixed bed reactor, following passages through 
stirred and suspension reactors for the multiplication of cells. Alginate (besides many other polysaccharides such as 
carrageenan, pectin, gellan, xanthan, etc.) appears to be an attractive candidate for this purpose as this biopolymer 
can accommodate smaller parts of cultured tissue into a kind of reconstituted meat product. Its gelatinization can 
be induced at low temperatures by the addition or release of calcium ions.

2.2.6.  Potential food safety hazards and concerns

Overview 

Cell-based food production involves various processes, techniques and steps and in some cases, novel inputs, 
meaning added steps, materials, technologies or techniques that have not commonly been used in conventional food 
production (e.g. scaffolds or modified cell properties) can be used. To be able to properly identify potential hazards, 
a generic mapping of potential hazards and concerns is simplified and presented in Table 3.

Scenario 3: Edible microcarriers (MCs) embedded in the final product

MCs composed of edible materials can be embedded in the final product. As opposed to scenario 1 and 2 where MCs are 
considered as a food contact material, in this scenario, MCs should comply with the regulations for use as a food ingredient 
or additive. Edible polymers that can be used as substrates for cell expansion belong to four categories: polysaccharides 
(e.g. starch, alginate, carrageenan, chitosan, cellulose, carboxymethylcellulose, pectin), polypeptides (e.g. collagen, gelatine, 
gluten), lipids (e.g., paraffin, shellac) and composites/synthetics (e.g. PGA, PEG). They have been widely used in the food 
industry as stabilizers, thickeners, coatings and emulsifiers. Less stringent separation methods through sedimentation or 
centrifugation are more relevant in this context. Edible MCs with controllable degradation properties can also be used and 
be partially degraded, remaining in the cell harvest for further processing. The dissociation step can be omitted completely 
when using edible MCs, and the edible polymer to be used as a cell substrate during cell proliferation can be designed to 
enhance or introduce desired properties, such as texture, taste or colour.

Table 3.	 A generic map of potential hazards/concerns in production processes

Source: FAO. 2022. Thinking about the future of food safety - A foresight report. Rome. https://www.fao.org/3/cb8667en/cb8667en.pdf 

Transmission of 
zoonotic infectious 

diseases
Residues and 
by-products Novel inputs Biological 

contamination

1. Cell selection X X X

2. Production X X X X

3. Harvesting X X X

4. Food processing X X X
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Potential hazards/concerns during cell selection

The cell sourcing, isolation and storage steps in cell-based food production may introduce microbial contaminations 
that could be propagated during subsequent production phases. A potential hazard is the transmission of zoonotic 
infectious diseases and foodborne pathogens from the source animal that is used to obtain biopsies, although the 
chances are considerably lower compared with conventional livestock breeding (Treich, 2021). Commonly encountered 
pathogenic bacteria that reside on or in animals and their faeces include Salmonella, Campylobacter, Escherichia 
coli and Listeria, and also of specific importance is the transmission of pathogenic Mycoplasma species (spp.) 
(see 3.6.3). Along with these bacteria other pathogens that might contaminate cell lines are animal-derived viruses 
and parasites (FAO/WHO, 2014; Ong et al., 2021).

To prevent contamination by microorganisms during cell sourcing, isolation and storage, it is common practice to use 
antibiotics (see Boxes 1 and 2) and some of these antibiotics might be used further in the initial cell proliferation phase 
(seed stage). Cryoprotectants are used for cell storage of production cell lines in cell banks. Common cryoprotectants 
used for the cryopreservation of cell lines include dimethyl sulfoxide, (poly)ethylene glycol, trehalose and sucrose 
(Choi et al., 2021), where DMSO has been shown to exert negative toxicological effects (Awan et al., 2020). Antibiotics 
and cryoprotectants are diluted to very low concentrations or washed-out during production scale-up and their 
levels in the final products will be safe for consumption.

Potential hazards/concerns during production 

Cell cultivation is sensitive to microbial contamination and is therefore performed under sterile cultivation conditions. 
Among the bacteria that commonly infect eukaryotic cell lines, Mycoplasma spp. are of chief concern, as several 
Mycoplasma spp. are known human pathogens and they are known to cause crashing of cell culture growth and are 
difficult to eradicate during biomanufacturing (Nikfarjam and Farzaneh, 2012). During manufacturing, contamination 
by other bacteria, yeast and fungi from the production environment can also occur, in particular spore-forming 
bacteria and fungi that are difficult to kill off and can spread easily by air are of concern (Møretrø and Langsrud, 
2017; Snyder et al., 2019). The risk of contamination by viruses and infectious prions may also exist when 
animal-derived serum or animal-derived medium components are used for cell cultivation (Hadi and Brightwell, 2021, 
Ong et al., 2021). While testing or controlling such viruses and infectious prions is a significant challenge, sufficient 
heat processing may provide a solution. To limit the occurrence of contaminations, early detection of infections 
in cell cultures via regular monitoring is critical, as well as following good hygiene practices (GHPs) throughout 
the whole production process, such as common cleaning and sterilization practices for equipment. Replacing 
animal-derived components with non-animal derived components from plants or recombinant sources can also 
reduce the chance of contaminations. As cell cultivation is performed in strictly controlled sterile culture conditions, 
the use of antibiotics is drastically reduced or can be eliminated. It will thereby reduce the risk of human exposure 
to antibiotics as well as the development of antimicrobial resistance. Alternatives to antibiotics to prevent microbial 
contamination could be the use of approved chemical preservatives such as sodium benzoate or other antimicrobial 
compounds (Zidaric et al., 2020).

At the level of the cell lines used, there is a risk of (epi)genetic drift in cell lines due to constant sub-culturing, 
where mutations build up over time that may eventually cause changes in phenotypes (Soice and Johnston, 2021). 
The use of quality-controlled cell banks of cryopreserved cell lines is a way to mitigate the risk of losing cell-line 
fidelity to genetic drift, as well as protecting against the presence of viruses, bacteria, yeast and Mycoplasma spp.

Potential hazards/concerns during harvesting 

Common media used for cell cultivation are complex mixtures of salts, sugars (glucose), vitamins, amino acids, 
organic acids, growth factors and hormones (O'Neill et al., 2021). A substantial part of these chemical and biological 
components and their residues are removed during cell harvesting or destroyed in subsequent processing steps 
(e.g. due to heating). However, harvesting may also introduce enzymes or chemicals, e.g. those that are required 
for the dissociation of microcarriers, including enzymes such as proteases, non-enzymatic dissociation agents 
such as dextran sulphate, N-acetyl-L-cysteine and dithiothreitol, or chelating agents like EDTA (Bodiou et al., 2020; 
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Ong et al., 2021). Of special attention is the use of biological components such as growth factors and hormones from 
animal (serum) or non-animal origin, as these biologically active molecules might interfere with the metabolism or 
have been associated with the development of certain cancers (Ong et al., 2021). Harvesting is also a step that can 
introduce microbial contamination, and harvesting methods should be designed in a way that minimizes the chance 
of microbial contamination (Box 4).

Potential hazards/concerns during food processing and formulation

To process cultivated cells or tissues into cell-based food products for consumption, they are formulated with 
other ingredients and additives to improve e.g. the structure, texture, taste, colour or shelf-life of the end product 
(Zhang et al., 2020; Zhang et al., 2021). This can be edible and biocompatible microcarrier or scaffolding material 
that was already included for cell proliferation and differentiation, or e.g. binders, flavour agents and preservatives 
that are added after harvesting. These ingredients may exert an allergenic effect, and the allergenicity of the 
components of the cell-based food products is therefore an important factor for assessment. The cell line used might 
also have allergenic potential by itself, which in particular is the case for cell lines from fish or shellfish (Hallman and 
Hallman, 2021). Moreover, ingredients added to improve product characteristics, such as wheat gluten/hydrolysates, 
soy protein or milk components might be the cause of allergic reactions. All additives, ingredients, nutrients and 
all other substances added will need to be approved for application (e.g. considered to be safe and allowed for 
the specific cell-based food) and all applicable food labelling requirements will apply (including allergen labelling). 
As in the other stages of cell-based food production, potential microbiological hazards also exist during food 
processing, which should be minimized using GHPs.

Oxidation processes (such as lipid oxidation) or unwanted biological degradation through enzymatic or thermal 
action can also occur during the processing and storage of cell-based food products, and the formation of undesired 
by-products resulting from such processes therefore should be limited (Fraeye et al., 2020).

©FAO/Oded Antman
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2.3.  Discussion

Technological developments for cell-based food products have matured in recent years, but have not yet reached 
the point of large-scale production or commercialization in most countries. Although the common steps of the 
production process can be identified in the four major steps (Box 1), each product may employ different cell source, 
scaffold/microcarrier, culture media composition, cultivation conditions and reactor design. Therefore, it is possible 
that a case-by-case approach is suitable for the food safety assessment of cell-based food products. While there 
are many existing tools that can be useful for safety assessment, additional steps may be employed for some 
particularly novel processes or products. Therefore, with cell-based food products, it is important to focus on the 
significant differences from existing foods, so that effective methodologies to assess the safety of all elements 
can be established. Figure 5 shows some potentially new food safety hazards or concerns at different phases of 
cell-based food production.

Based on the literature review, the majority of the potential food safety hazards in the cell-based food production 
process, such as microbiological contamination and residue issues, are not new. For such common food safety 
hazards, there are many risk-mitigating tools available, such as good hygiene, manufacturing, cell-culture, and 
hazard analysis and critical control points practices (HACCP), as well as the general principles and methodologies 
for the end-product whole food safety assessment (FAO, 2009). Thus, it is important to learn from various past 
experiences and consider an effective application of the risk analysis paradigm (Ong et al., 2021). In adopting several 
established safety assessment methodologies and detection methods from a range of disciplinary fields, such as 
pharmaceuticals and food biotechnologies including both conventional and modern technologies, various hazards 
can be systematically identified, and relevant safety assessments can be appropriately conducted. It is important 
that these methodologies are also validated for the new matrices that are presented by the cell-based food products.

Figure 5.	 Examples of potential food safety hazards and concerns at different phases of cell-based 
food production

Source: Authors' own elaboration.
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Many countries have not yet experienced an urgent need to conduct food safety assessments of cell-based food 
products (FAO, 2022). However, it is important for the competent authorities to be prepared and to start dialogues 
with the various stakeholders including consumers, the private sector, civil society, partner agencies and policy 
makers. For low- and middle-income countries, it is also important to initiate the assessment of the technical capacity 
to ensure the safety of cell-based food products as they may benefit from having dialogues with other countries 
and international organizations to learn from their experiences and to obtain technical assistance. Engaging in the 
relevant global discussions is recommended for all countries, as shared information and data can only contribute to the 
global good, with no duplication of efforts.

Active and transparent communications through public-private collaboration are crucial, not only to better prepare 
industries and governments, but to maximize the effectiveness of their safety assurance programmes. If the 
competent authorities can provide clear food safety guidelines for the private sector, this would enable and promote 
the Safe-by-Design approach to jointly aim at ensuring the food safety of cell-based food production, where this 
approach aims to address safety issues as early as the R&D and design phases of new technologies (van de Poel 
and Robaey, 2017).

3.  Regulatory frameworks

3.1.  Introduction

In many countries, the commercialization of food produced using innovative technologies may require regulatory 
authorization before food items enter markets. For this pre-market authorization, various assessments, including 
a food safety assessment, compliance assessment, environmental assessment and some other socioeconomic 
assessments, are conducted by the relevant competent authorities. Because food safety is one of the key interests 
for consumers, food safety competent authorities often play an important role in this process to ensure that their 
regulatory frameworks are sufficient and appropriate to cover the safety assurance of such innovative food products. 
The majority of the legislative texts and regulations related to food are based on food safety risks, nutrition and 
consumer concerns; therefore, if newly identified hazards or concerns exist for novel food technologies, adjustments 
to such legal documents will be necessary.

In recent years, many innovations in food production have focused on the so-called “protein transition”, where 
more sustainable ways of producing animal proteins and alternative non-animal proteins are sought, in order to 
accommodate the increasing demand for animal products and ensure global food security (Aiking and de Boer, 
2020; Henchion et al., 2021). Cell-based food production that makes use of in vitro cultivation of animal cells is 
one of the main technological developments for this. In addition, the production of analogues of specific animal 
proteins, such as milk or egg proteins, can be done using microbial production platforms. The first development of 
such products was presented to the general public in 2013, when researchers from the Netherlands presented the 
first cell-based beef burger (so called “lab-grown” beef burger) (BBC News, 2013). In December 2020, chicken 
nuggets containing cell-based chicken became the first commercialized product of the kind, after market approval 
in Singapore (Carrington, 2020). On a wider scale, the research and development of analogues of animal products, 
such as meat, poultry, seafood, dairy, and eggs produced through cell-based technologies has been advancing 
quickly in recent years and a large number of companies are developing similar products in over 22 different 
countries (Byrne, 2021). 

Considering the rapid development in the area of cell-based food, it is important that national competent authorities 
are prepared for market entry of these products in their jurisdictions and have adequate regulatory frameworks 
in place. In addition to the core food safety assessments, regulatory considerations may be necessary for other issues 
such as labelling, consumer preference/acceptance, ethical or religious aspects of cell-based food products.
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One of the key roles of FAO is to provide science-based policy advice to its Members, particularly to the low- and 
middle-income countries with an expressed need for such technical assistance. This chapter provides an overview 
of the state of the art in various regulatory frameworks for animal cell-based food, and food safety is the core area  
of interest of this document. The country examples introduced in the document do not mean they have been endorsed 
by FAO, but they simply mean that such information has been made available. For other countries, this information 
was not publicly available or not presented in English, and therefore information from such countries has been 
excluded for the scope of this chapter. The information provided here was updated until March 2022.

3.2.  Literature synthesis results

3.2.1.  Regulatory frameworks and authorization for market entry

Market entry of cell-based food products may require authorization on different levels and the authorization may 
include a food safety assessment of the cell-based food product, approval of planned and implemented quality 
controls, assurance protocols for the production process and the use of approved labelling of the products. 
The essential elements for an effective regulatory framework for cell-based food are still a matter for considerations 
in many countries. In the following sections, the current status of general and specific regulatory frameworks for 
cell-based food products is discussed for countries and economic zones where this information is available. 
These cases are listed in alphabetical order and then summarized in Table 4. Available information on regulatory 
frameworks for the countries presented here does not always cover the same topics, and certain topics are 
therefore not discussed in some cases, such as regulations for labelling or the use of genetic modification for 
food production.

©FAO/Oded Antman
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Table 4.1 Developments in different countries relevant for cell-based food products and their safety

Country / 
economic 
zone

Competent authority Legislative/ 
standard-setting bodies

Cell-based food product 
on the market? 

(until 1 March 2022) 

Cell-based 
food-specifically 

addressed in food safety 
regulations and/or safety 
guidelines/instructions? 

