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Abstract: Cultivated meat and seafood, produced through cell culture technology, offers an alternative to
conventional meat production. This industry employs novel food technologies that rely on culture media
substances for cell growth. Assessing the safety of these components poses challenges due to the lack of
frameworks for determining if a production component is ‘food safe’. This paper presents collaborative efforts
to develop a safety assessment framework for inputs, including a preliminary list of common media components
commonly used in cultivated meat and seafood production, their categorization, and safety-assessed use levels.
The framework was informed by and prioritised with cultivated meat industry stakeholder input, and with
input from the Singapore Food Agency (SFA). A framework for categorizing media ingredients by safety is
proposed, outlining a process to broaden the types of components assessed. The output includes a Safety-
Assessed Media Ingredient (SAMI) list of 56 media components, with proposed SAMI use levels. The goal is for
the SAMI framework to be a resource for developing a harmonised international approach to safety assessments
of media components in cultivated meat production. An internationally recognized methodology could clarify
when a media component is considered ‘food safe’. The SAMI framework assists risk assessors in government,
academia, and industry, providing a resource adaptable across jurisdictions. While the proposed levels facilitate
the screening of safe culture media ingredient levels, they are not intended as strict limits. Future efforts will
refine the assessment methodology to expand the SAMI list to include more complex components in cultivated

meat and seafood.

Keywords: cellular agriculture; cultivated meat and seafood; risk assessment; culture media; food-safe;
food safety assessment

Background

Industrial animal agriculture is a leading contributor to critical environmental problems such as
land degradation and water scarcity and is responsible for up to 26 to 34% of anthropogenic
greenhouse gas emissions (Crippa et al., 2021; Poore and Nemecek, 2018). This raises concerns about
sustainability, food safety and security, worker safety, public health, and the ethical treatment of
animals (FAO 2006). Cultivated meat and seafood products may supply animal-based protein while
offering the potential to enhance global food security and provide benefits to human health, the
environment, and animal welfare (Sinke et al., 2023). Safety demonstration is a critical aspect of
cultivated meat and seafood commercialization and large-scale consumer acceptance.

Culture media, made primarily of water and basic nutrients such as amino acids, carbohydrates,
salts, and vitamins, is used throughout the cultivated meat and seafood manufacturing process to
support survival, growth, and differentiation of cells. Most culture media is removed from the cells
after collection from the bioreactors. However, substances in the media have the potential to

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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accumulate in or bind to the cells, remaining as residues in the final cultivated food product. Safety
of individual culture media substances is typically evaluated using information demonstrating that
the substances can be safely consumed at the estimated or measured concentration in the final
product, or by demonstration that the substance is absent from the final product. Inputs used in the
manufacturing process are assessed by manufacturers and during regulatory review to determine
whether they are safe for use in food or considered ‘food safe’. Critically, there is no established
definition of ‘food safe’ culture media, leaving producers to discern how to demonstrate that their
media formulations are ‘food safe” to food safety authorities.

Additionally, most companies hold their customized media formulations as trade secrets, a
common practice throughout the food manufacturing industry. This customisation is required to
match the specific metabolic requirements of unique cell lines employed by different companies.
Formulations with different substances are regularly developed and iterated to reduce production
costs or improve the efficiency of cell growth. As a result, the composition and safety of each
formulation is evaluated on a case-by-case basis, a time-consuming effort for both companies and
regulatory reviewers.

Creating a risk assessment framework and Safety-Assessed Media Ingredient (SAMI) list
resource for cultivated meat and seafood media components aims to streamline the safety assessment
and regulatory evaluation of cultivated meat and seafood products.

The overall goal of the SAMI list and assessment approach framework proposed in this paper is
to create a methodology for cataloging media components commonly used in cultivated meat and
seafood production and to develop an internationally accepted resource for conducting assessments
of commonly used components with proposed associated SAMI use levels. The list is intended as a
reference to reduce the level of effort and improve the efficiency of assessing the safety of media
inputs for cultivated meat and seafood and concluding the components to be ‘food safe’ for their
intended use level. Note that the use levels are intentionally conservative for screening purposes and
are not intended to be restrictive limits; exceeding the SAMI use level does not indicate a safety
concern, rather it indicates a need for more detailed safety analysis.

Approach to Developing the SAMI List
To develop the SAMI list:

1. The list of media components was developed and refined with industry and regulatory
stakeholder feedback. A short list of 56 substances was selected for Phase 1.

2. Components were organized in a categorization framework considering their history of safe
consumption and the availability of dietary safety information.

3. A safelevel for each component was derived from available safety information.
Stakeholders were engaged in workshops, and feedback was incorporated into the proposed
SAMI methodology and list.

Development of the SAMI List

As cultivated meat is an emerging industry, and companies culture media formulations are
protected as proprietary information, no publicly available list of commercially relevant media
substances currently exists. Therefore, an initial draft list of 41 media substances was generated by
the authors as a starting point. Substances were included if identified in literature or by expert
opinion as common to cultivated meat manufacture.

The results from a targeted online survey of cultivated meat manufacturers, with whom the draft
list was shared, were then used to develop an expanded Phase 1 list and improve its commercial
relevance (with 17 unique cultivated meat-producing or servicing company respondents from a
variety of countries). Seventeen companies replied to a survey sent with the initial list. Companies
were asked to comment on whether each of the 41 media substances should remain in, or be removed
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from, the SAMI list and to suggest the inclusion of any additional substances. Substances were
included in the final list if the majority of companies surveyed were in favor of their inclusion of the
component on the list, resulting in 56 components for this Phase 1 list (see Table 2 for the Phase 1 list).

Companies were invited to voluntarily provide information on the stage of manufacturing the
substance is employed, its concentration, the presence of any residues in harvested cells, and whether
the substances are species- or cell line-specific. Most companies declined to provide these data;
therefore, the list does not consider these attributes. Of the voluntary information provided, it was
confirmed that most substances were not species- or cell line-specific, and therefore the SAMI list
would be widely applicable to many cultivated meat and seafood production processes. All
information was shared by companies on the requirement that it only be used in a de-identified and
aggregated format.

