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Division of Dockets Management (HFA-305)
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Rockville, MD 20852

Re: Labeling of Foods Comprised of or Containing Cultured Seafood Cells; Request for
Information; Docket No. FDA-2020-N-1720

Dear FDA Officials:

BlueNalu appreciates the opportunity to provide comments on the Food and Drug Administration’s
(FDA’s) Request for Information on the Labeling of Foods Comprised of or Containing Cultured
Seafood Cells (the RFI)." BlueNalu is the leader in developing cell-cultured seafood products, which
we intend to bring to market. BlueNalu applauds FDA'’s leadership in beginning the discussion around
the appropriate name for these products.

BlueNalu recognizes the importance for consumers—and industry—to have an accurate and
consistent approach for naming seafood products produced using cell-culture methods. To that end,
BlueNalu has sponsored one of the nation’s leading experts on food safety communications to conduct
independent empirical research to identify the best name for cell-cultured seafood products. Driven
by that research, BlueNalu has reached three key conclusions about product naming for these
products:
o First, cell-cultured seafood products should bear a common or usual name that clearly informs
consumers that the product was produced using cell-culture technology while also reinforcing
that the food remains a seafood product of a particular species.

e Second, the appropriate way to convey this information to consumers is to include the term
“cell-cultured seafood” in the product name, coupled with the market name of the species (e.g.,
“Mahi-mahi, cell-cultured seafood”).

e Third, it is essential that cell-cultured seafood products bear a common or usual name in a
uniform manner, and BlueNalu encourages FDA to take steps as appropriate to ensure
uniformity.

This approach ensures that consumers can readily identify these products as being a specific form of
seafood produced in a particular way, which is essential for protecting consumer expectations as well

1 85 Fed. Reg. 63277 (Oct. 7, 2020).
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as ensuring that food-allergic consumers are immediately made aware that these are fish or shellfish
products that contain fish or shellfish allergens.

Furthermore, BlueNalu recognizes that a single term used across seafood, meat, and poultry product
categories will reinforce and strengthen consumer understanding. As these products commercialize
and reach the market in the United States, it is essential they are labeled clearly and uniformly within
the seafood category, and consistently across meat and poultry product categories, to protect
consumer expectations and build consumer familiarity with these products.

Driven by this research and in light of the best available evidence, to promote consumer
understanding and expectations, BlueNalu intends to identify our cell-cultured seafood
products using the format “market name, cell-cultured seafood” as the statement of identity.

In these comments, we first provide background on our company, then describe in depth the cutting-
edge research on product naming for cell-cultured seafood, and finally respond to each question raised
in the RFI.

I. The BlueNalu Approach

BlueNalu’s goal is to be the global leader in cell-cultured seafood production by providing consumers
with safe, nutritious, and great-tasting cell-cultured seafood products. In pursuit of this goal, BlueNalu
puts science, safety, and collaboration at the forefront of all we do. We are developing a “third option”
for seafood that will complement the conventionally sourced wild-caught and farm-raised seafood
available on the market today. Unlike its conventional counterparts, BlueNalu seafood is produced
directly from the cells of fish using cutting-edge cell-culture food production methods. Although
produced differently, our products will provide consumers with the safety, nutrition, and sensory
experiences they expect from conventional seafood.

Our cell-cultured seafood will play a vital role in meeting the increasing demand for seafood and
stabilizing the global seafood supply. According to the United Nations Food and Agriculture
Organization, global per capita consumption of seafood has exceeded 20 kg/year and continues to
reach all-time highs. Demand is projected only to increase as consumers continue to incorporate
seafood into their diets due to its myriad of health benefits. However, as demand increases, the global
seafood supply is threatened by increased overfishing, illegal fishing, ocean acidification, rising ocean
temperatures, pollutants, and viruses, among other things. BlueNalu seeks to complement existing
seafood production methods to help ensure a stable global supply of seafood that is as safe as seafood
currently on the market and that will support the health, sustainability, and biodiversity of our oceans.
BlueNalu has embraced a science-based, data-driven approach as we develop our cell-cultured
seafood. We believe that evidence and science will drive the best decisions. Product naming is no
different.