(until 1 March 2022)

Australia and 
New Zealand

Food Standards Australia 
New Zealand

Food Standards Australia 
New Zealand, “Ministry for 
Primary Industries”

No No

Canada Health Canada Health Canada No No

China National Center for Food 
Safety Risk Assessment

Food Safety Committee 
of the State Council

Unknown No

European Union /
European 
Economic Area /
United Kingdom 
of Great Britain 
and Northern 
Ireland

European Food Safety 
Authority (European Union) 
/ Federal Food Safety 
and Veterinary Office 
(Switzerland) / 
Mattilsynet (Norway) / 
Matvælastofnun (Iceland) / 
Food Standards Agency SA 
(United Kingdom of Great 
Britain and Northern Ireland)

European Parliament, 
Council, European 
Commission, national 
ministries, Food Standards 
Agency (United Kingdom of 
Great Britain and Northern 
Ireland)

No Yes

India Food Safety and Standards 
Authority of India

Food Safety and Standards 
Authority of India

No No

Israel National Food Service Ministry of Health No No

Japan Food Safety Committee Ministry of Health, 
Labour and Welfare
Ministry of Agriculture, 
Forestry and Fisheries

No No

Qatar Ministry of Public Health Qatar General 
Organization for Standards 
and Metrology and Gulf 
Cooperation Council 
Standardization
Organization

No No

Singapore Singapore Food Agency Singapore Food Agency Yes

Chicken nuggets and 
processed comminuted 

poultry products 
containing cell-based 

chicken

Yes

United States 
of America

Food and Drug Adminis-
tration / United States of 
America Department of 
Agriculture Food Safety 
Inspection Service

Food and Drug Adminis-
tration / United States of 
America Department of 
Agriculture 

No Yes

Source: Authors' own elaboration.
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3.2.2.  Australia and New Zealand

Food Standards Australia New Zealand (FSANZ) is the agency that draws up the standards for the regulation of 
the use of food ingredients, additives and processing aids in Australia and New Zealand. Its Food Standards Code 
also covers the composition of dairy, meat and beverages as well as foods developed by new technologies, 
such as genetic modification. FSANZ is responsible for some labelling requirements for packaged and unpackaged 
food, including specific mandatory warnings or advisory labels.

FSANZ also develops Australia-only primary production and processing standards. FSANZ deals with new types of 
foods, including foods produced by new technologies, but its Food Standards Code does not contain permissions or 
requirements for cell-based meats (FSANZ, 2021). The Food Standards Code defines a novel food as a non-traditional 
food that requires an assessment of the public health and safety considerations, whereby non-traditional food means: 
(a) a food that does not have a history of human consumption in Australia or New Zealand; or (b) a substance derived 
from a food, where that substance does not have a history of human consumption in Australia or New Zealand 
other than as a component of that food; or (c) any other substance, where that substance, or the source from which 
it is derived, does not have a history of human consumption as a food in Australia or New Zealand (FSANZ, 2017). 

FSANZ indicates that cell-based meats would be covered by the existing standards in the Food Standards Code 
and require pre-market approval in the future (FSANZ, 2021). Depending on the composition of cell-based meats, 
these standards may include those for: (i) novel foods - foods without a history of traditional human consumption in 
Australia and New Zealand; (ii) processing aids – substances used to produce foods but which serve no technological 
function in the final food for sale; (iii) food additives – substances that serve a technological function in the final 
food for sale; (iv) foods produced using gene technology; (v) vitamins and minerals; (vi) labelling that indicates 
the true nature of the food; (vii) definition of cell based meat and (viii) food safety requirements.

3.2.3.  Canada

Health Canada and the Canadian Food Inspection Agency are the federal authorities responsible for the regulations 
dealing with foods sold in Canada, including novel foods. Health Canada is responsible for establishing the 
standards and policies governing the safety and nutritional quality of foods and developing labelling policies 
related to health and nutrition. The Canadian Food Inspection Agency develops standards related to the packaging, 
labelling and advertising of foods, and handles all inspection and enforcement duties. Health Canada controls the 
sale of novel foods in Canada via a mandatory pre-market notification requirement, as set out in Division 28 of 
Part B of Canada’s Food and Drug Regulations (Canada, 2021). Health Canada’s guidelines for the assessment of 
novel foods are grounded in the internationally harmonized principles for the comparative safety assessment 
of foods derived from recombinant DNA organisms as outlined by the Codex Alimentarius Commission, FAO, 
the World Health Organization (WHO) and the Organisation for Economic Co-operation and Development (OECD) 
(Health Canada, 2021). 

According to the Canadian regulations, a novel food means: (i) a substance, including a microorganism, that does 
not have a history of safe use as a food; (ii) a food that has been manufactured, prepared, preserved or packaged 
by a process that has not been previously applied to that food, and causes the food to undergo a major change; 
and (iii) a food that is derived from a plant, animal or microorganism that has been genetically modified such 
that the plant, animal or microorganism exhibits characteristics that were not previously observed in that plant, 
animal or microorganism, the plant, animal or microorganism no longer exhibits characteristics that were previously 
observed in that plant, animal or microorganism, or one or more characteristics of the plant, animal or microorganism 
no longer fall within the anticipated range for that plant, animal or microorganism. To the authors’ knowledge, 
no cultured meat product has passed through the Canadian novel food procedure yet, whilst these products appear 
to fall within three domains of novel food classification: no history of use, novel process, and possibly genetically 
engineered (Suresh, 2018).

The procedure for authorizing a novel food involves a pre-market notification in writing to the government which 
should include (amongst other things) the following information regarding the novel food: (i) the common name 
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under which the novel food will be sold; (ii) a description of the novel food, together with details of the methods 
for manufacturing, preparation, preservation, packaging and storage, details of the major change (if any), information 
on its intended use and directions for its preparation, information demonstrating its history of use as a food in a 
country other than Canada (if applicable), and information that establishes that the novel food is safe for consumption; 
(iii) information on the estimated levels of consumption by consumers of the novel food; and (iv) the text of all 
labels to be used in connection with the novel food. 

In addition, along with Health Canada oversight, Environment and Climate Change Canada (ECCC) and Fisheries 
and Oceans Canada (FOC) also have responsibilities for ensuring that novel products respect all environmental 
responsibilities. Other regulations that could apply to cell-based food products are the New Substances Notification 
Regulations (NSNR) under the Canadian Environmental Protection Act, 1999 (CEPA) (Cellular Agriculture Canada, 
2021). The CEPA sets toxicity criteria to ensure that no new substances are introduced into Canadian commerce 
before their potential risk to human health and the environment has been assessed. ‘Substance’ is defined by 
the CEPA as any distinguishable kind of organic or inorganic matter, whether animate or inanimate, and includes 
chemicals, biochemicals, polymers, biopolymers, and living organisms. The NSNR is divided into two separate sets of 
new substances provisions: new living organisms (e.g. bacteria, viruses, cells) are subject to the NSNR (Organisms), 
while new chemicals and polymers are subject to the NSNR (Chemicals and Polymers). Substances that are not 
listed on the Domestic Substances List (DSL) are considered new substances and may require notification under 
the NSNR prior to being imported into or manufactured in Canada. For the cell-based meat industry this means 
that cultured cells, if not already on the Domestic Substances List, would most likely be subject to the NSNR 
(Organisms). Tissues that are generated through cell culture, as well as substances used in the cellular agriculture 
process, would likely be subject to NSNR (Chemicals and Polymers).

3.2.4. China

In China, cell-based food would fall under the definition of “new food raw materials” as defined by the Administrative 
Measures for the Safety Review of New Food Raw Materials (NHFPC, 2013). As stated in Article 2, the term “new food 
raw materials” refers to the following items which are not of traditional eating habits in China: (1) animals, plants 
and microorganisms, (2) ingredients extracted from animals, plants and microorganisms, (3) food ingredients 
the original composition of which has been changed, and (4) other newly developed food raw materials. The safety 
of these new food raw materials needs to be reviewed by the National Center for Food Safety Risk Assessment, 
before approval of their use in food production and trading (CIRS, 2021).

3.2.5.  The European Union, the European Economic Area and the United 
Kingdom of Great Britain and Northern Ireland

The preamble to the Novel Food Regulation (European Union) No. 2015/2283 (European Union, 2015) explicitly 
mentions that its scope includes food from the culture of cells or tissues from animals, plants, and microorganisms, 
fungi or algae. This aligns with the notion that cell-based foods and the processes for manufacturing them lack 
a history of substantive and safe consumption within the European Union. Regulatory approval and inclusion in the 
Catalogue of approved novel foods will therefore be needed before cell-based foods can be sold within the European 
Union. The approval procedure requires that companies wishing to market a novel food submit an application 
dossier containing, amongst other things, a safety dossier (EFSA Panel on Dietetic Products et al., 2016). Besides 
data from original safety studies, these dossiers may also contain literature and other existing data to support the 
application. The latter would conceivably apply to product components that are food-grade (e.g. certain natural 
biopolymers used for scaffolding) or that have a substantial history (25 years) of consumption or traditional use 
in a country outside the European Union (European Union, 2015; Seehafer and Bartels, 2019).

Moreover, any food should be safe, novel or not, and its labelling should not be misleading, and if it replaces a 
particular existing product, this replacement should not be nutritionally disadvantageous to the consumer, for which 
data would need to be provided. The safety of the particular products is then assessed at a centralized European 
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level by experts in a scientific Panel of the European Food Safety Authority (EFSA), which specifically advises 
the European Commission on matters of food safety, including that of regulated products such as novel foods. 
The Commission can then take a decision (or propose it to the regulatory European Union bodies) to approve a product 
for entry into the European Union market.

Besides novel foods, also other sectors of legislation may also be applicable in the European Union. For example, 
genetic modification may have been used to produce improved cell lines for cell-based food production. In that 
case, the products should also comply with legislation on genetically modified products, such as the GM Food 
and Feed Regulation (European Union) No. 1829/2003 (European Union, 2003) according to which a pre-market 
safety assessment will be required. In addition to these rules on novel and GM foods, generic rules on food hygiene 
and safety, also within production environments apply, such as good manufacturing practices (GMP) and hazard 
analysis and critical control points (HACCP) rules.

Labelling rules apply, but Seehafer and Bartels (2019) note that in the absence of specific European Union provisions, 
the national legislation of Member States will have to fill this gap for the time being, and labelling rules are delegated 
to member states (Seehafer and Bartels, 2019). The European Commissioner has in several instances alluded to 
the possibility of invoking labelling provisions at the European Union level to ensure that consumers are informed 
about the nature of these products (Parliament, 2018; Parliament, 2019). As for the United Kingdom of Great Britain 
and Northern Ireland, it has retained European Union legislation on novel foods, including its risk assessment 
and decision-making procedures, although these take place at the national level as of May 2021 (except for Northern 
Ireland, which continues to abide by European Union rules and procedures for authorization) (FSA, 2020).

3.2.6.  India

In India, according to the Food Safety and Standards (Health Supplements, Nutraceuticals, Food for Special 
Dietary Use, Food for Special Medical Purpose, Functional Food and Novel Food) Regulations (2016), a novel food 
is defined as a food that: (a) may not have a history of human consumption; or (b) may have any ingredient used 
in it which or the source from which it is derived, may not have a history of human consumption; or (c) a food or 
ingredient obtained by using new technology with innovative engineering processes, where the process may give 
rise to significant change in the composition or structure or size of the food or food ingredients, which may alter 
the nutritional value, metabolism or level of undesirable substances (FSSAI, 2016). Cell-based foods would fall 
under these definitions. For novel foods like cell-based foods to be manufactured and sold in India, approval is 
required from the Food Safety and Standards Authority of India (FSSAI) for which the procedure is laid out in the Food 
Safety and Standards (Approval of Non-Specified Food and Food Ingredients) Regulations, 2017 (FSSAI, 2017). 
Other regulations that are likely to play a role include, amongst others, general quality assurance and hazard 
management systems and good hygiene and manufacturing practices, as well as e.g. laws against animal cruelty 
(Kamalapuram et al., 2021).

3.2.7.  Israel

In Israel, the National Food Service at the Ministry of Health is responsible for assuring the safety, quality, and 
authenticity of food for consumers. The safety assessment standards and laws are to a great extent harmonized 
with those of the European Union, and Israel’s risk assessors will also take into consideration the assessments 
of the safety bodies of the European Union, the United States of America, Canada, Japan and the Australian and 
New Zealand bodies, which can help fast-track the national application (AgroChart, 2016).

Cell-based food is considered to be a novel food under Israeli legislation (Gross, 2021). Novel Food in Israel is 
defined as food that had not been consumed to a significant degree by humans in Israel before 19 February 2006, 
when the first Regulation on novel food in Israel came into force. The pre-market authorization process in Israel 
is outlined in its novel food regulation framework (Israel Ministry of Health, 2015). This framework defines novel food 
as a food or food ingredient that falls into at least one of the following criteria and which is not classified as a food 
additive, a food supplement, a processing aid or a food flavouring:
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1.	 Is of a novel primary molecular structure or has undergone an intentional alteration in its primary molecular 
structure, for which there is insufficient history of safe human consumption before February 2006.

2.	 It contains a genetically modified organism or a part thereof.
3.	 It contains a plant, animal, microorganism, fungi or algae, or derived from these, for whom there is insufficient 

history of safe human consumption.
4.	 It was manufactured in a process which was not used in Israel for the manufacturing of this specific food or 

food component, and this process has led to a substantial change in the composition of the food, its structure 
or components, and has affected its nutritional value, its metabolic qualities or the level of undesired 
substances in it.

More information on regulatory developments can be found in Israel’s case study (see Section C).

3.2.8.  Japan

Cell-based meat marketing in Japan is expected to become operational in late 2022 (Ferrer, 2021), and part of the 
cell-based meat landscape in Japan has its roots in the do-it-yourself biology (DIY Biology) movement carried out 
by young scientists, represented in the media wearing futuristic apparel, and guided by “open science” principles 
(Hanyu, 2021). Japan has not yet communicated any new food regulations or standards that explicitly address 
a regulatory framework for cell-based meat (Ettinger and Li, 2021).

However, some general basic requirements from the existing food legislation are likely to apply, such as Article 3 
of the Japanese Food Sanitation Act that requires that food business operators shall take necessary measures 
to ensure the safety of the food for sale for human consumption, and Article 7 that states that “when things which 
have not generally been served for human consumption and have not been proven to be unlikely to cause harm 
to human health or things including those things have newly come to be sold or are going to be sold as food, 
the Minister of Health, Labour and Welfare may prohibit the sales of those things as food, by hearing the opinions 
of the Pharmaceutical Affairs and Food Sanitation Council, when the Ministry of Health, Labour and Welfare finds 
it necessary to prevent food sanitation hazards” (Japanese Law Translation, 2022).

A technical working group within the Japanese Ministry of Agriculture, Fisheries and Food has recently started 
developing strategies for various types of alternative protein sources (replacing animal products), such as plant- 
and insect-based substitutes but also cell-based meat. Besides regulations, these strategies also consider other 
aspects, such as research policy, public-private partnerships, consumer acceptance, and food security. The 
establishment of the Food Tech Research Group in April 2020 has been instrumental in gathering the perspectives 
from government agencies, research institutions, and industrial players. 