Categorization Approach

A categorization approach aims to classify media components in support of more efficient risk
assessments. Some companies and regulatory jurisdictions propose the categorization of media
components according to their regulatory status, history of safe consumption by humans, and/or
safety assessment (e.g., UPSIDE Foods U.S Food and Drug Administration [FDA] submission
(CCC002), GOOD Meat FDA submission (CCC001)). As the approach for developing the SAMI list is
intended to be internationally acceptable and flexible for use across differing jurisdictions,
categorization relies on available safety information rather than regulatory status.

The initial focus was on media components with established histories of safe use in
food, or those that have been evaluated and confirmed as safe by regulatory or
safety experts. These components are organized into two categories (Category 1
and Category 2). Category 1 substances are recognized as safe for food
consumption without requiring defined upper intake limits, whereas Category 2
substances, although widely agreed to be safe, have established tolerable upper
intake levels (UL) or toxicological thresholds (Table 1). Future work will extend
this framework to include additional substances for which safety data are less
comprehensive.

Category 1

Category 1 culture media components have an established history of safe consumption or use in
food as per relevant regulatory or legislative documents. These substances have been reviewed by a
panel of experts (e.g., Food Chemicals Codex (FCC), Joint FAO/WHO Expert Committee on Food
Additives (JECFA), European Food Safety Authority (EFSA), Food and Drug Administration (FDA),
or other recognized expert body) and/or are common components of conventional food with a history
of safe consumption. These components may have a health-based guidance value (HBGV) of ‘not
specified’, meaning the food substance has very low toxicity which, on the basis of the available data
(chemical, biochemical, toxicological and other), does not represent a hazard to health when
consumed in food. These substances have been established to be safe for use without the need to
establish Tolerable Upper Intake Levels (ULs) or toxicological thresholds. Toxicological studies may
have been conducted for category 1 inputs where the highest concentration tested did not result in
any adverse effects leading to the No Observed Adverse Effect Level (NOAEL) value from the study
being equal to or greater than the highest concentration tested in the study. Category 1 substances
may have a Dietary Reference Intake (DRI) value, but do not have an associated UL value.

d0i:10.20944/preprints202503.0374.v1
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Category 2

Category 2 culture media ingredients also have a history of safe consumption and/or use in food
as per relevant regulatory or legislative documents, but also have established ULs or toxicological
thresholds in addition to HBGV. These substances have been reviewed by a panel of experts (e.g.,
FCC, JECFA, EFSA, FDA, or other recognized expert body) and/or are common components of
conventional food with a history of safe consumption. Nonetheless, they also have established upper
limits for safe dietary exposure. The UL or dietary toxicological threshold values may be established
by a recognized expert body or derived from peer-reviewed scientific safety data. Dietary
toxicological thresholds include peer-reviewed dietary health base guidance values such as NOAELs,
provided the established NOAEL is not equal to or greater than the maximum dose tested in the
study (where the highest dose did not result in any adverse effects) or any other experimentally
derived value that is associated with toxicological effects with suitable margin of exposure values.

Table 1. Summary of Category 1 and 2 inclusion criteria for culture media inputs.

Category Inclusion Criteria

1. Substance DOES have a history of safe consumption or HAS been evaluated by a panel of
experts.
2. Substance DOES have a health-based guidance value that is ‘not specified’ and DOES NOT

Category 1 have an established toxicological threshold.

3. Substance is NOT made using a new manufacturing method

4. Substance is NOT a functionalized form of a safe substance

1. Substance DOES have a history of safe consumption or HAS been evaluated by a panel of

experts.

2. Substance DOES have a specified health-based guidance value or DOES have an established
Category 2 =~ . .

toxicological threshold.

3. Substance is NOT made using a new manufacturing method

4. Substance is NOT a functionalized form of a safe substance

Derivation of SAMI Use Levels

The proposed SAMI Phase 1 list culture media substances are Category 1 or 2 substances. The
SAMI use levels in the SAMI list represent final product/residue levels in the final cultivated meat or
seafood products that have been derived from established DRIs, concentrations of the substance in
conventional foods, and/or developed from established NOAELSs. The SAMI use levels represent non-
restrictive conservative safe use levels to streamline risk assessment. The presence of a substance
above the SAMI use level does not imply that it is not safe for use; rather, it indicates that further risk
assessment is required by the assessor. SAMI use levels are provided in units of mg of component
consumed per day by an individual eating a cultivated meat or seafood product to be inclusive of the
differing intended serving sizes across cultivated meat and seafood products and to be flexible for
use across all jurisdictions.

The DRI values were obtained from those established by the Food and Agriculture
Organization/World Health Organization (FAO/WHO) or other authoritative expert groups. Where
available, SAMI use levels are equivalent to the established DRI value in mg/day.

Concentrations of components in conventional meat and seafood (beef, pork, chicken, and
salmon), or other foods were obtained from government food composition databases and/or peer-
reviewed literature. SAMI use levels are established at a 10% increase over the maximum
concentration of the component in one serving of the conventional food, accounting for variability
across products.

Category 1

Category 1 substances include those with a history of safe consumption. This includes some
carbohydrates, inorganic salts, water-soluble vitamins, fatty acids, and nucleic acid-related
compounds. Category 1 substances may either be either present in conventional food, used in
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conventional food processing, and/or have been evaluated by a panel of experts that has reached a
conclusion of safety for use in food, with “not specified” HBGV or dietary toxicological threshold
values. For salts that dissociate in aqueous solution, the assessment is conducted on the dissociated
aqueous constituent ions.

The SAMI use levels are derived from:

a) Established DRIs; or
b) Levels in conventional meat and seafood; or

c) Levels in other conventional foods with a history of safe consumption.