Il Dr. Hallman’s Cutting-Edge Empirical Research
As the leader in cell-cultured seafood, BlueNalu recognized the absence of empirical data and took

seriously the need for greater independent research in the area of cell-cultured product naming. We
commissioned a multi-phase empirical study by one of the nation’s leading expert in food technology
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communications, Dr. Bill Hallman, Chair of the Department of Human Ecology at Rutgers University.?
This is independent, rigorous, peer-reviewed research. Fundamentally, the multi-phase study sought
to answer the same question FDA has posed through the RFI: What is the best way to name cell-
cultured seafood in a manner that protects consumer expectations, avoids confusion, and aligns with
FDA regulations? The research has resulted in a published peer-reviewed consumer study specifically
designed to assess common or usual names that are consistent with FDA regulations?, and a second,
confirmatory study currently under peer-review and available as a pre-print* (see Attachments 1 and
2). The studies significantly advance scientific understanding of how to name these products.

The first study phase (Hallman 1) was an experimental comparative study designed to evaluate how
well seven leading potential product names performed against one another in conveying the basic
nature of cell-cultured seafood to consumers, including how well a name described these new products
and how well it differentiated these products from existing conventional counterparts without
disparaging any products. Based on the results of the first phase, Dr. Hallman conducted a second
phase study (Hallman II), in which he focused specifically on the two leading terms from the first study
— “cell-cultured” and “cell-based” — using a large, nationally representative sample size to determine
how the national population would be expected to understand the terms. The Hallman studies
demonstrate that these terms performed measurably better than other names.

Based on the research and findings of the Hallman studies, BlueNalu determined that either the term
“cell-cultured” or “cell-based” could appropriately identify these products to consumers. Uniformity,
however, is also critical for reinforcing consumer understanding. We understand that the majority of
the cell-cultured industry prefers the term “cell-cultured,” and therefore in the interest of driving
uniformity, BlueNalu intends to use the phrase “market name, cell-cultured seafood” as the uniform
common or usual name of all cell-cultured seafood.®

Because these studies represent the most robust and rigorous independent analysis of cell-cultured
seafood naming—they truly are the state of the art—we describe them in detail at the outset and
reference back to them throughout these comments.

2 Dr. William K. Hallman, Rutgers University, https://humanecology.rutgers.edu/faculty.asp?fid=28.
Dr. Hallman is a recognized leader in risk communications with decades of involvement in food
policy, including as a former Chair of FDA’s Risk Communication Advisory Committee.

3 Hallman, W.K. and Hallman, W.K., Il (2020). An empirical assessment of common or usual
names to label cell-based seafood products. Journal of Food Science, 85, 2267-

2277. https://doi.org/10.1111/1750-3841.15351.

4 Hallman, W.K. and Hallman, W.K_, Il (2021). A comparison of cell-based and cell-cultured as
appropriate common or usual names to label products made from the cells of fish. (under review). bioRxiv
preprlnt https://doi.org/10.1101/2021.02.26.433119.

“Mahi-mabhi, cell-cultured seafood” is used here as an example of how the naming
convention would function as a standard of identity. This naming convention — market name, cell-
cultured seafood — could be used with any seafood product. For example, “shrimp, cell-cultured
seafood,” “herring, cell-cultured seafood,” or “squid, cell-cultured seafood.” Our use of various
market names throughout is intended to show how the standard of identity would function and is not
intended to favor any particular market name or species. This naming convention could also be
applied to other cell-cultured products beyond the seafood category (e.g., “chicken breast, cell-
cultured poultry).
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A. The First Hallman Study (Hallman I)

1. Design

The first phase of Dr. Hallman’s research was published in the Journal of Food Technology as An
Empirical Assessment of Common or Usual Names To Label Cell-based Seafood Products (“Hallman
I").6 The study is the only peer-reviewed, published study of its kind. Hallman | involved a detailed
survey of 3,186 U.S. adults to test leading potential common or usual names using images of realistic
packages that a consumer might encounter in a supermarket. Dr. Hallman identified five criteria to
ensure that a common or usual name communicates needed information to consumers and complies

with FDA regulations. Under Dr. Hallman’s criteria, the common or usual name for cell-cultured
seafood must:

1. Enable consumers to distinguish cell-cultured seafood from wild and farmed fish.

Signal that those with allergies to other seafood products should not consume cell-cultured
seafood products.

Be seen by consumers as an appropriate term to identify the product.

4. Not be disparaging to cell-cultured seafood products or to conventional products to which they
might logically be compared.