3.2.9.  Qatar

According to recent news reports, Qatar will host a cultured chicken meat production facility which is to become 
operational shortly, a first of its kind for the Middle East and North African region. Whilst an export licence may 
have been granted, Qatar’s Free Zone Authority and Ministry of Public Health also intend to grant regulatory approval 
for the new product (Business Wire, 2021). For the regulatory risk assessment of novel foods, the Gulf Standardization 
Organization, of which Qatar is a member, developed a guideline for novel food products. More information on the 
regulatory developments can be found in Qatar’s case study (see Section C).
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3.2.10.  Singapore

In Singapore, chicken nuggets containing cell-based chicken have been granted regulatory approval and marketed 
since 2020 and a novel food regulatory framework was established by the Singapore Food Agency (SFA) in 2019. 
The SFA states that alternative proteins generally refer to proteins derived from sources other than animal protein. 
Some forms of alternative proteins, such as “cultured meat”, are considered to be a novel food as they do not have 
a history of being consumed by humans as food (SFA, 2020). Cultured meat refers to “meat developed from animal 
cell culture, where the process to produce cultured meat involves growing the selected cell lines (or stem cells) 
in a bioreactor. These cells are grown in a suitable growth media, and subsequently onto a ‘scaffold’ to produce 
products resembling meat muscle”.

Under Singapore’s regulatory framework for novel foods, companies producing novel food products are required 
to conduct and submit safety assessments of their products for the SFA’s review before they are allowed to be 
put on sale. In order to facilitate this process, SFA has released a document on the food safety information that 
would be required for novel food safety assessment (SFA, 2021a). The information should cover potential food 
safety risks, such as toxicity, allergenicity, the safety of its production method, and dietary exposure arising from 
consumption. Companies must also provide detailed information on the materials used in their manufacturing 
processes and how these manufacturing processes are controlled to prevent food safety risks.

In particular, the SFA notes that the science for producing cultured meat is still at an early stage. The specific 
requirements for information that should be submitted for the safety assessment of cultured meat are 
included in the SFA guidance (SFA, 2021), but the SFA notes that information required may change based on 
the developments on the science of producing cultured meat The SFA may also accept, for its own review, 
safety assessment reports conducted by food safety authorities in other countries, such as Australia, Canada, 
New Zealand, Japan, the European Union and the United States of America, provided these assessments have 
been conducted in conformity with reference documents from the authorities in the United States of America, 
EFSA or FAO/WHO. 

To ensure that the safety assessments provided by applicants are rigorously reviewed, the SFA has established 
a Novel Food Safety Expert Working Group to provide scientific advice. The expert working group comprises 
experts specializing in food science, food toxicology, bioinformatics, nutrition, epidemiology, public health, genetics, 
carcinogenicity, metabolomics, fermentation technology, microbiology and pharmacology.

The SFA also emphasises the importance of engaging companies in the novel food regulatory framework even 
when the companies are in the early stages of their research, as this will help companies prioritize resources 
towards productive research directions which will minimize compliance costs and time. To this end, the SFA 
introduced Novel Food Virtual Clinics in September 2021.

Regarding labelling, SFA requires that cell-based meat products be labelled such that their nature can be clearly 
conveyed to consumers, with terms such as “cultivated meat”, “cell-based meat” or “cultured meat” (SFA, 2021). 
More information on regulatory developments can be found in Singapore’s case study (see Section C).

3.2.11.  The United States of America ©FAO/Oded Antman
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3.2.11.  The United States of America

In the United States of America, jurisdiction over cell-based human food products is dependent on the animal from 
which developers derive the cultured cells. The FDA will have sole responsibility for the oversight of human foods 
derived from animals other than livestock, poultry, or siluriformes fish. This includes all foods derived from the 
cells of seafood (except siluriformes fish). The FDA also has sole jurisdiction over the production of all cell-based 
foods for animals, such as pet-foods and other animal feeds, regardless of the source of the cells.

The FDA and the United States Department of Agriculture’s Food Safety and Inspection Service (USDA-FSIS) 
have established a joint regulatory framework for the oversight of human food products derived from livestock, 
poultry, and siluriformes fish (FDA, 2019). Under this agreement, the FDA will oversee the initial stages of production, 
including the collection, banking, growth and differentiation of cells for livestock, poultry, and siluriformes fish. 
A transition from FDA to USDA-FSIS oversight will occur at the time of harvest. The USDA-FSIS will then oversee 
the processing, packaging, and labelling of the resulting meat and poultry products. For foods comprising 
cultured seafood (other than siluriform fish) or game meat cells, the FDA will oversee processing, packaging and 
labelling in addition to the culture process.

Developers of cell-based products should complete a pre-market consultation with the FDA, which will typically 
address the processes used and the resulting products, including the biological materials used. If these consultations 
on the safety of the cell-based product are successful and once commercialization has begun, the FDA will 
initiate inspections for the production process of products under its exclusive jurisdiction. However, developers of 
cell-based food derived from livestock, poultry, and siluriformes fish must take the additional step of applying for 
a USDA-FSIS grant of inspection. Upon issuance of a USDA-FSIS grant of inspection, FDA will initiate inspections 
for the production process of cell-based meat or poultry products and the USDA will, at the time of harvest, 
initiate inspections at a frequency similar to those for traditional meat and poultry. Developers must also ensure 
that sanitation and quality control procedures (e.g. HACCP) are in place for the production.

The labelling of poultry and meat is within the USDA’s remit, whilst that of seafood (siluriformes species not included) 
is within that of the FDA. Both agencies are jointly pursuing a consistent labelling policy for animal food products 
derived from cultured cells and both agencies have announced their intention to address the labelling of these 
products. The FDA published a “Request for Information” in October 2020 in which it requests comments for “the 
labelling of foods comprising or containing cultured seafood cells.” The FDA intends to use the information and data 
resulting from this notice to determine what type(s) of actions, if any, the agency should take to ensure that these 
foods are properly labelled (FDA, 2020). The FSIS did so through an “Advance Notice of Proposed Regulation (ANPR)”, 
while noting that the proposed labels for cell-based products comprising livestock or poultry cells will be subject 
to a pre-market review (FDA, 2020, USDA, 2021). Notably, the FSIS ANPR draws a parallel with two historic cases 
of advanced meat separation techniques applied to poultry for the production of boneless “separator” meat. In a 
first case for Mechanically Separated Poultry (MSP), a new standard of identity was established by the USDA-FSIS 
as physical form, texture, and ingredients (e.g. bone content) of these Mechanically Separated Poultry products 
were considered materially different from those of other boneless poultry products produced by hand deboning 
techniques. In a second case for new meat products derived from advanced meat recovery, the USDA-FSIS did not 
impose a new labelling requirement, as advanced meat recovery meat was considered comparable to meat derived 
by hand deboning in terms of its composition, appearance, and texture, so long as it was produced in accordance 
with the regulations. Instead, compositional requirements were set and the legal definition of meat modified so 
as to clarify that boneless meat products (such as advanced meat recovery meat) were not allowed to contain 
significant portions of bone or bone components.

The USDA used its ANPR to solicit comments on questions as to whether terms are needed to discern cell-cultured 
products from others, which terms should be in the product name of a food containing animal cells, which terms 
could be potentially misleading if names refer to the form of a meat or poultry product (e.g. fillet, steak), and which 
names might have a negative impact on consumers and industry. It also asked if the legal definitions of meat and 
poultry products should be amended so as to include or exclude foods derived from cultured animal cells. These 
issues of regulation and safety in the ANPR thereby also addressed the various aspects identified by the scientific 
investigations into the impact of naming of these products on acceptance and on interpretation accuracy.
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3.2.12.  Legislation in relation to religious laws and regulations

As mentioned by Bhat et al. (2019), cell-based meat does not involve slaughtering a large number of animals, and 
could therefore be considered to be free of any ritual link such as halal, kosher or Jhatka. However, the initial source 
of the cells and biopsies for starting cell cultures will certainly have an impact on the perception and decision 
of consumers (Bhat et al., 2019). If the culture medium and initial cells were halal (e.g. myoblasts and media taken 
from animals considered halal or animal-free media), the developed cell-based meat may be allowed by Islamic 
law, according to some Muslim scholars (Billinghurst, 2013). Likewise, if the initial cells were taken from a kosher 
animal slaughtered according to Jewish law, the developed product may be considered kosher (foods considered 
permissible by Jewish dietary laws), according to several rabbis. A recent decision on the kosher status by some 
rabbis declared that “cultured meat” products derived from embryonic stem cells (ESCs) taken from a bovine 
blastomere/blastula is considered “Kosher Parve” – e.g. not meat per se – and as such can be eaten together 
with dairy (Greenwood, 2022). A consensus on these issues does not yet exist, due to the different nature of the 
religious certifying bodies (JTA 2018; Kenigsberg and Zivotofsky, 2020; Shurpin, 2018). 

3.2.13.  Other potentially relevant legislation and regulations

Besides food safety-related legislation and regulations, there may be other regulatory elements that could be of 
concern for cell-based food production. For cell sourcing and isolation, there may be relevant legislation related to 
taking biopsies from live or dead animals, and this could involve animal welfare issues. In addition, isolated cells 
might be stored in cell banks for which regulations exist in several countries (EMA, 1998; FDA, 2010). Cell-based 
food production might also produce new types of biological or chemical by-products and waste, for which 
specific regulations apply, such as environmental legislation. Furthermore, by-products might also be used in feed 
applications if they meet the feed safety requirements.

3.3.	 Discussion

Cell-based food production technologies have matured over the years and commercialization of these products 
has been initiated in a limited number of countries, while market introduction is expected in other countries in the 
coming years. Considering the fast global developments in cell-based food production, countries may wish to be 
well prepared in order to have the necessary regulatory frameworks, bodies and infrastructure in place for assessing 
the safety of cell-based food products and production processes, as well as legislation developed for accepted 
terminologies and labelling requirements for marketing these products. 

Analysis of the global developments in the regulation and risk assessment of cell-based food products indicates that, 
in most countries, cell-based foods can be assessed within existing novel food regulations. Singapore has already 
made amendments to its novel food regulations to specifically include cell-based foods (cultured meat), while the 
United States of America has drawn up a formal agreement for food made from cultured cells of livestock (including 
siluriformes fish) and poultry that addresses safety and labelling requirements. In addition, the USDA has stated 
its intent to draw up regulations on the labelling of meat and poultry products derived from animal cells. This new 
labelling regulation is being prepared via a public process consistent with United States of America agency practices 
for rulemaking. Consistent with the USDA/FDA formal agreement, the FDA has also requested information on labelling 
of foods comprising or containing cultured seafood cells to determine what type(s) of actions, if any, the agency 
should take to ensure that these foods are properly labelled.

The labelling of cell-based food products in most countries is expected to be clear, understandable and not misleading 
for consumers and to be distinguishable from related products, such as conventional meat or fish or plant-based 
meat replacers. No regulations seem to exist worldwide for the designation of the modifier part of “cultured meat”, 
but there are restrictions in many countries for the “meat” part. In some countries, terms related to conventional meat 
or meat products will not be allowed, such as in Germany and France, while Singapore has indicated that meat terms 
will be allowed with suitable qualifying terms, and in the United States of America and other countries this is still 
a matter of debate.
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Other legislative acts that may be of importance include religious food laws, legislation on biopsies, animal welfare 
legislation, and environmental regulations for the removal of “cultured” meat production waste (Stephens et al., 2018). 
Opinions from Muslim and Jewish religious scholars indicate that cell-based meat products might be labelled as 
halal or kosher respectively, and therefore these products adhere to some of the existing religious laws, which is 
an important factor for manufacturing and marketing cell-based foods in certain countries. However, some others 
are also stating that such labelling depends on exactly what cells and materials have been used during the entire 
process of the production; thus a case-by-case approach may be appropriate or the establishment of some standards 
that could guide regulators.

These developments can serve as examples for other countries to decide whether assessment of cell-based food 
products is possible within their existing and relevant food regulations, or if specific regulations need to be developed 
for cell-based food products for which they can provide information on what elements might be important to 
include in novel food legislation. To set up the regulatory frameworks, it is also important for the competent 
authorities to do so in a transparent dialogue with various stakeholders, including consumers, the private sector, 
civil society, partner agencies and policy makers (FAO/WHO, 2016).

At its 44th session in November 2021, the Codex Alimentarius Commission discussed this important topic with 
the paper prepared by FAO and WHO, entitled “New food sources and production systems: need for Codex attention 
and guidance?” (Codex Alimentarius, 2021). During the session, while a number of emerging issues relevant to food 
safety, such as seaweed, microalgae, edible insects, protein alternatives and 3-D printed foods were highlighted, 
cell-based food was also included as an option to be included in the scope of future discussion. The Codex Executive 
Commission is currently analysing the submitted information from the Members and observers on the issues 
so that the future direction of the potential work by the Codex can be determined (Codex Alimentarius, 2022).

There is currently a limited amount of information and data on the food safety aspects of cell-based foods to 
support regulators in making informed decisions, and therefore active and global data-sharing is desired to employ 
an evidence-based approach to prepare any necessary regulatory actions. For low- and middle-income countries, 
it may be of benefit to start dialogues with other countries and international organizations to learn from their 
experiences and to obtain technical advice and assistance, in order to develop a significant capacity for the safety 
assurance of cell-based food products. It is also important to discuss these matters on a global scale and to 
share experiences and good practices, as this can contribute to strengthening appropriate and effective regulatory 
frameworks with no duplication of efforts.

©FAO/Oded Antman
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Figure 6.	 Global investments in cell-based food products in 2021

The rest of the world
USD 899 million

Israel
USD 507 million

36%64%

Note: Thirty-six percent of global investments made in cell-based food businesses during 2021 were in Israeli companies, and particularly in two companies.

Source: GFI (Good Food Institute). 2022. Israel State of Alternative Protein Innovation Report. GFI Israel. https://gfi.org.il/resources/israel-state-of-alternative 
protein-innovation-report-march-2022/

Cell-based food start-ups in Israel are increasingly drawing attention away from established, traditional food 
manufacturers in Israel and abroad. Several large traditional food manufacturing companies have teamed up with 
start-ups from both the food and agrotech sectors as well as from the pharma sector, to evaluate and develop 
technologies to produce cell-based food products. These collaborations and investments are indicative of the booming 
start-up scene within Israel.

Recently, the industry has been launching more public relations campaigns within various media platforms, through 
mainly online and on social media. These campaigns emphasize the advantages of cell-based food products, when 
compared to traditional animal-derived food products, in multiple environmental performance indices. The campaigns 
focus on the sustainable, ethical and humane aspects of cell-based food production and are directed at environmentally 
conscious consumers aiming to reach not only vegans and vegetarians, but also flexitarians. The legislation concerning 
labelling in Israel directly addresses the claims related to environmental advantage, since labelling legislation covers 
any and all publications related to the food product. These claims, therefore, must be truthful, accurate and verifiable 
before cell-based food products can be placed on the Israeli market.