Figure 1 is a flowchart to visualise the risk assessment strategy for Category 1 components
(Figure 1).

Estimate or measure the
residue level in the final
cultivated product

Is the

concentration in the
cultivated product below h@
the established -
RDA, Al, RDI, or

equivalent?

Is there an
established
RDA, RDI, Al, or
equivalent
value?

Is the
toncentration k4

in the cultivated
‘;@ Safe at intended use level

Are there

documented
measured levels of the
substance in
conventional
foods?

product below or

ithin the 10% exceedance
range of

conventional

foods?

R list, additional safety

No lenger in scope of SAMI
demonstration needed

Figure 1. Flowchart for the risk assessment strategy for Category 1 culture media inputs.

Where a DRI exists, the SAMI use level for Category 1 components is equal to an established
DRI (e.g., Acceptable Daily Intake (ADI), Adequate Intake (AI), Recommended Dietary Intake (RDI),
Recommended Dietary Allowance (RDA), or equivalent value), expressed in mg/day. Although users
of this framework may consider incorporating background exposure, such adjustments have not been
included in this current general framework due to wide variation in different jurisdictions.

Category 1 components present in final cultivated meat and seafood products at concentrations
equal to or below the DRI values satisfy the SAMI use level criteria and are concluded to be at safe
levels for use in cultivated meat and seafood.

For substances with no DRI, the concentration of the substance in conventional meat and seafood
or other foods (if they are not present in conventional meat and seafood) forms the basis for the SAMI
use level. These concentrations are collected from the following food composition databases: USDA
FoodData Central, FSANZ Australian Food Composition Database — Release 2.0, and MEXT —
Standard Tables of Food Composition in Japan - 2015 - (Seventh Revised Version). Values from beef,
pork, and chicken are used to represent meat and poultry values. Salmon was chosen to represent
seafood because of the availability of composition data and because salmon aquaculture is the fastest-
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growing food production system in the world (WWF 2024). Values were included only if the
concentrations of the substance were measured in conventional meat or seafood, while estimates of
concentrations were excluded. If the food composition databases lacked data, a literature search was
conducted for any reported concentrations of the substance in meat, seafood, or other conventional foods.

The maximum measured concentration of the substance in conventional food was identified. A
10% exceedance of this maximum concentration was calculated (see Equation 1). A 110% threshold
value is applied to account for biological variability. In the absence of an internationally harmonized
threshold for biological variation, a 10% exceedance is adopted for this framework. The concept of
substantial equivalence — commonly used to compare genetically modified products with their
conventional counterparts — supports this approach. For example, regulatory agencies have
employed a 10% threshold to determine whether nutritional differences between cloned salmon or
pigs and their natural comparators were biologically significant (FDA 2008; FDA 2015). Furthermore,
studies on variability in amino acids, vitamins, and minerals in conventional livestock often report
values exceeding 10% due to difference in genetics, breed, species, and environment (Kahmouh et al.,
2024). Therefore, a 10% threshold was adopted for this general framework. Additional explanation
for the uncertainties represented by the 10% exceedance of the maximum concentration in
conventional meat and seafood are provided in the Uncertainties and Limitations of the SAMI list
section of the paper.

Assuming that cultivated meat and seafood is intended to serve as a substitute for conventional
meat, an appropriate serving size is established considering recommended serving sizes. As a
representative case, the SAMI use level (expressed in units of mg/day) assumes a daily consumption
of 90g of cultivated meat and seafood, equivalent to one suggested serving size of meat in Singapore
(HealthHub 2022). These baseline values may be adjusted to reflect geographical variations in dietary
patterns. In cases where direct measurements for a substance in meat are unavailable (such as for
substances lacking published data, or for substances that are not typically present in meat), values
from other conventional food sources are used. When the comparator is derived from other
conventional foods, the assumed serving size is aligned with that of the reported conventional food.
For example, the concentration of sulphate is not reported in meat, therefore values reported in
brussels sprouts are used, with a corresponding standard serving size of 100 g for vegetables
(HealthHub 2022).

Equation 1. SAMI use level, derived from concentration in conventional foods

SAMI use level (%) =
(1.1)

Conc.of component in conventional food (%) x daily serving size (d%y) x 10% exceed
If a Category 1 component is estimated or measured in the product above the SAMI use level,
additional safety demonstration is required to conclude whether that it is safe under the conditions
of intended use. However, the exceedance of a SAMI use level in a product does not indicate the level
is unsafe, only that further safety demonstration is necessary to reach a safety conclusion.
Media components must also meet regional requirements, including the specified standards for
food-grade substances (e.g., those set by the FCC or JECFA) or similar, where applicable.

Category 2

Category 2 media components include substances with a history of safe consumption, including
some amino acids, water-soluble vitamins, fatty acids, inorganic salts, nucleic acid-related
compounds, and organic substances with established ULs or dietary toxicological threshold values.
Category 2 substances may either be present in conventional food; are used in conventional food
processing; and/or an evaluation conducted by a panel of experts has concluded their safe use in food
if below ULs, or established dietary toxicological thresholds. For salts that dissociate in aqueous
solution, the assessment is conducted on the constituent ions.
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Category 2 SAMI use levels are derived from:
a) Established Dietary Reference Intakes (DRIs); or
b) Levels in conventional meat and seafood; or
c) Levels in other types of conventional foods with a history of safe consumption; or
d) Peer reviewed published toxicological thresholds.

A flowchart has been developed to visualise the risk assessment strategy for Category 2
components (Figure 2).

Estimate or measure the
residue level in the final
cultivated product

Is the

Is there an

i concentration in the
R[;:n E;{bl[lﬁh:rj or cultivated product below -~ @
e ‘uivajlem’ the established - U
1 RDA, Al, RDI, or

value?

equivalent?