5. Not evoke thoughts, images, or emotions that are inherently inconsistent with the idea that

cell-cultured seafood products are safe, healthy, and nutritious.

w

To identify the terms for testing, Dr. Hallman first undertook a literature review to identify the scope of
terms already in use regarding these types of products and conducted a Lexicon review using Google
search analytics to identifying potential product descriptions already in use, which were then screened
against the five criteria. Based on the search and criteria screening results, Dr. Hallman selected
seven leading potential common or usual names for testing: “cell-cultured seafood,” “cultured
seafood,” cell-based seafood,” “cultivated seafood,” “produced using cellular aquaculture,” “cultivated
from the cells of species,” and “grown directly from the cells of species.” The terms “wild caught,”
“farm raised,” and a control condition with no common or usual name were also tested. Each term
was tested in conjunction with salmon, tuna, and shrimp, the most commonly consumed seafood in
the United States. High-resolution, realistic images of the front of packages consistent with those
found in the marketplace were created for the experiment, as depicted below.

s 3
P ——— -—— o
ATLANTIC SALMON AHI TUNA
FILLETS STEAKS SHRIMP
Cell-Cultured Seafood Cell-Cultured Seafood
— — ey 71 rowea

6 Hallman, W.K. and Hallman, W.K., Il (2020). An empirical assessment of common or usual

names to label cell-based seafood products. Journal of Food Science, 85, 2267-
2277. https://doi.org/10.1111/1750-3841.15351.
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For the first portion of the study, participants were provided a description of the term “seafood” but
were not told about the concept of cell-cultured production methods. Participants were presented with
the high-resolution image bearing the test name they had been randomly assigned then were asked
to provide open-ended responses to questions including their overall reactions to the package, their
interest in tasting the product, and how likely they would be to purchase the product in the next six
months if it were sold in their grocery store. Next, participants had their attention focused on the
product name and were asked a series of questions to determine how well the name identified the
product, including questions to determine whether the name differentiated the cell-cultured product
from conventional “wild-caught” and “farm-raised” products.

In the second portion of the study, participants were educated on the concept of “cell-cultured
seafood.”” With that information freshly in mind, participants were then asked a series of open-ended
questions, including how familiar they were with the concept, how appropriate the proposed term was
for describing the products, how clear the term was in communicating that the product was not caught
in the ocean and that it was not farm-raised, and whether the product should be sold in the same
section of the supermarket as wild-caught and farm-raised fish. Participants were also asked to rate
how much they agreed or disagreed with the ideas that producing the product will benefit society, is
wise, is ethical, and their openness to eating the product.

2. Results

Hallman | concluded that “cell-cultured seafood” and “cell-based seafood” stood out as the leading
candidates for a product name because they distinguished conventionally sourced products,
effectively signaled allergenicity, and performed as well as or better than other terms with respect to
consumer perception and acceptance measures. As summarized below, all other terms failed to meet
one or more of the Hallman criteria, making them inappropriate as product names.

In reaching this conclusion, Dr. Hallman analyzed how each term performed against his five criteria.
His key findings include:

o Differentiates from wild caught and farm raised products. “Cell-cultured” and “cell-based”
performed particularly well in communicating to consumers that the product was “neither wild
caught nor farm raised.” A majority of those viewing “cell-cultured” (55%) and “cell-based”
(58%) were able to correctly identify the product as neither wild caught nor farm raised.
Conversely, the terms without the word “cell” (i.e., “cultivated,” “cultured,” and “produced using
cellular aquaculture”) failed to adequately distinguish the products from conventionally sourced
fish. Respondents not only struggled to identify the products as “neither wild caught nor farm

7 Specifically, the survey used the following description modified as appropriate with the name

of the seafood and common or usual name to which they had been assigned:
The term Cell-cultured Seafood indicates that this salmon differs from both wild-caught and
farmed salmon. It tastes, looks, and cooks the same and has the same nutritious qualities as
Atlantic Salmon produced in traditional ways. Yet, it involves a new way of producing just the
parts of Salmon that people eat, instead of catching or raising them whole. Cell-cultured
Seafood means that a small number of cells from Atlantic Salmon were placed in a nutrient
solution, where they grew and reproduced many times. The resulting meat was then formed
into fillets that can be cooked or eaten raw.
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raised,” but 40-50% of respondents viewing those terms mistakenly identified the products as
farm raised.®

Allergenicity. All terms adequately communicated that those allergic to fish/shrimp should not
eat the product.