Generally speaking, the Israeli consumer is quite liberal and open to trying innovative technologies and novel foods, 
yet there is no formal consumer research on the topic of cell-based food. There is a growing need for research in this 
field that can evaluate the acceptance rates in the general population and in specific sub-populations, and that can 
allow for estimates of how much the general public might consume. The NFS is in the process of designing a study 
to offer insight regarding public acceptance of these products. Data driven evaluations of the future exposure of 
consumers to cell-based food products will help the overall process of risk assessment and pre-marketing approval.

C. Country case studies: Israel

C.  COUNTRY CASE STUDIES
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1.3.  Regulatory framework

1.3.1.  Regulatory/competent authorities

The Israeli Ministry of Health is responsible for ensuring the health of the population. The MOH determines policy 
on matters of health and medical services, and is in charge of planning, supervision and control, licensing and 
coordination of the health system’s services. The MOH provides health services in hospitalization and preventive 
medicine, in matters of mental health, geriatrics, rehabilitation and public health. Public health services within 
the MOH are responsible for preventive medicine perspectives, including food and nutrition. 

Figure 7.	 Regulatory agencies and ministerial offices that may be involved in various stages of a 
cell-based food start-up company up to and including pre-market approval and issuing the required 
licences for commercial manufacturing

Manufacturing license 

Premarket
approval

Import license
and registration 

Export
certificate 

Business license 

Local authorities 

National Food
Service district offices 

National Food Service

Ministry of Health

Food business
operator / Applicant 

Ministry of Health:
• Environmental Health Department

Ministry of Agriculture: 
• Veterinary Services and Animal
 Health
• Plant protection and Inspection  

*Other authorities whose approval
may be needed for any production
facility in Israel: 
• Ministry of Interior
• Ministry of Environmental Protection
• Police, fire and rescue Services 
• Tax authorities 
• Electrical company

Additional authorities and departments
which may be relevant*:

Note: Additional details are presented in section 2.5.1. Ministry of Health and National Food Service responsibilities include pre-market approval, import licence 
and export certificate (in dark blue), as well as the manufacturing licence issued by the NFS district offices (in red). Dashed lines indicate communication 
channels.

Source: Author’s own elaboration.
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The NFS within the MOH of Israel, is the regulatory agency responsible for developing food standards and regulations 
related to food placed on the market in Israel. The NFS is mandated to assure the safety, quality and authenticity 
of food for consumers. All aspects of supply and safety of food designated for human consumption falls under 
the responsibility of the NFS, which enacts standards, regulations and laws that are to be implemented throughout 
the different districts nationwide.

The NFS regulates local food manufacturing, food import and export, and issues around importing and manufacturing 
licences. It also supervises various aspects of food production, marketing and sales. The NFS conducts a risk 
management assessment to ensure that food is safe for consumption.

The preapproval process of novel foods, including cell-based food products, falls within the mandate of the NFS. 
The process includes discussions with the novel food committee that considers the different safety aspects 
(toxicology, nutrition, etc.) of such foods. More broadly, the Israeli Ministry of Agriculture and Rural Development, 
the Ministry of Environmental Protection and the Ministry of Economy might have to collaborate on specific 
cell-based food products.

1.3.2.  Regulatory category

Cell-based food is considered a novel food under the Israeli legislation. Novel food in Israel is defined as food that 
was not much consumed in Israel before February 2006 when the first regulation on novel food came into force 
in the country. Israel’s pre-market authorization process is outlined in its novel food regulation framework. This 
framework defines a novel food as a food or food ingredient that falls into at least one of the following criteria 
and which is not classified as a food additive, a food supplement, a processing aid or a food flavouring: 

1.	 is of a novel primary molecular structure or has undergone an intentional alteration in its primary molecular 
structure, for which there is insufficient history of safe human consumption before February 2006 in Israel;

2.	 contains a genetically modified organism or a part thereof;
3.	 contains a plant, animal, microorganism, fungi or algae, or is derived from these, for which there is insufficient 

history of safe human consumption in Israel; and
4.	 has been manufactured in a process that has not previously been used in Israel for food manufacturing or for 

manufacturing this specific food category or food component, especially if this process has led to a substantial 
change in the composition of the food, its structure or components, and has affected its nutritional value, 
its metabolic qualities or the level of undesired substances.

Cell-based food products may fall under the food category of “meat” or “processed meat products” as defined in 
The Public Health Protection Law (Food): edible parts of livestock (cattle, sheep, goat, deer, buffalo, camel, horse, 
mule, donkey, pig and rabbit), poultry (chicken, geese, duck, turkey, pigeon, swan, muscovy duck, mallards, peacock, 
guineafowl, ostrich, quail and pheasant) and aquatic animals (fish, crustacean and mollusk), with or without bones 
and with or without skin. The precise nature of cell-based foods still requires regulatory definition in this scope; an 
internationally agreed upon definition can prove beneficial for harmonization and trade.

All food categories in Israel are divided into two groups, “regular food” and “sensitive food”, which determines their 
regulatory requirements. The sensitive food category is more tightly regulated (for example, good manufacturing 
practices (GMP) and hazard analysis and critical control points (HACCP) certificates are needed, both for locally 
produced and imported food. Cell-based food products fall under the sensitive food category, though it is possible that 
a new category could be created.

The Public Health Protection Law (Food) (Sensitive Food Proclamation) 2019 lists those products that could be 
considered to be “sensitive food”, and currently include:

	 1.		 milk and milk products and their analogues, which contain milk components;
	 2.		 meat and its products;
	 3.		 fish and fish products including shellfish, crustaceans and animals from the echinoderm group;
	 4.		 eggs and their products;

C. Country case studies: Israel
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	 5.		 honey and its products;
	 6.		 products containing gelatine or collagen or both;
	 7.		 canned foods with low acidity (pH > 4.5);
	 8.		 food products that must be stored, held or transported at a controlled temperature or at a defined temperature, 
			   as defined by law, provided that the temperature is below 8 °C;
	 9.		 foods for special nutritional purposes, other than foods marked “gluten-free”, as specified below:
		  i.	 foods intended for consumption by infants and toddlers including food compounds 
			   and complementary foods marked as such,
		  ii.	 designated food as defined by law, other than food marked “gluten-free”,
		  iii.	 foods intended to be a substitute for the daily diet, in whole or in part, including formulas or 
			   nutritional supplements for athletes,
		  iv.	 a dietary supplement as defined by law, and
		  v.	 vitamins, minerals and amino acids for use as a nutrient in the food industry;
	 10.	 mushrooms or mixtures thereof including products of which mushroom is a principal component;
	 11.	 microorganisms for use in the food industry or as a finished product;
	 12.	 bottled drinking water, mineral water and mineral water-based beverages;
	 13.	 food colouring intended for retail marketing; and
	 14.	 the leaves of the Catha edulis plant in their natural form that are intended for mastication.

1.3.3.  Relevant laws and regulations

Apart from the Novel Food Regulation 2006, novel foods are required to comply with all relevant Israeli food 
legislation covering multiple aspects of food safety. The Israeli Public Health Protection Law (Food) 2015 is 
the main legislation dealing with food safety regulation in Israel. The law has introduced a comprehensive and 
coherent system of official controls by public bodies in charge of public health surveillance regarding food 
intended for human consumption. The official controls vertically cover the entirety of the food chain once the food 
products leave the primary production site and are destined for processing and then to the marketplace and 
finally to consumers. The law lists both safety and quality criteria as well as the organizational and administrative 
structure of controls. There are various institutions in charge of official controls with distinct roles.

The current demands, set out in the Public Health Protection Law (Food) 2015, require small and large food 
manufacturers in Israel to obtain a manufacturer’s licence before they start producing the food product. This 
licence can be obtained from local municipal authorities along with the authorization of the sanitary plan by the 
MOH food inspectors located in the facility’s district. The regulatory demands for food production are set out in 
the law and there are specific procedures and food standards (set out by the Standards Institute of Israel) for several 
food categories.

Additional regulations covering cell-based food products include those that relate to the levels of various 
contaminants, chemicals and biological hazards, as well as pesticide residues. These regulations have recently 
been reformed to align with the European Union Acquis following the adoption of European Commission Regulations 
No. 1881/2006; 73/2018; 2073/2005 and 396/2005. Additional Codex Alimentarius guidelines on various issues 
such as food additives also apply in Israel.

1.3.4.  Authorization requirements

As previously described, cell-based food products are considered novel foods under the Israeli Novel Food 
Regulation 2005. As such, cell-based food products require pre-market approval from the NFS before being placed 
on the market. A complete safety dossier that establishes the safety of the product for human consumption 
must be submitted by the applicant and is subject to scientific evaluation by the novel food committee and the 
food risk management unit of the MOH. This process is outlined in Figure 8. It can take up to one year after all 
the information has been submitted to reach a decision.
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The dossier should include:

••	 a complete scientific overview with all supporting data establishing the safety of the product for human 
consumption;

••	 a detailed description of the manufacturing process including, but not limited to, how to implement 
HACCP-based food safety plans, information on packaging, labelling and storage of the final product; and

••	 data supporting the safety of the product, such as a history of safe consumption, toxicological studies, 
identification of potential allergens, compositional and nutritional data, anticipated intake by food categories 
together with an overall risk assessment. 

Novel foods are assessed on a case-by-case basis and the specific data requirements depend on the type of novel 
food in question. The novel food committee consists of experts in multiple fields, including: food engineering, 
biotechnology, toxicology, veterinary medicine, animal sciences, nutritional sciences, environmental health, genetics, 
cellular and molecular biology, microbiology, developmental biology, and more.

Specific safety requirements regarding cell-based food products are still being formalized alongside the ongoing 
effort to identify and communicate both existing and novel hazards related to food safety and public health. Additional 
aspects of cell-based food products that are to be included in the dossier and that do not relate to food safety and 
public health concerns relate to the sustainability of the production process and the proposed labelling of the final 
product.

Figure 8.  Approval process for novel foods in Israel

Food business operators
application submission 

External experts

Publication and update of
the Novel Food Registry

Consultations
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* 6–12 Months from
the date of submission
of a complete dossier  

Applicant notification*

Approval Rejection

Novel Food Comittee 

Note: The term “competent bodies” relates to authorities listed in the novel food guidelines

Source: Author’s own elaboration.
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1.3.5.  Steps for production, retail and import/export

Production and retail sale of cell-based food

In general, the commercial production of cell-based food products requires a food manufacturing licence and 
a business licence. These licences are not specific to cell-based food manufacturers, but are required throughout 
the food industry in Israel. The licences are issued following the inspections by several competent bodies in both 
governmental and local authorities, which inspect the manufacturing site to ensure that the relevant regulations 
are being followed. Food safety regulations are enforced by the NFS and include sanitation, manufacturing layout, 
contact surfaces, etc. These regulations set general requirements for food manufacturers. Regulations unrelated 
to food safety cover zoning, fire and chemical hazards, environment, labour, etc., and are covered by various 
local authorities or other government offices (Figure 7).

As previously noted, cell-based food products are considered novel foods under the Novel Food Regulation 2006. 
This regulation states that novel foods require approval by the NFS before being placed on the market. An effort 
is currently underway to define the requirements needed to assure that once cell-based food products are placed 
on the market, that they will not pose a concern for public health.

In addition to the general requirements, cell-based food products are considered sensitive foods. Sensitive food 
manufacturing sites require the implementation of HACCP-based food safety plans and some of the categories 
also require a GMP certificate by the NFS. The GMP standard is an Israeli standard combining ISO 22000 / ISO 9001 
with HACCP principles. 

Export and import of cell-based foods

With regard to trade in cell-based food products, several discussions with foreign competent bodies have been 
conducted to understand the export procedures, if and when needed, of future cell-based food products from Israel. 
All food importers are requested to register the food products with NFS for import into Israel. Cell-based foods 
will require preapproval before they can be imported into the country under the novel food regulation related to 
imported food. Overall, the pre-market approval of foreign competent bodies is taken into consideration when an 
application is submitted.

The following steps could hasten the approval process:

••	 register importers and foods with NFS;
••	 apply to the NFS for approval of the declaration for regular food, or preapproval for the import of sensitive food;
••	 apply for preapproval for novel foods;
••	 check the food on arrival at the port and obtain a permit that allows food to be released from the port; and
••	 inspect the food product at the place of storage.

At each stage, the importer is required to act in accordance with procedures and present the required documents 
according to the type of food it is importing.
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1.4.  Food safety assessment

1.4.1.	  Assessment guidelines and steps

Novel food applications can be submitted to the secure NFS portal, which does not require specific formatting. 
This means the dossier can include safety assessments that have been submitted to other competent authorities 
as long as the application and all documents submitted are in English.

Assessment guidelines for cell-based products are being drafted based on several pre-submissions of cell-based 
food products (pilot project). International guidance and harmonized standards and agreements on various aspects 
of food safety concerning cell-based food products can be of great assistance.

1.4.2.  Identify potential food safety related hazards or concerns and risk 
management

Preliminary assessment guidelines have been drafted based on several local chosen case studies, for which 
pre-submissions have been received for the regulatory market pre-approval of cell-based food products. Initial safety 
data requirements have been drafted for this pilot project with the eventual intention of formalizing clear safety 
guidelines and requirements. This process is currently underway in collaboration with the industry, which intends 
to promote an open dialogue on emerging issues of concern.

The current requirements of the safety data to be submitted for the approval of cell-based foods includes product 
specification, manufacturing process, consumer and marketing issues and more. Several key points are listed below:

Cell line identity: Detailed information establishing the identity of the primary cell lines and of the cell lines used 
in the manufacturing process is to be submitted. This information should include a description of all the steps 
beginning with the sampling method of the cells, the tissue of origin and the animal from which the cells are derived 
and refer to its genetic identity and stability throughout the manufacturing process.

Modifying, selecting, expanding and storing cells: Any and all genetic modification or genetic selection of the primary 
cells taken from the original animal, and any following selection, expansion and storage steps should be outlined 
and any potential concerns arising from these steps about the safety of the final products should be addressed.

Manufacturing process: A detailed description should be included of the culturing conditions throughout the 
manufacturing process including media composition, with an emphasis on novel ingredients not previously used in 
the food industry, identity and purity of various additives, recombinant proteins, growth factors, scaffolding materials, 
etc. The process should also include the implementation of mandatory GMP and HACCP systems and a description 
of all steps taken to ensure the sanitation of the manufacturing process and site.

Allergens and toxins: Identify any allergens or toxins that could be included in the final product, whether originating 
in the cell mass, scaffolding material, processing of final product, etc.

Specification of the final product: This would include specification certificates from a number of lots that demonstrate 
compliance with the regulatory limits concerning various known food contaminants such as heavy metals, and 
additional chemical contaminants as well as relevant microorganisms. Consider novel contaminants that may raise 
health concerns such as residual hormones and growth factors, that should be addressed. Additional information 
included in the specifications should characterize the final product and include information such as nutritional values, 
cell biomass ratio within the final product, etc.