> No
Are there concentration ¥
documented in the cultivated
measured levels of the product below or > i
substance in ithin the 10% exceedance, T Yes Safe at intended use level
conventional range of
foods? conventional *
foods?
>®
Does the
Is there a concentration in the /—\
literature-based cultivated product » Yes
NOAEL value? have an U
MOE = 1007
h 4 ¥ h 4

Mo longer in scope of SAMI ‘

——» list, additional safety

demonstration needed

Figure 2. Flowchart for the risk assessment strategy for Category 2 culture media inputs.

If a DRI exists, the SAMI use level for Category 2 components is equivalent to an established DRI
(e.g, ADL Al RDI, RDA, etc.). Recommended or adequate intake values (e.g., ADI, Al, RDI, RDA), were
selected as the benchmarks for safety assessment because they provide a more conservative approach
than using the UL. Category 2 media components present at levels equal to or below the DRI values satisfy
the SAMI use level criteria and are safe for use in cultivated meat and seafood.

For substances with no established DRI, the concentrations of the substance in conventional meat
and seafood or other foods (if they are not present in conventional meat and seafood) are used to
establish SAMI use levels. The use level is derived by calculating 10% above the reported
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concentrations in conventional meat and seafood or other conventional foods, as previously
described.

For substances without DRIs or reported concentrations in meat, seafood, or other foods, the
SAMI use levels for Category 2 components are derived from a Margin of Exposure (MOE)
calculation using an established NOAEL value, according to the principles described by FAO/WHO
(2009). NOAELs are established from relevant and scientifically sound animal or human dietary
studies. Appropriate uncertainty factors are applied to account for interspecies differences,
intraspecies variability, and other uncertainties in the data. For example, an uncertainty factor of 100
is used to convert the NOAEL from a study in experimental animals (e.g., repeated dose 90-day oral
toxicity study in rats) into a mg/kg SAMI level. The mg/kg SAMI level is then multiplied by a
conservative adult body weight value of 60 kg to reach the mg/day SAMI level. A body weight of 60
kg is used as a conservative body weight for most populations (FAO/WHO, 2020). For the initial
SAMI list, DRIs or concentrations in meat, seafood, or other foods exist for all components; therefore,
derivation of a safe-use level based on a NOAEL was not required.

If a Category 2 component is estimated or measured in the cultivated meat or seafood product
at a concentration above the SAMI use level, this is not an indication the level is unsafe, only that
additional safety demonstration is required to reach a conclusion of safety under the conditions of
intended use.

Media components must also meet regional requirements, including the specified standards for
food-grade substances (e.g., those set by the FCC or JECFA) or similar, where applicable.

Engagement with Stakeholders

Two workshops were held to present the SAMI list, categorization approach, and SAMI use level
calculations to cultivated meat and seafood stakeholders and receive feedback on the SAMI
framework approach. The stakeholders included representatives of cultivated meat companies,
culture media companies, academia, governmental, non-governmental, and other organizations
interested in the field of cultivated meat and seafood. A brief overview of the SAMI list methodology
including the media categorization approach and high-level explanation of the use level calculations
was presented alongside the media components currently included on the SAMI list and their
respective use levels. The first workshop was held in Amsterdam, Netherlands on October 24, 2024
as a part of the Regulating the Future of Food Conference was attended by 20 individuals. The second
workshop was held at the Marina Bay Sands Conference Center, Singapore on November 18, 2024 as
a part of the Roundtable on Novel Food Regulations organised by the Singapore Food Agency during
Singapore International Agri-Food Week 2024 included around 120 participants.

Many participants provided feedback on the SAMI framework, including its overall concept, the
categorization of media components, the methodology to derive the SAMI use levels, and additional
considerations for its implementation. They also highlighted needs associated with assessing media
components beyond Category 1 and 2 substances. Overall, there was consensus that the framework
could enhance regulatory and industry efficiency while maintaining safety. However, participants
emphasized the need for flexibility to accommodate jurisdictional difference in factors such as body
weight, serving sizes, and DRIs. Some participants noted that listing final residue level poses practical
challenges for producers compared to specifying allowable concentrations in manufacturing.
However, from a safety assessment perspective, the proposed approach is more practical as it
accounts for variations in manufacturing processes —where the same substance concentration can
result in different residue levels depending on the process used. The SAMI approach remains aligned
with regulatory frameworks such as maximum residue limits for agricultural residues. There was
discussion on the appropriate unit for reporting exposure levels. While some participants suggested
using mg/kg, expressing limits in mg/day was identified to be a more suitable approach, as it accounts
for variations in serving sizes across different products. There was a strong interest in expanding the
SAMI framework to include additional substances, particularly those beyond Category 1 and 2. The
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collected feedback has been incorporated into the methodology and informed next steps outlined in
this paper.

SAMI List Use Levels

The proposed SAMI use levels are expressed in milligrams (mg) per day, facilitating an
exposure-based level in cultivated meat and seafood products. The SAMI use levels are presented in
mg/day to provide cultivated meat and seafood companies flexibility in product development. Units
of mg/day allow companies to account for custom serving sizes for products as long as the
concentration present in the anticipated consumed volume of their product in one day (generally
assumed as one serving) does not exceed the SAMI use level. Providing the SAMI use levels in other
units, such as concentration in the product (mg/kg), does not consider serving sizes for various types
of cells (e.g., muscle, fat) across different products (e.g., chicken breast vs. sausage). The SAMI use
levels in mg/day also takes into account variation in recommended serving sizes across different
regions. This approach provides all jurisdictions with the flexibility to adapt SAMI use levels with
consideration to local consumption patterns, DRI values, background exposure levels and average
body weights. Additionally, providing the SAMI use levels as concentration in media (mg/L) was not
considered as it does not account for the differences that occur in cultivated meat and seafood
manufacturing and culturing processes, nor does it provide final product safety demonstration.
Therefore, units of mg/day for SAMI use levels allow companies and regulatory reviewers to identify
the serving size for products and demonstrate that daily consumption of the substance in a cultivated
meat or seafood product does not pose a safety hazard. For cultivated meat and seafood products
that are consumed in smaller volumes, a higher concentration of the component in the final product
may be acceptable, and conversely, lower concentrations may be warranted for cultivated products
consumed in larger quantities.