Shelf life and labelling: Submit data establishing the shelf life of the product along with the storage instructions. 
Suggested labelling should include preparation instructions, warnings and nutritional values.

C. Country case studies: Israel
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Exposure assessments: Provide information regarding the retailing model of the product such as whether the 
product is ready to eat, ready to cook and so forth, and information on the expected daily intake with any limitation 
concerning specific vulnerable populations.

Sustainability: A sustainability assessment of the manufacturing process is requested as energy expenditure 
per kilogram of product. This requirement is unrelated to the product’s safety aspects, but it is intended to 
validate the different claims arising in the media concerning the sustainability of these products and address 
the developing perception and acceptance of future consumers of these products. It is clear, however, that given 
the current production scales and unstable supply chains, life cycle assessment analysis may be inflated and 
may not perfectly reflect the whole environmental perspective. More broadly, sustainability labelling of food 
products is currently not required in Israel but may be in the future.

These general requirements are being refined and formalized through the ongoing submission of additional safety 
data from the participating companies, following requests by the NFS expert staff.

Risk management options are still being considered. Applications are evaluated on a case-by-case basis, with 
each manufacturer receiving a market preapproval for a specific technology-process-product combination after 
all safety considerations are satisfactorily addressed and the regulatory demands have been met.

1.5.  Other key considerations outside food safety

1.5.1.	 Labelling

According to Israeli food law, food labelling includes publications on different media regarding the food product. 
Labelling is required to be truthful, not misleading and verifiable so as to fully reflect the nature of the product 
to the consumer. The general food labelling requirements set by Israeli law will naturally apply to all foodstuffs 
placed on the market including novel foods. This general labelling requirement covers issues such as the name of 
the food product, contents of the food product (weight or volume), ingredients and nutritional values. In addition, 
warning labels on food products that are categorized as high in saturated fat, sugar or salts are required (red stickers).

In addition to the existing requirements concerning food safety, and for any foodstuff placed on the market including 
cell-based food products, the MOH emphasizes the value of transparency and of providing relevant information 
to the final consumer to allow that consumer to make an informed choice. This additional information may include 
the mandatory terminology to be set by the regulator, the specific animal origin of the cell culture, the percentage 
of the cells from the total mass of the product, etc.

1.5.2.  Technical capacity

The state of Israel is a relatively small-sized country with limited resources. The rapid increase over the past 
few years in private sector investments in cell-based food products, and the rapidly growing number of Israeli 
companies developing this category of foods, poses a real challenge for regulators, making it difficult for them to 
stay informed of the industry’s need for polices, guidelines and regulations that will encourage the development 
of this emerging industry with its broad and heterogeneous variety of products.

Over the last few years, the Israeli Government declared its desire to promote the Israeli food-tech industry, including 
cell-based food products, and it has increased governmental investments to promote capacity building in both 
academia and in the public sector. Yet, independent scientific research that can fully cover the safety, nutritional, 
behavioural and clinical issues arising from the introduction of cell-based food products to the market is still lacking.
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Since cell-based products are assessed using the same basic requirements and regulatory framework that apply 
to the safety evaluation of novel foods, the infrastructure needed to evaluate both existing and emerging food 
safety hazards and risks related to the industry of cell-based food in Israel already exists. To further enable the 
regulator to keep up with industry needs and meet the needs of the growing, broad and diverse cell-based food industry 
in Israel, additional human resources and budgets are necessary. Extending the abilities and capabilities of existing 
labs in Israel and developing new analytical methods will further support both industry and regulatory needs.

1.5.3.  Environmental impact

It is generally assumed that producing cell-based food products is more environmentally friendly and sustainable 
than producing food from traditional animal farming practices. This assumption has some scientific support in 
relation to feed conversion, water use, animal waste, land use, veterinary medications, greenhouse gas emissions 
(GHG), etc., but data is still missing and the impact is still being debated (Santo et al., 2020). The industry must 
have scientific validation before making such claims to avoid misleading the public.

In addition to the presumed environmental benefits of cell-based food products, developing a local and self-sustained 
market can produce indirect environmental benefits. Such advantages may be the result of shortened supply 
chains, especially when considering that Israel currently imports a large percentage of its beef and small ruminants. 
The expected impact on animal welfare and animal health is also expected to be positive. Reduced traditional 
farming practices, reduced livestock shipments, and shortened supply chains are expected to reduce greenhouse 
gas emissions in line with global and national commitments. 

1.5.4.  Economic growth and sustainability

As previously noted, current R&D capacities in cell-based food production are limited in government and academia, 
and, to a lesser extent, in the private sector. To address these limited capacities and enable safe, nutritional, 
sustainable and tasty products to be produced at a competitive price will require novel technologies, improved 
analytical and interpretive skills.

There are several measures already identified that will enable capacity building in these respects, such as:

••	 establishing a national food institute to house analytical equipment and the physical infrastructure for 
manufacturing during the pilot phase;

••	 establishing a micro industrial zone that will connect infrastructure and know-how to promote the production 
of new food technologies during the pilot phase;

••	 encouraging and financing local development and competitive production of both novel components, 
required at various stages of cell-based food production, and components with local and international demand;

••	 attracting accomplished academic researchers by raising the awareness of the field, recruiting new researchers 
and allocating research grants;

••	 building academic curricula to introduce food technologies in schools beginning at a young age through to 
post-secondary education;

••	 establishing a food-tech hub to promote dialogue between stakeholders and to hold meetings between 
the industry and the regulator from the earliest stages of development; and

••	 Formulating clear, dynamic guidelines for business in this field at various stages.
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1.5.5.  Food security

Israel is a small market that relies significantly on imported foods, including food derived from animal origins. 
Although food security is not an acute problem in Israel, the malnutrition status of certain subpopulations, specifically 
those at a low socioeconomic level, is an issue of concern.

High quality, nutritional and accessible protein sources may fill nutritional gaps and promote a healthier diet in 
accordance with MOH recommendations. Theoretically, in vitro production of cell-based food products can address 
specific nutritional requirements through enrichment with specific vitamins and minerals and by reducing unwanted 
ingredients that have detrimental health effects such as saturated fats.

On the other hand, the effects of cell-based food products on various aspects of human health are still to be 
determined, including metabolic balance, digestibility, bio accessibility, effect on the microbiome, cognition, eating 
patterns, etc. In addition, the availability of cell-based products may influence consumer dietary habits (e.g. for 
vegetarian and vegan consumers as well as for religious reasons). 

It is possible that global political instability may change the distribution and limit the availability of certain foodstuffs. 
The effect on global supply chains may have a more drastic effect on countries that rely heavily on imported foods 
and could reduce their ability to maintain food security for their populations. In this way, a sustainable independent 
local industry can contribute to a country's food security.

Good security may also be destabilized because of various natural and/or anthropogenic influences such as climate 
change. For example, the effects of climate change may reduce national agricultural resilience while also decreasing 
the trade volume of foodstuffs, which would make it more difficult to meet the nutritional needs of the population.

1.5.6.  Kosher/halal status

In Israel, approximately 74 percent of the population is Jewish, 18 percent is Muslim and the rest are affiliated with 
other minority groups such as Christians, Druze and others (Central Bureau of Statistics, 2021). Both Jewish and 
Muslim people have religious rules regarding foods of animal origin. Kashrut in Judaism and halal in Islam are 
collections of religious dietary regulations that prohibit the eating of certain foods and require that other foods be 
prepared in a specified manner. Several issues related to the kashrut status of foods are still under consideration 
with respect to cell-based products. Firstly, if products derived from animals prohibited by religious laws and 
considered Tareif, or forbidden for consumption by Jews, are themselves Tareif. Secondly, it must be determined 
whether these cell-based products, specifically those derived from mammals, are not considered meat products 
and should be handled as Parve (not classified as meat or a dairy product) as defined by Kashrut laws allowing 
them to be handled and consumed with dairy products.

These debates are ongoing and there is no consensus as yet on these issues, especially given the distinct streams 
within Judaism. One example is a decision by the Tzohar rabbinical organization that has declared cell-based 
meat products derived from embryonic stem cells taken from a bovine blastocyst to be considered Parve and, 
as such, it can be eaten with dairy products (Tzohar, 2022). It should be noted that religious rulings like these 
may substantially alter the dietary intake of religious Jews once these products are placed on the market.
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1.6.	 Discussion
The novel food regulatory framework is defined and in place in Israel. It applies to cell-based products that require 
a case-by-case assessment and pre-market approval. The NFS is in the process of evaluating several cell-based food 
products that have been pre-submitted within the framework of a pilot submission process. This process allows for 
ongoing dialogue between the applicants and the regulators, allowing the applicant to submit the relevant safety 
data needed for the assessment of any potential existing and emerging hazards to public health from cell-based foods.

The cell-based food industry in Israel is advancing and rapidly developing. This requires that regulators be up to date 
with the new technologies and novel products in a way that allows them to carry out professional and responsible 
risk assessments. It also requires the regulators to better manage the risks to protect public health without 
being a barrier to innovation and economic development.

Cell-based products raise unique challenges and questions beyond food safety considerations, such as nutritional 
values, labelling requirements, religious certificates, public acceptance and sustainability. Ongoing collaboration 
and open dialogues between regulators and the global community on food safety requirements will strengthen 
and improve the emerging cell-based food industry and help the industry to meet all safety demands to protect 
and promote human health.

©Steakholder/Shlomi Arbiv

C. Country case studies: Israel
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Figure 9.	 Summary of the food safety regulatory competent authority agencies in Qatar
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Source: Author’s own elaboration.

While the development of a food safety authority as a single agency, is still being considered, the development of a new 
food safety law is being evaluated by the supreme council. In the meantime, the current structure of the government 
authorities for food safety can be divided into three levels.

Primary agencies

1.	 Qatar General Organization for Standards and Metrology (QS) acting through the Ministry of Municipality 
and Environment (MME): While the jurisdiction of the MME essentially falls under the control and 
inspection of food products that circulate in the country such as in the market and restaurants, the only 
intervention of the MME in the regulations is to attest to the standards issued by the QS that were already 
implemented by the GSO. The intervention of the MME in QS standards is due to its relation to the law 
established under the Emiri Decree (44) in 2014, stating that QS is a public organization with a legal entity 
that is attached to the MME. It is through QS that the MOPH proposes a project to amend an existing 
food standard or a new food standard project to be sent to the GSO for review by the member states of 
the GCC. Once agreed upon, the GSO will implement the new food standard or the amendment in the 
member states through their General Organization for Standards and Metrology as the QS in Qatar.

C. Country case studies: Qatar 

the Qatar General Organization for Standards and Metrology (QS) and Law No. 8 of 1990 regarding regulation and 
control of food for human consumption and its amendments (Law No. 4 of 2014 and Law No. 20 of 2017) state that 
the Ministry of Public Health (MOPH), the Ministry of Commerce and Industry (MOCI), the Ministry of Municipality 
and Environment (MME), and the Gulf Cooperation Council (GCC), including the Standardization Organization (GSO), 
are to coordinate food safety related issues.
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2.	 The MOPH, through the Department of Food Safety and Environmental Health (FSEH): The FSEH plays 
an effective role in implementing health policy in all food safety-related matters and carries out the 
powers entrusted to the MOPH under Law No. 8 of 1990 regarding the control of food to ensure 
the safety of the consumer. FSEH conducts food control and inspection in places where food is 
being handled and traded to ensure its safety and validity. It also prohibits the handling of any 
food that does not meet the specifications and requirements of the competent authorities. In 
addition, it responds to emergency cases related to food safety and validity in partnership with 
more than one entity, and it manages and operates laboratories to examine and analyze food 
samples. The MOPH also proposes new food standards, makes amendments to existing food 
standards and proposes amendments or new standards to QS, since MOPH is a member of the 
national committee (that is created by QS). QS will send all of the information to the GSO based on the 
proposals of the national committee.

3.	 GSO: The GSO is a Regional Standardization Organization (RSO) that was established by the resolution 
of the GCC Supreme Council (22nd Session, Muscat, Oman, 30 to 31 December 2001) and assumed its 
operation in May 2004 with the membership of the competent authorities in the following countries: 
Bahrain, the United Arab Emirates, Kuwait, Oman, Qatar, Saudi Arabia and Yemen, which joined in January 
2010. The GSO aims to unify the various standardization activities and follow their implementation 
and commitment in cooperation and coordination with the national standardization bodies in the 
member states (QS in Qatar). It is done in a way that contributes to the development of production and 
service sectors, the development of intra-trade, consumer protection, environment and public health, 
and the promotion of Gulf industries, products and services. Furthermore, all of this is performed in 
order to support the Gulf economy, preserve the gains of member states, and contribute to reducing 
technical barriers to trade in line with the objectives of the GCC Customs Union and the Gulf Common 
Market.

Secondary agencies

	 The Ministry of Commerce and Industry (MOCI) (referred to as the Ministry of Economy and 
Commerce in Law No. 8 of 1990). MOCI mainly oversees commercial and industrial activities for Qatar, 
directing these activities in accordance with national development requirements. Its mandate includes 
developing business needed to attract investments and supporting and developing exports. MOCI is 
also responsible for developing methods and procedures for providing public services to the business 
and investment sector, regulating the trade professions, registering commercial and investment 
establishments, issuing related and necessary licences, and supervising the regulation and control 
of markets in its area of competence. It also takes the necessary measures to protect consumers, 
combat commercial fraud, safeguard competition and prevent monopolistic practices, as well as 
protecting intellectual property rights. For the regulatory framework, MOCI has the right to present 
its opinion and make amendments to the QS standards, since it is a focal point for the World Trade 
Organization (WTO) and other international organizations as well as international governmental entities. 
This makes MOCI an important stakeholder in the establishment of the regulatory framework of 
food products.

Other relevant agencies

1.	 The Qatar General Authority of Customs (referred to as the customs department in Law No. 8 of 1990): 
This authority has no jurisdiction when it comes to the regulatory framework of food products. 
It is mainly an executive body following regulations issued by the GSO. It consults with the MOPH for 
any other related matter with food products as mentioned in Law No. 8 of 1990.

2.	 The Ministry of Awqaf (religious affairs): This ministry is involved when a food product is categorized 
as meat or as a meat product, or if there is a related fatwa needed for that product in particular. 
(A fatwa is a formal ruling or interpretation on a point of Islamic law given by a qualified legal scholar. 
Fatwas are usually issued in response to questions from individuals or Islamic courts).
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2.3.2.  Regulatory category

The Codex Alimentarius texts play an important role in new or already adopted regulations in the GCC countries 
and particularly in Qatar. The FSEH department at the MOPH is the main responsible agency in the regulatory 
framework and is responsible for executing and implementing the standards and regulations for the control of food 
products in the country. It is also involved in imports/exports. The FSEH department uses the Codex Alimentarius 
as a reference for categorizing food products. Food categories in Qatar are classified according to the World 
Classification by Codex Alimentarius beginning with dairy and ending with uncategorized foods, or group 
number 16. The document describes the different food categories in tables where every type of food product is 
classified.

Every food category described in the document has a corresponding standard and technical regulation (QS) to control 
and monitor a product according to the nature and level of risk associated with the product. In order to categorize 
any food product, it is necessary to have a clear description of the product that can be related to a specific standard 
or technical regulation for that type of food product, which includes a definition linked to its nature and related 
hazards. Since cell-based meat products do not yet have an international or national standard or technical regulation, 
they cannot as yet be categorized. If a food standard is adopted for this type of product, it will be categorized 
based on its nature and possible hazards. Therefore, cell-based meat products can be categorized as meat and 
meat products, including poultry and game (category No. 8) or as fish and fish products, including mollusks, 
crustaceans and echinoderms (category No. 9) or as prepared foods/composite foods – foods that cannot be 
placed in categories 01 to 15, but rather category No. 16.

As for the competent authorities for food categorization, they are mainly the MOPH (since the proposal/project 
of the regulation is written by the experts in the FSEH department), the QS, the GSO, and the MOCI. It is worth 
noticing that an intervention from the Ministry of Awqaf (religious affairs) could be necessary if the product would 
be categorized as category No. 8 or if any related fatwa is needed for that product in particular, as noted above. 
Recently, a new standard of general requirements for novel foods GSO 2696:2022 was implemented in the GCC 
countries, which might suggest that cell-based meat products will be categorized under novel foods.

There is also a need to determine whether cell-based food is to be included in the Novel Good Catalogue list or 
to be included in the list of products generally recognized as safe (GRAS).

1.	 If they were included in the Novel Food Catalogue, which are products of animal and plant origin and 
other substances subject to the Novel Food Regulation in Qatar, a reference would need to be made to 
the information provided by the European Union Member States. It is a non-exhaustive list and serves 
as an orientation on whether a product would need authorization under the Novel Food Regulation. 
European Union countries may restrict the marketing of a product through specific legislation. For 
information, businesses should contact their national authorities. In some cases, businesses will be 
asked to provide information on the history of use of food supplements and ingredients used exclusively 
in food supplements in European Union countries. If foods and/or food ingredients were used exclusively 
in food supplements, new uses in other foods would require authorization under the Novel Food 
Regulation (European Union, 2023).

2.	 To be included in the list of GRAS products in Qatar, Recently Published GRAS Notices and Food and 
Drug Administration (FDA) letters (FDA, 2023) and/or Current Animal Food GRAS Notices Inventory 
(FDA, 2023a) would be required. 

C. Country case studies: Qatar 
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2.3.3.  Relevant laws and regulations

Relevant definitions

1.	 Gulf Standard Specification (GCC Standardization Organization, 2023). This is a document approved 
by the relevant Ministry’s Committee for Standardization Affairs that sets for regular and repeated 
use, the rules, instructions or characteristics of relevant products, processes and production methods, 
compliance with which is not mandatory. It also may include or specifically examine terms, definitions, 
configuration, labelling or labelling requirements that applies to products, processes or production 
methods. The standard specification guarantees the achievement of the specific purpose of the 
goods or service by setting technical requirements, procedures and quality control systems to fulfil 
the product or service with the requirements that fulfil the desires of users, and are in line with the 
capabilities of producers and service providers, considering the safety of the user and protecting 
him/her from fraud or deception.

2.	 Gulf Technical Regulations (GCC Standardization Organization, 2023). This is a document approved 
by the relevant Ministry’s Committee for Standardization Affairs that lays down the characteristics of 
products, related processes and production methods, including the applicable (effective) administrative 
provisions. It may include or specifically look at terms, definitions, packaging, labelling or labelling 
requirements that apply to products, processes or production methods.

Regulations relevant to cell-based food products

1.	 Gulf Technical Regulation Labelling of Pre-packaged Food Stuffs GSO 9:2013: This document deals 
with the labelling of all pre-packaged foods and with requirements relating to the presentation thereof. 
It requires that the product name be clear and specific to avoid consumer confusion and to prevent 
the producer from being misleading.

2.	 Guidelines for Labelling Food Products GSO 2406:2014: These guidelines cover the definitions 
and general and special requirements governing the labelling of food products in addition to the 
provisions laid down in the GSO standards for food and agricultural product labels. Product labelling 
is subject to the provisions stated in the "labelling" Article of the GSO Standard. The provisions 
of these guidelines would be applied in accordance with other existing mandatory provisions.

3.	 General guidelines on claims GSO CAC/GL 1:2008 – CAC/G, 1:1979: The scope and the principles 
of these guidelines relate to any claims made for a food, regardless of whether or not the food 
is covered by an individual Codex Standard. These guidelines are also meant to prevent food from 
being described or presented in a false, misleading, or deceptive manner, or from being described in 
such a way as to create a false impression regarding its character. 

4.	 Gulf Technical Regulation Processed Meat: Minced chicken meat. GSO 1327:2002: This standard 
is concerned with minced chicken meat. However, it is not yet determined if this would also cover 
cell-based minced chicken meat.

5.	 Gulf Technical Regulation Halal Food - Part 1: General Requirements GSO 2055-1:2015: This standard 
covers the general steps required for halal food products. Such steps must be followed at all stages 
of the halal food chain including, receiving, preparing, packaging, labelling, handling, transporting, 
distributing, storing, displaying and halal food service.
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6.	 Gulf Standard Halal Products – Part 2: General Requirements for halal certification bodies GSO 
2055-2:2021: This Gulf standard outlines the requirements that must be met by halal certification 
bodies. It also specifies the requirements for implementing the procedures for issuing a Halal certificate 
for products, services or systems.

7.	 Gulf Standard Halal Products – Part three: General Requirements for halal accreditation bodies 
accrediting halal certification bodies GSO 2055-3:2021: This standard also includes the activities 
covered by accreditation such as testing, calibration, inspection, halal certification, people, products, 
processes, services, provision of proficiency testing, production of reference materials, verification 
and validation.

8.	 Gulf Standard Halal Packaging-General Guideline GSO 2652:2021: This Gulf Standard describes the 
general guidelines for manufacturing and handling halal packaging. It serves as the basic guidance and 
requirements for halal packaging for halal products.

9.	 Gulf Technical Regulation Additives Permitted for Use in Food Stuffs GSO 2500:2021.

10.	 Gulf Technical Regulation Microbiological Criteria for Foodstuffs GSO 1016:2015: This GSO technical 
regulation is concerned with the microbiological criteria for foodstuffs and for some food ingredients 
used as raw materials in food processing.

11.	 Gulf Technical Regulation Expiration Dates for Food Products -Part 1: Mandatory expiration dates 
GSO 150-1:2013: This Gulf Technical Regulation is concerned with mandatory expiry periods for food 
products.

12.	 Gulf Standard Expiration Dates for Food Products - Part 2: Voluntary expiration dates GSO 150-2:2013: 
This Gulf Standard provides guidance on expiry dates for food products.

13.	 General Requirements for Novel Food GSO 2696:2022: This newly implemented Gulf Standard is 
concerned with the general requirements for importing, manufacturing and marketing a new food in 
the markets of GCC member states.

2.3.4.  Authorization requirements

The General Requirements for Novel Food GSO 2696:2022, is concerned with importing, manufacturing and marketing 
a new food in the markets of GCC member states. Some complementary standards exist, such as 1) GSO 2055-1 halal 
Products - Part one: general requirements for halal food and 2) GSO 9 – Labels of pre-packaged foodstuffs.

While the official definition and categorization of cell-based foods are still pending in Qatar, it will most likely 
be considered to be a novel food, as novel food has been defined in the GSO 2696:2022, which includes a claus 
stating that novel food consists of, is isolated from, or is produced from cell culture or tissue culture derived from 
animals, plants, microorganisms, fungi or algae. Therefore, there are two possible key authorization requirements 
for cell-based food: 1) a pre-market evaluation as a novel food, which includes a food safety assessment and other 
considerations; and 2) compliance with halal standards.

As for the approval system, it is likely that the products will need to be registered in the food registration system 
of the FSEH department of the MOPH and approved by the department’s food experts. It would be necessary to 
submit the necessary documentation including a proper and scientifically based risk analysis/assessment of the 
cell-based meat product, a laboratory analysis report of the product issued from an ISO 17025 certified laboratory 
in the country of origin (including all the analyses required according to the food experts), all relevant related 
documentation (such as halal certification) and any pictures required by the food experts.

C. Country case studies: Qatar 
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2.3.5.  Steps for production, retail and import/export

Currently, Qatar does not produce any cell-based food, nor is any such food approved for sale in the local market. 
Any food production requiring cell culture will need all the necessary technologies, ministerial pre-market approvals 
for production and other legal approvals for sales/exports, etc.

Any import of cell-based meat or related raw products must also undergo a pre-market approval. Inspection 
requirements and methodologies for imported cell-based food products will likely be established and adopted, 
which may include lab testing at the point of import. A lab testing facility for imported food products may need to 
be established.

Any company that wants to produce cell-based food products must submit the necessary evidence to the FSEH 
department of MOPH to prove that all steps of production have been followed from raw materials up to the 
final product. Since there is no clear international guidance regarding the accreditation of production methodology 
of cell-based meat products, as of June 2002, MOPH did not approve or permit any kind of production of cell-based 
meat products.

2.4.	  Food safety assessment

2.4.1.  Assessment guidelines and steps

The guidelines on food safety assessments in Qatar and the GCC countries are mainly built on a risk-based approach, 
which is an international approach adopted by international organizations such as the Food and Agriculture 
Organization of the United Nations (FAO), the World Health Organization (WHO), the European Food Safety Authority 
(EFSA), the United States Food and Drug Administration (US FDA), etc. In this regard, the following are factors 
that should be considered in order to apply a risk-based food control system: classification of imported foods, 
compliance history of imported foods, evidence of new or emerging hazards, as well as any well-known established 
food safety hazards, in the food supply, and a whole of food chain approach to food safety.

Imported foods will be classified according to their potential to transmit foodborne disease relative to their intended 
end use. While this classification will be further developed to apply for many different types of food in general, there 
may be a necessity to develop a different approach to conduct risk profiles of cell-based food production processes.

Regarding evidence of new or emerging hazards in the food supply, the competent authorities of Qatar will interact 
with competent authorities in other countries to identify and manage the risk of any new or emerging hazards in 
the food supply. Since Qatar does not currently have the technical ability to monitor imported foods for new or 
emerging hazards, it is expected that the competent authority in the exporting country will have applied the same 
tests and safeguards as they would for food in their domestic market.

Qatar recognizes that the most effective and efficient means of mitigating food safety risks to the consumer are often 
achieved through prevention, such as the application of good agricultural and manufacturing practices as well as 
hazard analysis risk-based preventive controls during primary production and processing. For imported food products, 
port-of-entry inspection is recognized as a very limited means of assuring the safety and suitability of imported food. 
Special arrangements with competent authorities in exporting countries to assure the safety of food during primary 
production and across the food chain are encouraged by Qatar. These can include alternative measures based on:

••1 food certified as being produced in registered or otherwise officially recognized food premises in the 
exporting country, and subject to audit by the GCC countries or their agents;

••1 memorandum of understanding between competent authorities;
••1 equivalency agreements; and
••1 broader trade agreements, e.g. mutual recognition of inspection and certification systems.
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2.4.5.  Regulatory issues

••1 Control and inspection: Are there any lists of control measures and detailed procedures for inspection available 
from any countries of the world for cell-based foods?

••1 Detection: If special regulations apply, the ability to detect/quantify the presence/amount of a cell-based 
food may be required by regulatory authorities. Are there any effective methodologies to detect/quantify 
cell-based foods? This can be useful not only for compliance control, but also for fraud prevention.

2.5.  Other key considerations outside food safety

2.5.1.  Labelling

It will most likely be necessary to clearly label cell-based food products in Qatar. Food labelling in Qatar and in the 
GCC countries is regulated by several standards and technical regulations since the requirements differ from one 
type of food product to another. These standards include: 1) GSO 2406/2014: Guidelines on Labelling of Food 
Products; 2) GSO 9/2013: Labelling of Pre-packaged Food Stuffs; and 3) GSO CAC/GL 76-2011: Compilation of Codex 
texts relevant to labelling foods derived from modern biotechnology.

There is no specific labelling guidance for novel food in the GSO standards regarding special foodstuff, however, 
the MOPH has issued several guidelines, including for organic food, and is applying certain requirements for GMO 
food. Therefore, if cell-based meat products are approved for consumption in Qatar, the MOPH will issue specific 
requirements for i) labelling these products; ii) guaranteeing the safety and quality in the country and at its 
points of entry, and iii) disseminating transparent and honest information to help inform the consumer.

2.5.2.  Technical capacity

Currently, the central food laboratories have all the chemical, microbiological and other capabilities to test food 
samples for human consumption (GSO 1016:2015). However, having the specific technical capacity to test cell-based 
foods for safe consumption is not enough, since there are no international standardized methods for testing these 
foods, that have never been produced or consumed in most of the world. MOPH is always open to collaboration 
with local stakeholders such as Qatar University and organizations such as FAO/WHO to conduct research aimed 
at fully understanding and, therefore, being able to control this kind of novel food and to be able to make the right 
decision when it comes to assuring the public of its safety for human consumption.

2.5.3.  Halal status

Whether the cultured meat is halal or not is important for religious reasons. Some studies consider cell-based meat 
to be halal if the cells used to culture the meat were taken from an animal that is considered halal and has been 
slaughtered according to Islamic rules, and if blood or serum was not used during the production process (Hamdan 
et al., 2018). However, cell-based meat from animals that are forbidden for consumption by Muslims, such as pigs, 
dogs, etc., would not be considered halal.

A new food category must comply with ethical rules, regulatory obligations (GSO 2055-1:2015, GSO 2470:2015, 
GSO 2670:2021, GSO 1016:2015, etc.) and obtain the necessary halal certification from a recognized halal certification 
body before selling or marketing such products in Qatar (GSO 2055-2:2021). It is noteworthy that the FSEH department 
of MOPH / Ports Health and Food Control Section has issued guidelines for importing halal food and for Islamic bodies 
to be authorized and permitted to issue halal slaughtering certificates. The guidelines cover all the requirements for 
accepting and distributing imported food that needs to have halal certification in Qatar. There is also a List of approved 
Islamic associations in the countries exporting to Qatar, which is a consideration if the products are being imported 
from non-Muslim countries.
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2.5.4.  Nutritional concerns and effects on health

Cell-based foods can be presented as processed food products such as nuggets or hamburgers. For these 
products to be similar in appearance to products made from traditional meat, food processing with some additional 
ingredients, such as beetroot juice, saffron or caramel, are often added to mimic the flavour and the colour of 
traditional meat (Fraeye et al., 2020).

It is not possible to make a straightforward comparison of traditional meat to cell-based meat because cell-based 
meat does not have an exact counterpart. Thus, it might not be possible to take a simple comparative approach 
to analyze the nutritional differences.

Poultry and meat are categorized under the “fish, poultry, meat & alternatives,” food group within the Qatar Dietary 
Guidelines (QDG) (MOPH, 2015). This group is high in protein, iron, zinc and vitamin B12. Regarding proteins, 
it is still not clear to what extent protein content and composition of cultured cells resembles that of traditional 
meat.