Risk assessors may use the SAMI use level as follows: The concentration of a specific culture
media component is estimated or measured in the final cultivated meat and seafood product (mg/kg)
and multiplied by a daily serving size (kg/day), resulting in a daily intake value (mg/day). The daily
intake value is compared to the SAMI use level. This list is intended to assist risk assessors in their
evaluation of culture media inputs; however, the SAMI use levels may be tailored to adhere to the
requirements of different jurisdictions. Culture media components lower than the reported SAMI use
level are considered to be safe for their intended use in cultivated meat and seafood products.
Conversely, higher concentrations do not signify that the final product is unsafe; rather, they indicate
that further safety assessment is necessary to conclude safety of the component under the intended
usage conditions.

Equation 2: Calculation of daily intake

Daily intak (mg)
alylnae day

. . . . . . K
= Concentration of component in cultivated food (1:—5) x daily serving size (ﬁ)

SAMI use levels for the components included in the Phase 1 list have been derived using
Equation 2 and summarized in Table 2. The Chemical Abstract Service (CAS) registry numbers for
the components originate from the specifications of relevant salt forms and isomers (for example,
amino acid isomers) as listed in the FCC and JECFA specifications. Future versions of SAMI list may
be expanded to include CAS numbers of additional salt derivatives or isomers that currently lack
specifications.
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Table 2. Phase 1 SAMI list Components with Use Levels.
Type of Lige Derivation of SAMI Use SAMI use level
Component  CAS Number P Category  JECFA
Component level (mg/day)
Spec
Glycine 56-40-6 Amino Acid 2 yes ~Concentrationin meatand 1600
seafood
. 56-41-7 . . Concentration in meat and
L-Alanine 302727 Amino Acid 1 Yes seafood 1400
L-Arginine 74-79-3 . . Concentration in meat and
hydrochloride 1119-34-2 Amino Acid ! Yes seafood 1400
L-Asparagine 70-47-3 . . Concentration in meat and
monohydrate 5794-13-8 Amino Acid 2 Yes seafood 3300
. . 56-84-8 . . Concentration in meat and
L-Aspartic Acid 617-45-8 Amino Acid 2 Yes seafood 2600
. 52-89-1 . X Concentration in meat and
L-Cysteine 7048-04-6 Amino Acid 2 Yes seafood 270
. . 56-86-0 . X Concentration in meat and
L-Glutamic Acid 138-15-8 Amino Acid 1 Yes seafood 3500
L-Glutamine 56-85-9 Amino Acid 2 Yes ~Comcentrationin meat and 3500
seafood
L-Histidine Lo
hydrochloride 5934-29-2 Amino Acid 2 Yes Concentration in meat and 1100
71-00-1 seafood
monohydrate
. 73-32-5 . . Concentration in meat and
L-Isoleucine 443-79-8 Amino Acid 2 Yes seafood 1100
. 61-90-5 . . Concentration in meat and
L-Leucine 108.392 Amino Acid 1 Yes seafood 1800
L-Lysme. 657-27-2 Amino Acid 1 Yes Concentration in meat and 2100
hydrochloride seafood
L-Methionine 63-68-3 Amino Acid 5 Yes Concentration in meat and 710
59-51-8 seafood
. 63-91-2 . . Concentration in meat and
L-Phenylalanine 150-30-1 Amino Acid 2 Yes seafood 900
. . . Concentration in meat and
L-Proline 147-85-3 Amino Acid 1 Yes 1100
seafood
. 56-45-1 . . Concentration in meat and
L-Serine 302-84-1 Amino Acid 1 Yes seafood 900
. . . Concentration in meat and
L-Threonine 72-19-5 Amino Acid 1 Yes 1100
seafood
73-22-3 . . Concentration in meat and
L-Tryptophan 54-12-6 Amino Acid 2 Yes seafood 280
L-Tyr051.ne sodium 60-18-4 Amino Acid 2 Yes Concentration in meat and 1000
salt dihydrate seafood
L-Valine 72-18-4 Amino Acid 1 yes ~Concentrationin meatand 1200
seafood
Linoleic acid 60-33-3 Fatty acid 1 Yes DRI 2200
Lipoic acid 1077-28-7 Fatty acid 2 No  Concentration in meatand 0.099
seafood
e . Concentration in meat and
Myristic acid 544-63-8 Fatty acid 1 Yes 2600
seafood
. . 112-80-1 . Concentration in meat and
Oleic acid 143-19-1 Fatty acid 1 Yes seafood 26000
e . Concentration in meat and
Palmitic acid 57-10-3 Fatty acid 1 Yes 15000
seafood
L 57-11-4 .
Stearic acid 1592-23-0 Fatty acid 1 Yes DRI 5700
. . 10043-52-4 . DRI Calcium - 1000
Calcium chloride 10035-04-8 Inorganic salt 2 Yes DRI Chloride - 3100
Cupric Sulphate 7758-98-7 Inorganic salt 2 Yes C DtRIt' i SoPReroR?
pricSup 7758-99-8 & oneentration In Sulphate - 100
conventional food
DRI Iron-8
Ferric Ammonium Concentration in meat and Ammonium - 18
Citrate 1185-57-5 Inorganic salt 2 Yes seafood
Concen.tratlon in Citrate - 3000
conventional food
R . DRI Iron-8
Ferric Nitrate 7782-61-8 Inorganic salt 2 No