Over the years, red meat has been scrutinized for its fat content. However, with the advancement of science and 
with years of longitudinal studies, it has been proven that meat can still be part of a healthy balanced diet. It is 
crucial to clarify that not all fat is bad, and although the overall fat content has a direct impact on the caloric density 
of the food product, the fatty acid composition influences the dietary and nutrient value of the product.

Meat provides the human body with a variety of micronutrients and macronutrients especially high-quality protein 
as it contains essential amino acids (MOPH, 2015). However, it is still uncertain whether the protein content/profile 
of cell-based meats is the same as traditional meat (Fraeye et al., 2020).

There is much to consider regarding the nutritional value of cell-based meat compared to traditional meat, such as 
i) macronutrients (fat, carbohydrate, protein); ii) micronutrients (vitamins and minerals); iii) the type and 
percentage of fat and iv) the absence or low quantity of certain important micronutrients that are naturally found 
in traditional meat such as iron, zinc and vitamin B12 and how they can be added to cell-based meat.

2.6.  Discussion

Qatar has several regulations that can be used as a basic framework for the control of cell-based food products. 
However, due to their novelty and lack of historical information in terms of human consumption, it is necessary 
for the Government of Qatar to assure they are safe and suitable for human consumption. Currently, Qatar’s limited 
technical capacity and expertise are also issues in terms of assessing their safety. Qatar has not implemented 
specific regulations for the control of novel foods. Internationally and regionally accepted methodologies for 
cell-based food production would be useful for Qatar to refer to, since this kind of food has never been produced 
or consumed in most parts of the world. Qatar is open and keen to collaborate with various countries, and seeks 
guidance from international bodies such as FAO, WHO and Codex Alimentarius to fully understand the relevant 
food safety issues and other legitimate issues. In this regard, this case study was developed to share the current 
situation in Qatar in the hope that other countries and the international community may find it useful when 
collaborating to establish proper and specific methodologies, approaches, regulations and control procedures 
for safe and sustainable cell-based food products.
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3.  Singapore – country context

3.1.  Terminology
In Singapore, as in many other countries, cell-based food is classified under a subset of food known as alternative 
proteins. These are proteins derived from sources other than animal proteins such as animal cells, plants, 
microorganisms (e.g. algae, fungi, bacteria) and insects. Terminology used to describe some of these alternative 
proteins, such as plant-based proteins and insect proteins, have gained wide acceptance. Interestingly, there has been 
global debate on the terminology that most accurately describes cell-based meat that has been cultured from animal 
cells in an in vitro, setting or in scaled-up production facilities. Several terms have previously been proposed, including 
clean, in vitro, synthetic, cellular, lab grown, cultivated and cultured among others (Szejda, 2021). In Singapore, the 
Singapore Food Agency (SFA), which is the leading agency for food-related matters, has adopted the term “cultured 
meat” to describe products developed from animal cell cultures in bioreactors supplemented by culture media. In order 
to ensure consistent messaging, SFA uses the term “cultured meat” in its communications about the requirements 
for safe assessments of these products, as well as in its risk communication initiatives for consumers describing 
how the safety of these products is ensured. SFA has not received any objections related to the use of this term so far.

3.2.  Current status
Alternative proteins such as cultured meat have the potential to contribute towards global food security, but food 
safety must be considered before all else (SFA, 2021). To be clear about how the safety of novel foods such as cultured 
meat should be considered, SFA introduced the Novel Food Regulatory Framework in 2019, which requires novel food 
companies to conduct pre-market safety assessments for their products that do not have a history of being consumed 
as food. These assessments, which evaluate toxicity and allergenicity, are performed on an acute and chronic risk 
basis to determine whether the product poses any potential food safety risks. The safety of the production method 
is also considered, as well as the impact of dietary exposure. SFA’s assessment also requires detailed information 
on the materials used in the manufacturing processes as well as the details of process controls in place to prevent 
food safety risks.

At the time of writing, at least one cultured meat company has successfully gone through this safety assessment 
process, and cultured meat is now available for sale commercially in Singapore at a restaurant and through food 
delivery service. Several other companies are in discussions with SFA to seek approval for their cultured meat products. 
SFA does not consider the mode of sale in its safety assessment process. It is purely a commercial decision to be 
made by companies.

3.3.	 Regulatory framework

3.3.1.  Regulatory/competent authority

SFA is the regulatory agency responsible for developing food standards and regulations related to food placed on 
the market in Singapore. It is a statutory board formed under Singapore’s Ministry of Sustainability and Environment. 
Under the governance of SFA, all food-related resources and capabilities are brought together to ensure the holistic 
management of the food industry from farm to fork. SFA actively works with other agencies across government as 
required to meet its goals, especially in the domain of cultured meat. For example, SFA works closely with Singapore’s 
economic agencies (e.g. Economic Development Board (EDB) and Enterprise Singapore) to engage companies and 
start-ups developing cultured meat, as well as with the Agency for Science, Technology and Research to support the 
research needs of cultured meat companies to further develop their products. Even in the regulation of cultured meat, 
SFA may from time-to-time work with other entities where required. For example, if genetically modified organisms 
(GMO) are present in the finished food product (whether or not it is cultured meat), SFA would work with the Genetic 
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Modification Advisory Committee of Singapore (GMAC) as part of the safety dossier review, as Genetic Modification 
Advisory Committee would need to investigate issues related to the use of GMOs that are beyond food safety 
considerations (e.g. worker safety and accidental release provisions). SFA also works closely with the Ministry of 
Health (MOH) and Health Promotion Board (HPB) on any health-related matters.

3.3.2.  Regulatory category

SFA considers novel foods to be foods and food ingredients that do not have a history of safe use. Substances 
with a history of safe use are those that have been consumed as an ongoing part of the diet by a significant 
human population (e.g. the population of a country), for a period of at least 20 years and without reported adverse 
human health effects. As the history of safe use for cultured meat cannot be established since it is new, it falls 
within the novel food category and requires pre-market approval before it can be allowed for sale.

3.3.3.  Relevant laws and regulations

Under Singapore’s regulatory framework for novel foods, food businesses that intend to produce/manufacture, 
import, distribute and/or sell novel food or food products containing novel food ingredients in Singapore are required 
to first seek SFA pre-market regulatory approval. To do so, applicants must conduct safety assessments on their novel 
food products for SFA’s review. The assessments must identify potential risks with the product and its production 
process, and ensure these risks are appropriately managed (e.g. applicants would be required to identify critical 
control points).

The requirements for the safety assessment are detailed in SFA’s requirements document entitled “Requirements for 
the Safety Assessment of Novel Foods and Novel Food Ingredients”, which was last updated on 26 September 2022.

As with all food products that are imported, produced or manufactured for sale in Singapore, novel food products 
are required to comply with the Singapore Food Regulations. The Singapore Food Regulations include requirements 
such as microbiological criteria for ready-to-eat foods, maximum limits for chemical contaminants, the usage of 
food additives and labelling.

 
3.3.4.  Authorization process

Approval from SFA is not required for research on novel food and novel food ingredients. This covers activities that 
do not involve the consumption of the novel food and novel food ingredient, such as the selection and optimization 
of appropriate cell-line(s), culture media component(s) and processing aid(s), as well as studies on how to achieve 
effective production scale-up, among others.

At a high level, the process of seeking SFA pre-market approval can be divided into the following stages. The time 
taken for each stage varies depending on the complexity of the application.

1.	 Initial engagements: SFA encourages novel food companies to consult SFA early in their product 
development process to understand the information that it is required to submit to substantiate the 
safety of the novel food. As such, SFA regularly conducts a Novel Food Virtual Clinic with companies. 
These virtual clinics serve as a platform for engagement with SFA and are an opportunity for SFA 
to share more details about the novel food regulatory framework, approval process and document 
requirements. This platform facilitates SFA’s engagement with novel food companies, as many of 
them are not based in Singapore. Recognizing that novel food companies have questions specific to 
their companies’ inputs and processes, as well as those of a confidential nature, the virtual clinics 
also feature a one-on-one engagement session with the companies.

C. Country case studies: Singapore
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2.	 Pre-submission consultations: As novel food companies progress along their research and development 
journey, they will eventually decide on the inputs required (e.g. cell-line, microbial strain) as well 
as the nature of the final product (e.g. cell-based meat, fermentation product). At this juncture, close 
pre-submission consultations occur between the company and SFA to prepare the company to submit 
their safety dossier. During these consultations, companies may seek SFA’s opinion on the adequacy 
of data generated in addressing food safety concerns. SFA does not prescribe the methodologies 
that companies should adopt to generate data. It is the responsibility of the submitting company to 
ensure appropriate validity and sensitivity of the methods used to generate safety data. Where possible, 
adherence to standardized guidelines such as from the Organisation for Economic Co-operation and 
Development is recommended. Regulatory consultants, acting on behalf of the submitting company, may 
join in the pre-submission consultations. In Singapore, one such party offering regulatory consultation 
services is the Future Ready Food Safety Hub (FRESH). FRESH is a tripartite initiative jointly formed 
by SFA, Agency for Science, Technology and Research and Nanyang Technological University (NTU) 
to support Food Safety research and development in Singapore and to assist novel food companies 
to safely bring their products to market in Singapore (https://www.ntu.edu.sg/fresh).

3.	 Preliminary review of safety dossier: The safety dossier submitted to SFA must cover the requirements 
set out in SFA’s requirements document (SFA, 2021a) and is typically presented as a safety assessment 
report (including supporting documents of any experimental work, literature search and/or calculations 
performed). Some examples of the information that should be included are (i) the identity and 
characterization of the novel food, (ii) identities and chemical specifications of process inputs, (iii) 
manufacturing process, and (iv) the purity, allergenicity and toxicological data, as well as the intended 
uses of the novel food.

	 In order to expedite the review process as much as possible, it is acceptable for companies to submit 
safety information in phases for SFA’s review, although this would not count towards the expected 
timeline of the review process. SFA will also review submissions made by companies based outside 
Singapore. The submission is made by emailing the safety dossier to SFA-NovelFoods@sfa.gov.sg, 
and applicants are reminded to ensure that the information is presented in a format that is available 
for SFA to download as a copy. Information that is not in English should be translated.

4.	 Queries and clarification on safety dossier: During the review process, SFA will contact the company 
in case queries and clarifications are required. If there are significant scientific issues to be resolved, 
it may be necessary for SFA to seek the opinions of members of the Novel Food Safety Expert 
Working Group. This working group was established by SFA to provide scientific advice to ensure that 
safety assessments are rigorously reviewed. It consists of experts specializing in food science, food 
toxicology, bioinformatics, nutrition, epidemiology, public health, genetics, carcinogenicity, metabolomics, 
fermentation technology, microbiology and pharmacology. To prevent the theft of intellectual property 
and conflicts of interest, members of the expert group must sign an acknowledgement to protect 
business confidential information and trade secrets, as well as make the necessary declarations prior 
to joining the expert working group. SFA also shares information with the expert working group on 
a need-to-know basis, redacting information that is not relevant for discussions.

5.	 Issuance of regulatory decision: After the company has provided a complete set of safety information, 
and after outstanding queries and clarifications have been addressed, SFA will issue a regulatory decision 
on the application. SFA estimates that the review of safety assessment dossiers submitted by companies 
will take about 9–12 months. However, this timeline assumes that the safety assessment dossier 
is complete with no further need for questions or clarifications from SFA. As this is generally not the 
case, it is important for companies to engage in pre-submission consultations with SFA and to provide 
parts of their safety assessment dossier in phases for early discussion and allow for opportunities to 
seek clarification.
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At the time of writing, SFA did not make external audits or visits to the facilities of novel food companies during 
the process of evaluation. However, after SFA has issued a pre-market approval for the novel food, like any other 
food establishment, as part of licensing requirements, facilities involved in the production of such novel food based 
in Singapore will be subject to SFA’s inspection programme.

Even after SFA has issued a pre-market approval for a cultured meat product, as with any other food, it would be 
subject to sampling and testing by SFA under the market monitoring programme. SFA has a sampling and testing 
programme in place to ensure food safety. So far, no food safety concerns have been detected in the cultured 
meat products sampled and tested by SFA. 

If changes are made to the manufacturing process of novel foods that have received pre-market regulatory approval 
by SFA and that may affect the validity of the original safety assessment submitted, novel food companies are 
required to seek approval from SFA before the products made using the updated manufacturing process are 
imported, distributed, or sold in Singapore. An example of such a change would be modifications in input materials 
(e.g. cell-lines or culture media components) in the production of cultured meat. It is the responsibility of the 
company to inform SFA should there be any changes to the inputs and processes used for the production of their 
cultured meat product(s).

The outcomes of a novel food safety assessment for a company, is not applicable to similar novel foods 
produced by other companies. This is because novel food safety assessments are specific to the materials and 
manufacturing processes described within the application. Different companies could be using completely different 
materials and processes in the production of their novel foods, and should conduct their own safety assessments, 
even if they are producing a similar novel food. For ease of reference, the flowchart in Figure 10 summarizes the 
process of seeking SFA’s pre-market approval. 

Figure 10.  Process of seeking the Singapore Food Agency’s pre-market approval for cultured meat

if there are deep
scientific issues

If the dossier
is incomplete 

Pre-submission  consultations may involve
regulatory consultants engaged by company 

Preliminary review of safety dossier 

Singapore Food Agency is satisfied
that the dossier is complete 

Issuance of regulatory
decision within 9–12 months

of a complete dossier 

Queries and
clarifications from

companies 

Consultation with
novel food expert
working group 

Initial engagements (for example through
Singapore Food Agency 's novel food virtual clinic) 

Inputs and nature of final products decided 

Rejection

Companies are welcome to apply to
Singapore Food Agency again when
they are able to share further data to

demonstrate safety 

Approval

Companies will be allowed
to sell their novel food product

in Singapore 

Source: Author’s own elaboration.

C. Country case studies: Singapore



66 Food safety aspects of cell-based food

3.3.5.  Steps for production, retail, import/export

Producing cell-based food in Singapore

Following SFA’s pre-market approval of the novel food, companies that wish to set up a food processing establishment 
to produce the novel food product for commercial sale are required to obtain a food processing licence from SFA. 
To obtain a licence, companies first need to ensure that they have a valid registration with the Accounting and 
Corporate Regulatory Authority (ACRA) under the Business Registration Act (Cap. 32) of Singapore. Entities that 
are operating as companies must be incorporated and registered under the Companies Act (Cap. 50).

The process of obtaining a food establishment licence from SFA to produce cell-based food is not significantly 
different from other non-novel food products. Firstly, applicants should ensure that the premise’s location is within 
a food zone area or an area with compatible industrial uses. Secondly, applicants should submit documents covering 
the layout plan, process flow chart and particulars of products for SFA’s preliminary evaluation and pay an application 
fee. SFA will then assess the proposed plans to ensure they are designed in compliance with SFA’s food safety 
requirements.