DRI

Nitrate - 220
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DRI Iron -
Ferric Sulphate 7782630 Inorganic salt 2 Yes C tration i ot
P 7720-78-7 8 oncentration m Sulphate - 100
conventional food
Magnesium . DRI Magnesium - 320
7791-18- I It 2 Y
Chloride o1-186 norganicsa ° DRI Chloride - 3100
M . 14168-73-1 DRI Magnesium - 320
Saﬁils;;m 10034-99-8 Inorganic salt 2 Yes Concentration in Sulphate - 100
P 15244-36-7 conventional food wiphate
DRI Potassium - 2600
Potassi hlori 7447-40-7 I ic salt 1 Y
otassium Chloride 0 norganic sa es DRI Chloride - 3100
. DRI Sodium - 2000
Sodium 144-55-8 Inorganic salt 1 Yes C tration i
Bicarbonate 8 oncen. ration n Carbonate - 6600
conventional food
DRI Sodium - 2000
i hlori 7647-14- I ic salt 1 Y
Sodium Chloride 6 5 norganic sa es DRI Chloride - 3100
Sodium Phosphate 7558-79-4 Inoreanic salt ’ Yes DRI Sodium - 2000
Dibasic 10028-24-7 8 DRI Phosphorus - 800
Sodium Phosphate 7558-80-7 Inoreanic salt 9 Yes DRI Sodium - 2000
Monobasic 10049-21-5 & DRI Phosphorus - 800
DRI Sodium - 2000
Sodi t 113-24-6 I ic salt 1 N C tration i
odium pyruvate norganic sa o oncentration in Pyruvate - 43
conventional food
Sodium Selenite 10102-18-8 Inoreanic salt 9 Partial DRI Sodium - 2000
13410-01-0 & (selenate) DRI Selenium — 0.055
Zinc Sulphate 7446-20-0 Inorganic salt 2 Yes C DtRIt' i et
WP 7446-19-7 & oncenfration m Sulphate - 120
conventional food
Biotin (Vitamin B7) 58-85-5 Vitamin 1 Yes DRI 0.03
Cobalamin N
(Vitamin B12) 68-19-9 Vitamin 1 Yes DRI 24
Choline Chloride 67-48-1 Vitamin 2 Yes DRI 430
(Vitamin B4)
D-Calcium 137-08-6
pantothenate 6381-63-1 Vitamin 1 Yes DRI 5
(Vitamin B5) 6363-38-8
Folic Acglg;\/ltamm 59-30-3 Vitamin 2 Yes DRI 04
Niacinamide .
(Vitamin B3) 98-92-0 Vitamin 2 Yes DRI 14
Pyridoxine
hydrochloride 58-56-0 Vitamin 2 Yes DRI 1.3
(Vitamin B6)
Riboflavin (Vitamin 83-88-5 o
B2) 130-40-5 Vitamin 1 Yes DRI 1.1
Thiamine
Hydrochloride 67-038 Vitamin 1 Yes DRI 1.1
. 532-43-4
(Vitamin B1)
Vitamin A Acetate g ¢ g Vitamin 2 Yes DRI 07
(Retinyl acetate)
Vitamin C 50-81-7
Vitami 2 Y DRI 7
(Ascorbic Acid) 134-03-2 famin ° >
50-99-7158367-01- Organic
D-Glucose 4150-99-7 compound 1 Yes DRI 50000
Hyp(?xanthme 45738-97-4 Organic 1 No Concentration in meat and 130
sodium salt compound seafood
iinositol 87.89-8 Organic 1 Yes Concentration in meat and 0
compound seafood
. Putrescme. 333.93-7 Organic ’ No Concentration in meat and 38
dihydrochloride compound seafood

Derivation of SAMI Use Levels for Category 1 Components

This section explains the approaches employed in establishing SAMI use levels for the
subcategories within Category 1 components.
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Amino Acids

Category 1 amino acids include L-glutamic acid, L-leucine, L-lysine hydrochloride, L-threonine,
L-valine, L-alanine, L-arginine hydrochloride, L-proline, L-serine. These amino acids have a history
of safe consumption, have been reviewed as ingredients by panels of experts, and do not have
established upper toxicity thresholds. None of these amino acids have established internationally
recognized DRIs. There are reported concentrations in conventional meat and seafood. Therefore, the
SAMI use level was derived from a 10% exceedance of the reported amino acid concentration in one
90 g serving of conventional meat and seafood.

Fatty Acids

All listed fatty acids (except lipoic acid) are classified as Category 1 components. These fatty
acids have a history of safe consumption as a component of food, and do not have established upper
toxicity thresholds. Stearic acid and linoleic acid have established ADIs or RDIs which were used to
derive the SAMI use level. The remaining fatty acids (myristic acid, oleic acid, and palmitic acid) have
reported concentrations in conventional meat and seafood, and SAMI use levels were derived using
a 10% exceedance of the reported fatty acid concentration in one 90 g serving of conventional meat
and seafood.

Inorganic Salts

Potassium chloride, sodium bicarbonate, and sodium chloride are classified as Category 1. These
inorganic salts have a history of safe consumption, have been reviewed for safety by experts, and
their respective dissociated ions do not have established upper toxicity thresholds. The SAMI use
level for each inorganic salt was derived from the established DRI for the aqueously dissociated ions
of the inorganic salt.

Vitamins

Biotin, D-calcium pantothenate, riboflavin, thiamine hydrochloride, and cobalamin are classified
as Category 1 components. These vitamins have a history of safe consumption, have been reviewed
by expert panels, and do not have established upper toxicity thresholds. The SAMI use level for each
vitamin was derived from an established DRI.

Organic Substances

Five other organic substances are included on the SAMI list: D-glucose, i-inositol, hypoxanthine

sodium salt, and putrescine dihydrochloride. Except for putrescine dihydrochloride, these
substances were classified as Category 1 components. These organic substances have a history of
safe consumption as components of food, and do not have established upper toxicity thresholds. The
SAMI use level for D-glucose was derived from the established daily upper intake recommendation
level. None of the other organic substances had a DRI value. I-inositol and hypoxanthine sodium salt
have reported concentrations in conventional meat and seafood, therefore, the established SAMI use
level for these components was derived from a 10% exceedance of the reported concentration of the
substance in one 90 g serving of conventional meat and seafood.