Once SFA has evaluated the submitted proposal, an in principal approval notification will be sent to companies to 
enable renovations to begin. Thirdly, applicants are required to make an appointment with SFA for a final inspection 
after renovations are completed. Documentation covering the particulars of the appointed hygiene officer, particulars 
of food handlers, cleaning and sanitation programme, pest control programme, maintenance programme and 
leased (tenancy) agreement should be made available for inspection. The final inspection will be carried out at the 
premises before the licence is issued. A licence will only be issued after all accompanying documents are submitted 
and SFA has assessed that the licensing requirements have been met satisfactorily. Companies should also seek 
SFA’s prior approval if they intend to carry out future additional business activities beyond what has been allowed 
in the original licence).

For cultured meat, companies should ensure that all reagents/ingredients used in the manufacturing process have 
been assessed in the submissions approved by SFA prior to the licence being issued. The process flow diagrams 
and descriptions should also cover details such as the preparation of inputs, ingredients, and media, as well as 
processes related to cell banking and those leading to the cell-based food product. Critical control points should also 
clearly be indicated, justified and validated/verified to ensure that they are effective in minimizing food safety risks. 
Further information on the licensing process is available online (SFA, 2023a).

Exporting cell-based food from Singapore

The process of exporting food (novel or otherwise) from Singapore can be summarized as follows:

1.1 ensure that the food product is eligible for entry into the destination country and/or region;
2.1 apply for a trader’s licence from SFA (if applicable);
3.1 seek pre-approval of the export establishment by the competent authority of the importing country;
4.1 apply for the relevant export documents required by the importing country; and
5.1 apply for an export or transshipment permit.

Further information can be found on the SFA website (SFA, 2023b). For cell-based food, it would be prudent for 
companies to first seek pre-market approval of the novel food (if applicable) from the relevant authorities of the 
destination country and/or region before companies initiate the process of exporting such food.
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3.4.	  Food safety assessment

3.4.1.  Assessment guidelines and steps

As the innovations behind novel foods are constantly evolving, the industry will need to align its safety assessment 
based on the specific microbiological, chemical or physical hazards related to their novel food products. While 
there is currently no one-size-fits-all approach for novel food safety assessments, SFA does have general guidance 
for companies seeking pre-market regulatory approval for their novel food products, which can be found on the 
SFA website.

SFA firmly believes that food safety is a joint responsibility and that engagement between regulator and industry 
is key to ensuring an adequate safety assessment for novel foods. SFA encourages early discussions with the 
industry during the initial stages of their product development. Such engagements allow the industry to consider 
the regulator’s guidance and build safety assurance into their product development process. Regulators will also 
benefit from early information provided by the industry on upcoming food innovations that can contribute to their 
regulatory considerations. For companies that require more technical support for safety assessments on their 
products, SFA can help to refer them to Singapore’s FRESH for additional support. 

SFA does not impose a specific format for the safety assessment report to be submitted for pre-market regulatory 
approval. The intention is to facilitate the application process by providing the industry with flexibility and reduce 
the compliance burden. For instance, safety assessments submitted to other overseas regulatory agencies can be 
directly submitted to SFA for review if they contain the necessary information required by SFA.

With respect to cell-based food, the general principles and requirements for the safety assessment report typically 
include the following:

1.	 Information on cell-lines used: As the major, if not the main, composition of cell-based foods would be 
the cell lines, SFA is of the opinion that it is essential to provide detailed information on the cell line used. 
This will include but not be limited to the following:

	 ••1 identity and source of cell lines including information on the origin of the host animal (if applicable);
	 ••	 information to demonstrate that biopsies (if applicable) comply with Singapore’s animal health and 

	 food safety requirements and are free from animal disease; 
	 ••	 methods used for extracting cells from the host animal (if applicable), subsequent selection and 

	 screening of cells;
	 ••1 methods used for cell line preparation and cell line banking;
	 ••	 description of any modifications and adaptations made to the cell lines used, and how these relate 

	 to the expression of substances that may result in any food safety risk;
	 ••1 risk assessments on any chemicals used in the cell line preparation and banking process;
	 ••1 characterization of the cell line (e.g. purity, composition); and
	 ••1 tests on relevant infectious agents (e.g. viruses, bacteria, fungi, prions).

2.	 Production Process: Similar to the production of conventional foods, a good process control during 
production can be critical for ensuring food safety. For this reason, SFA requires applicants to provide 
all relevant information pertaining to their food safety management systems. Accepted documentation 
includes hazard analysis and critical control points (HACCP) plans, good manufacturing practices (GMP) 
and good cell culture practices (GCCP). The documentation must include a clear description of the 
risk monitoring and mitigation steps that have been established, including physical parameters and 
critical control points to address possible inherent risks. A production flow chart should also be provided.

C. Country case studies: Singapore
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	 For example, since cell-based foods are at risk of both chemical and biological contamination during 
the production process, information on the aseptic processing steps established to mitigate the risk 
of contamination to the culture media and cell lines throughout cell line selection, cell adaptation, 
cell proliferation, scaffolding, extraction, concentration and washing should be clearly described and 
highlighted in the safety assessment report.

3.	 Input characterization: Upstream risk assessment through the control of inputs used in production of 
cell-based food is an effective food safety risk management strategy. For this, applicants are required 
to provide the specification characterization (e.g. purity, composition, amount and concentration) 
and food safety evaluation of all the inputs in the safety assessment report. Inputs would include 
all biological and chemical substances and contact materials, intended or unintended, introduced into 
the product during the novel food development and production process.

	 These can include but not be limited to: 
	 ••1 chemical and biological reagents for cell line manipulation and preparation;
	 ••1 scaffolding materials, solvents, enzymes and processing aids; and
	 ••1 culture media, growth promoters, modulating factors and anti-microbials.

	 In addition to the identity and quantification data, companies need to indicate in the safety assessment 
report whether specific inputs are intended as ingredients of the novel food product, whether their 
purities comply with specifications listed on the Singapore Food Regulations, the British Pharmacopoeia, 
the European Pharmacopoeia, the Joint Food and Agriculture Organization of the United Nations (FAO) / 
World Health Organization (WHO) Expert Committee on Food Additives (JECFA) Reports or the Food 
Chemicals Codex.

4.	 Output characterization: As the final food product outputs represent the food safety endpoint of interest, 
the safety assessment report requires their detailed characterization and safety evaluation. Information 
should include but not be limited to:

	 •	 percentages of major components present determined on a dry or wet mass basis (e.g. water content, 
	 protein, fat, carbohydrate, fibres, vitamins, minerals, ash);

	 •	 purity of the food components, identities and quantities/concentrations of impurities that are 
	 expected to be present (e.g. contaminants, toxins, residual solvents, by-products, or metabolites) 
	 whether intended or unintended; and

	 •	 if any of the food components is a potential human health hazard, it must be shown that its presence 
	 in the final product is at levels that will not cause any significant food safety concerns, under the 
	 proposed intended uses and conditions of consumption.

5.	 Toxicity and allergenicity characterization: The safety assessment report must include information 
demonstrating the absence of toxicity risks in the novel food product. This should cover systemic (acute, 
sub-chronic and chronic) toxicity, carcinogenicity, mutagenicity, reproductive toxicity, developmental 
toxicity, genotoxicity and other relevant toxicity parameters. A weight of evidence and tiered toxicity 
testing approach would be applicable for the toxicological assessment.

	 The risks of allergenicity should also be assessed in the safety assessment report and can be calibrated 
according to the inherent risks. For example, shellfish is a common food allergen. Companies using 
cell-lines related to these species might determine the need to better assess this specific allergenicity 
risk through comparing the levels of the major shellfish associated allergens (e.g. tropomyosin) present 
in their novel cell-based food product relative to its conventional counterparts. 

	 It is important to appreciate that the development and production processes of cell-based food, 
as an innovation, can change rapidly together with its associated potential food safety risks. Hence, 
the use of untargeted screening technologies (e.g. genomics, meta-transcriptomics, proteomics and 
metabolomics) might have a role for the evaluation of potential unexpected hazards and associated 
risks through comparison with reference controls.
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SFA is developing regulatory positions on these issues at the time of writing, referencing, where available, relevant 
regulatory positions adopted by other jurisdictions for both the food and pharmaceutical sectors. SFA regularly consults 
the Novel Food Expert Working Group and subject matter experts to seek their views on the proposed regulatory 
position. This will ensure that the regulatory deliberations are backed by rigorous science.

3.5.  Other key considerations outside food safety

3.5.1.  Labelling

Proper food labelling is among the most important and direct channels for manufacturers to communicate accurate 
product information to the consumer, thereby allowing the consumer to make informed dietary choices. Therefore, 
all pre-packed food products for sale in Singapore must be labelled according to the general labelling requirements 
(name of product, list of ingredients, presence of allergens, etc.) of the Singapore Food Regulations. For information, 
guidelines on the use of precautional allergen labelling can be found at https://www.sfa.gov.sg/food-information/
food-allergens/food-labels. 

As with all other foods, novel foods are required to be labelled with product names that accurately describe the 
true nature of the product. In the area of pre-packed alternative proteins such as cultured meat, Singapore requires 
companies to incorporate suitable qualifying terms such as “cultured” or “cell-based” in naming these products 
to indicate their true nature. While there are no positive labelling requirements in the Singapore Food Regulations, 
food businesses are not allowed to label their genetically modified (GM) food products as non-GM food. Similarly, 
food establishments selling non prepacked foods are required to clearly communicate to their customers the true 
nature of the food being sold. Misrepresenting cultured meat as conventionally produced meat will not be allowed.

3.5.2.  Consumer acceptance of cultured meat

As with most new technologies, consumer acceptance of cultured meat is likely to be mixed. However, there are 
emerging signs of growing acceptance of cultured meat. With Singapore being the first country to allow the sale 
of cultured meat to the public, a recent study investigated the acceptance of cultured meat by Singaporeans 
compared to Americans. The study revealed that Singaporeans are generally more accepting of cultured meat, 
which was motivated by a fear of losing out or being left behind (Chong et al., 2022) In addition, there was also 
a desire to project a “trailblazer” trait and to be quick in trying or experiencing novel products such as cultured 
meat. However, there is also scepticism regarding the cost of producing the cultured meat which was reported 
to be approximately USD 50 for a single nugget. Serving the chicken nuggets as a dish was also reported 
to cost SGD 23, which is considered a high-end restaurant price by the local population. It is most likely that the 
production costs for cultured meat will have to be reduced significantly to make it affordable for ordinary 
consumers before cultured meat can be more widely accepted by Singaporeans. 

3.5.3.  Developing the cultured meat industry

As Singapore continues to position itself as a hub to foster innovation and encourage high-potential food tech 
companies to anchor locally, multiple companies who are interested in obtaining regulatory approval in Singapore 
have also engaged with SFA to kickstart the safety assessment of cultured meat products. These companies feature 
a range of products from cultured meat, seafood, milk proteins, fungal proteins, as well as algal and fermentation 
proteins. Several of these cultured meat companies have also attracted investments or interests from state-backed 
investment companies such as Temasek Holdings, Singapore Economic Development Board Investments and 
private venture capital firms such as Big Idea Venture from Singapore. For example, since 2013, Temasek Holdings 
are reported to have invested USD 8 billion in global agrifood supply chains, which includes companies in the cultured 
meat and alternative protein space (Ng and Ramli, 2021). The state backed investment firm also launched the 
Asia Sustainable Foods Platform to provide advisory, pilot facilities and investment support to novel food companies. 
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To encourage innovation in the ecosystem, FoodInnovate, which is a multi-agency food innovation platform led by 
Enterprise Singapore, was launched in 2018. The platform provides resources to food companies to drive food tech 
and innovations, enabling them to develop new and sustainable food products to meet the evolving demands and 
nutritional needs of consumers. Through FoodInnovate, companies can build capabilities, access shared facilities 
and co-innovate with other partners.

Recognizing that the science and technologies surrounding novel foods are extremely new, SFA together with the 
Agency for Science, Technology and Research initiated the Singapore Food Story R&D Programme where SGD 
144 million (about USD 100 million) has been dedicated to drive innovation in sustainable urban food solutions, 
further the production of advanced biotech-based protein (including cultured meats) and develop innovations in 
food safety science. (The Straits Times, 2020) This will help to push towards Singapore’s national agenda of 
strengthening Singapore’s food security. Nonetheless, ensuring public health is still of utmost importance. Therefore, 
all novel food products including cultured meats will be required to undergo safety assessments based on the 
novel food regulatory framework to ensure food safety prior to approval for sale in Singapore. 

3.6.  Discussion
SFA has put in place a regulatory framework for novel foods (including cultured meat), established processes 
and requirements to facilitate applications for pre-market approvals and laid down labelling requirements for 
pre-packed alternative proteins (including cultured meat). Recognizing that the cultured meat industry is new and 
varied, these developments will help to ensure adequate space for the industry and research community to innovate 
while protecting the health of consumers.

However, the novel food industry (including cultured meat) is still rapidly developing, and it is paramount that 
SFA continue to keep abreast of the latest innovations in this area. SFA regularly updates its requirements document 
to ensure that the regulatory framework is robust and relevant. The document was last updated in April 2022.

The challenge of ensuring the safety of cultured meat is not unique to Singapore alone, and Singapore will need 
to work closely with Singapore’s strategic alliances to formulate solutions. Recognizing that collaboration is key, 
SFA has been keen to encourage international conversations on the safety assessment of novel foods. Since 2019, 
SFA has held the Roundtable for Novel Foods to provide a platform to raise awareness about new technologies 
for novel food production, discuss the challenges in safety assessment and explore opportunities to advance 
the regulatory agenda, while encouraging food innovations. This case study, developed in collaboration with FAO, 
is another example of SFA’s efforts to encourage conversations in the international community regarding the safety 
of novel foods such as cultured meat.

©CellX/Ning Xiang
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D.  FOOD SAFETY 
HAZARD IDENTIFICATION

1.	 Overview of the Expert Consultation

For the Expert Consultation held in Singapore from 1 to 4 November 2022 to conduct the first global food safety 
hazard identification of cell-based food, FAO issued an open and global call for experts from 1 April to 15 June 2022 
in order to form a group of experts with multidisciplinary fields of expertise and experience to provide scientific 
advice to conduct the first step of food safety hazard identification of cell-based food.

A total of 138 experts applied and an independent selection panel, reviewed and ranked the applications based 
on the pre-set criteria. Considering the overall score, gender, sector, and geographical balance, 33 applicants were 
short-listed. Among them, 26 completed and signed their Confidentiality Undertaking and Declaration of Interest. 
After the evaluation of all disclosed interests, candidates with no perceived conflict of interest were listed as experts 
while candidates with a relevant background on the matter who had declared interests that could be perceived as 
a potential conflict of interest were listed as resource people. In addition, three have withdrawn their applications 
due to schedule conflict for the Expert Consultation meeting. As a result, a total of 23 people (13 experts and 10 
resource people) formed the Technical Panel for the Expert Consultation.

@Ambi Realfood/ Kamila Santos






























































































