Category 1 Case Study — L-Alanine

L-alanine is an amino acid with a long history of safe consumption and has been reviewed by
several expert panels and concluded to be safe (FAO/WHO 2005, EFSA 2010). Oral toxicity studies
were conducted for L-alanine. A four-week oral toxicity study in Sprague-Dawley rats observed that
a repeated oral dose of 2000 mg/kg bw/day of L-alanine did not result in any adverse effects (Aoki et
al., 2014). The highest concentration administered in the study was 2000 mg/kg. Therefore, a NOAEL
could not be established for L-alanine. Additionally, no established DRIs exist for L-alanine or any of
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the other amino acids. The concentration of L-alanine in conventional meat and seafood is reported
in government food composition databases. The concentrations of L-alanine in beef, pork, chicken,
and salmon were obtained from USDA FoodData Central, FSANZ Australian Food Composition
Database - Release 2.0, and MEXT - Standard Tables of Food Composition in Japan - 2015 - (Seventh
Revised Version). Values from beef, pork, and chicken are used to represent meat and poultry values.
Salmon was chosen to represent seafood because of the availability of composition data and because
salmon aquaculture is the fastest-growing food production system in the world (WWEF 2024).

The L-alanine concentration ranges for beef, pork, chicken, and salmon were 620-1290 mg/100 g,
750-1200 mg/100 g, 984-1300 mg/100 g, and 1200-1390 mg/100 g, respectively. This results in a range
of 620-1390 mg/100 g for L-alanine in conventional meat and seafood. The calculated 10% exceedance
for that range is 558-1529 mg/100 g. The 10% exceedance of the maximum concentration of L-alanine
in conventional meat and seafood was adjusted from a recommended single serving size of 90 g of
conventional meat and seafood to result in the derived SAMI safety limit of 1400 mg/day for L-alanine
for one serving of cultivated meat and seafood. Final cultivated meat and seafood products
containing L-alanine in concentrations equal to or less than 1400 mg/day are similar to levels in
conventional food and do not pose a food safety concern. Cultivated meat and seafood products
containing concentrations of L-alanine that result in consumption of greater than 1400 mg per day of
L-alanine fall outside of the scope of the SAMI list and require additional justification effort to
demonstrate safety at the intended use levels. Note than an exceedance of the SAMI use level
indicates only that additional analysis is required, not that the product is not safe for consumption.

Derivation of SAMI Use Levels for Category 2 Components

This section describes the approach used in establishing SAMI use levels for the subcategories
within Category 2 components.

Amino Acids

The Category 2 amino acids include glycine, L-cysteine, L-isoleucine, L-methionine, L-
phenylalanine, L-tryptophan, L-asparagine monohydrate, L-aspartic acid, L-glutamine, L-histidine
monohydrate, and L-tyrosine sodium salt dihydrate. These amino acids: have a history of safe
consumption; have been reviewed by expert panels; and have established NOAEL values. These
amino acids do not have internationally recognized established DRI values. However, they did have
reported concentrations in conventional meat and seafood. Therefore, the established SAMI use level
was derived from a 10% exceedance of the reported amino acid concentration in a 90 g serving of
conventional meat and seafood.

Fatty Acids

Lipoic acid is classified as a Category 2 component. Lipoic acid has a history of safe consumption
as a component of food and has an established toxicological threshold (a NOAEL value). There is not
an established DRI value for lipoic acid. However, there are reported concentrations of lipoic acid in
conventional meat and seafood. Therefore, the established SAMI use level for lipoic acid was derived
from a 10% exceedance of the reported concentration of the fatty acid in a 90 g serving of conventional
meat and seafood.

Inorganic Salts

Calcium chloride, cupric sulphate, ferric ammonium citrate, ferric nitrate, ferric sulphate,
magnesium chloride, magnesium sulphate, sodium phosphate dibasic, sodium phosphate monobasic,
sodium pyruvate, sodium selenite, and zinc sulphate are classified as Category 2 components. Their
respective dissociated ions have a history of safe consumption and have been reviewed by expert panels,
but also have established UL values. The SAMI use level for each inorganic salt was calculated from the
established DRI value for the dissociated ions of each inorganic salt.
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Vitamins

Choline chloride, folic acid, niacinamide, pyridoxine hydrochloride, retinyl acetate, and ascorbic
acid are classified as Category 2 components. The vitamins have a history of safe consumption and
have been reviewed by expert panels, with have established UL values. The SAMI use level for each
vitamin was calculated using the established DRI value.

Other Organic Substances

Putrescine dihydrochloride is classified as Category 2 due to a history of safe consumption as a
component of food, but has an established toxicological threshold (a NOAEL value). Putrescine does
not have an established DRI value. However, there are reports of putrescine concentrations in
conventional meat and seafood available in the literature. Putrescine is present in fermented sausages
at levels of up to 1550 mg/kg and in fish and fish products at levels of up to 337 mg/kg (EFSA 2011;
del Rio et al., 2019). Therefore, the established SAMI use level for putrescine dihydrochloride was
derived from a 10% exceedance of the reported concentration in a 90 g serving of conventional meat
and seafood.

Category 2 Case Study - Sodium Phosphate Dibasic

Sodium phosphate dibasic is an inorganic salt that dissociates into sodium and phosphate ions
in aqueous solution. Sodium and phosphorus have long histories of safe consumption as they are
present in conventional foods. In addition, sodium phosphate dibasic has a long history of use in
food processing (Gélinas 2022). The FAO/WHO recommends a maximum of 2000 mg/day sodium in
adults (FAO/WHO 2014). No ULs have been established for sodium. The FAO/WHO established an
RDA of 800 mg/day and a UL of 4000 mg/day for phosphorus (FAO/WHO 2019). Due to the
establishment of a UL for the dissociated ions of phosphorus, sodium phosphate dibasic is classified
as a Category 2 substance. Sodium and phosphorus have established DRI values, and these were used
to derive the SAMI use levels. The SAMI use levels for the dissociated ions of sodium and phosphorus
are equal to their established DRI values, 2000 mg/day and 800 mg/day, respectively. Final cultivated
meat and seafood products containing sodium in concentrations equal to or less than 2000 mg per
day and phosphorus in concentrations equal to or less than 800 mg per day are within the scope of
the SAMI list and do not pose a food safety concern at the intended use levels. Cultivated meat and
seafood products containing concentrations of sodium greater than 2000 mg/day or concentrations
of phosphorus greater than 800 mg/day are outside of the scope of the SAMI list. While this does
indicate inherent safety concerns, additional evidence is required to establish safety at the intended
use levels.

Uncertainties and Limitations of the SAMI List

The SAMI list is intended to be a non-restrictive list of common culture media inputs and their
respective levels of safety in cultivated meat and seafood products. It is intended to be a flexible
approach that can be adapted and modified to encompass the differing regional requirements across
international jurisdictions. The SAMI list presented here aimed to incorporate available
internationally accepted values, or in absence of such values, standard values established by
jurisdictions (e.g. average body weight, serving size). The assumptions and data used to create the
SAMI list are detailed below for clarification and to assist in the adaptation of the framework to be
applicable in other jurisdictions.

The DRI values used to calculate the SAMI use levels were adopted from internationally
recognized bodies such as FAO/WHO, however, some jurisdictions may establish their own DRI
values; the SAMI use levels may requirement adjustment of DRI-derived levels to reflect the
jurisdiction of interest. Additionally, the DRI values chosen are generally applicable to healthy, adult
(19+ years of age) individuals. The SAMI use levels do not encompass how the safety levels may
change for sensitive subpopulations such as immuno-compromised, hyper-sensitive, or chronically

d0i:10.20944/preprints202503.0374.v1
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ill individuals. Further, background exposure levels have not been specifically incorporated beyond
consideration of conventional food comparators.

The SAMI use levels derived from conventional concentrations were obtained from a 10%
exceedance of the reported measured concentration range for comparable meat products. There is a
large range of variation in the concentration of substances in meat products due to species variation,
variation in the animal itself across the different cuts of meat, and different breeds of animals in the
same species (Yaranoglu et al., 2023; Jiménez-Colmenero et al., 2010; Marshall 1994). Variations in an
animal's diet, environmental conditions, and management practices can significantly influence its
physiological composition and the levels of micro- and macro-nutrients in conventional meat
(Srednicka-Tober et al., 2016). The values collected from government databases only represented one
measured datapoint of a specific food item, not an average compositional assessment obtained from
measurements across multiple meat and seafood samples. Additionally, the US, Australia, and Japan
were the only regions represented in the collected data due to the availability of information for the
components of interest. When concentrations of the component of interest were not reported in the
governmental composition databases, the levels were obtained from peer-reviewed literature that
fully described the methods of concentration analysis (Wu et al., 2016; McLean et al., 2024; FoodData
Central 2020; FoodData Central 2019a; Kopec et al., 2020; FoodData Central 2019b; Kaminska and
Chwatko, 2020; Mattulat and Baltes, 1992; Young 1982; Kaneko et al., 2014; Clements and Darnell,
1980; del Rio et al., 2019; Schirone et al., 2022; Florin et al., 1993; Sun Yoo and Pike, 2001; Rudman et
al., 1973; Granchi et al., 2019; Haleblian et al., 2008; National University of Singapore 2021; Oregon
Department of Human Services 1998; HealthHub 2022).

Next Steps

This paper is intended to serve as a starting point for discussion toward a more efficient safety
assessment methodology of the inputs to cultivated meat and seafood products. The ultimate aim of
the SAMI framework is for the categorisation framework and SAMI list to be a guide employed by
companies for their use of media components and development of safety dossiers for regulatory
approval, and for regulatory bodies across jurisdictions to support the development of a harmonised
international approach to the safety assessment of media components.

Feedback from stakeholders plays a vital role in enhancing the SAMI risk assessment framework
and the SAMI list, as we aim to ensure that the methods used align with international food risk
assessment standards, providing value to the industry, regulators, and other involved parties.
Additionally, this project may encourage non-governmental bodies such as the FCC or JECFA to
develop additional specifications for the SAMI culture media inputs currently lacking specifications
or create culture media specific specifications for some components.

The next step is to continue gathering stakeholder feedback on the categorization approach and
SAMI list. The vision is to expand the list to include additional Category 1 and 2 components
commonly used in cultivated meat and seafood production, include other subcategories of substances
such as metabolites of the culturing process and allergens, and, as more data is developed, eventually
include substances that may not have an established history of safe use in food, such as recombinant
growth factors. The SAMI list may also expand to include categorization and assessment of more
complex macromolecules that may be used in the cultivated meat and seafood process such as
scaffolds, microcarriers, animal sera, and complex extracts from biological sources.

Collecting stakeholder feedback on the current version of the SAMI list helped identify
outstanding questions. Future stakeholder engagement is intended to gather feedback from more
non-governmental bodies such as the FCC, JECFA, and the Organisation for Economic Co-operation
and Development (OECD). Further outreach will assist in optimizing the SAMI list to incorporate
additional substances and be flexible enough to be an approach that is adopted across all
jurisdictions.

As the SAMI framework continues to be developed and expanded, new substances such as
substances without a history of safe use in food may require the development of new analytical
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methods for measuring components in the final cultivated meat and seafood products or to measure
the stability of components in cultivated meat and seafood after cooking and digestion.
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