Appropriate way to identify the product. Participants did not identify any of the names as
an inappropriate term to communicate cell-cultured production methods. “Cell-cultured” and
“cell-based” both performed well, with “cell-cultured” slightly outperforming “cell-based” in
communicating these attributes.® In contrast, the data also showed that names without the
term “cell” performed poorly and were seen as less clear in communicating that the products
were not caught in the ocean or farm raised.

Not disparaging. None of the names were identified as disparaging of conventionally sourced
seafood. However, some names performed better than others in terms of consumer
acceptance.

Consistent with cell-cultured manufacturing. “Cell-cultured” performed well in
communicating that cell processed products are an equivalent third option to conventionally
produced seafood. Meaning, respondents were “equally interested in tasting and purchasing”
them and likely to perceive them as similarly nutritious as some conventionally sourced
seafood.?

The table below summarizes how well each candidate term performed against Dr. Hallman’s key

criteria:
Differentiates Communicates
Term wild caught alleraenicit Appropriate | Not disparaging | Not inconsistent
and farmed g y
Cell-cultured v v v v v
seafood
Cell-based v v v v v
seafood
Cultured Does not v Least Less likely to
seafood distinguish appropriate purchase
Cultivated Does not
v v v v
seafood distinguish
Produced Does not
using cellular A 4 v v v
distinguish
aquaculture
Cultivated
from the cells v v v Less likely to Viewed as least
of species purchase positive.
Grown
directly from v v v Less likely to Viewed as least
the cells of purchase positive.
species
Hallman | at 2272, Table 2.
9 Hallman | at 2276, Table 11.
10 Hallman | at 2274, Tables 7 and 8.
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Overall, the terms “cell-cultured” and “cell-based” both performed measurably better among the seven
leading terms tested in Hallman | because they met all or most of the measuring criteria suggesting
that these terms would best communicate the nature of the products and best create an even playing
field, facilitating consumer choice.

B. The Second Hallman Study (Hallman II)
1. Design

In the second phase of his research, Dr. Hallman tested the two leading terms from Hallman | — “cell-
cultured” and “cell-based”—head-to-head using a large, nationally representative population sample
of 1,200 participants. The names were tested on packages of frozen Atlantic salmon fillets." As with
the Hallman | study the stimulus labels were designed to mimic realistic conventional seafood
packaging found in the marketplace.

Hallman Il followed the same education and stimulus sequence of Hallman |, starting with open-ended
questions before participants were provided any information on the concept and then moving onto
more closed-ended questions. The questions in Hallman Il were similar or the same as in Hallman 1.

2. Results

Hallman Il confirmed that both “cell-cultured” and “cell-based” perform well even when tested on a
nationally representative population.

Hallman Il reports that “both names do a good job” of distinguishing the product from conventionally
sourced seafood, indicating that the product is ‘made from cells of Salmon,” and communicating
allergenicity. Nearly 80% of the participants indicated that were “not familiar at all” or only “slightly
familiar,” “with the idea of producing just the parts of seafood that people eat, instead of catching or
raising them whole.”'? Yet, on their own, both “Cell-cultured Seafood” and “Cell-based Seafood”
signaled to 60% of participants that the novel product is different from conventional “wild-caught” and
“farm-raised” salmon. Additionally, without any explanation beyond the name, more than 40%
correctly understood specifically that the products were made from the cells of salmon, as opposed to
plants or something else entirely. Both terms performed equally well with respect to signaling
allergenicity.’® Both are seen as equally safe and nutritious and both are imagined to taste equally as
good.™

Key findings from Hallman Il include:
+ Differentiates from wild caught and farm raised products. Both “cell-cultured” and “cell-
based” differentiated the product from conventionally sourced products and effectively

" Hallman | found that there were no species-specific effects. In other words, it did not matter
whether participants were shown a package of salmon, tuna, or shrimp; the results were the same
regardless. Therefore, the Hallman Il study was able to simplify the experiment design to use only
salmon labels.

12 Hallman Il at lines 482-484.

13 Hallman Il at lines 488-491.

14 Hallman Il at lines 492-493.
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communicated the food is made from fish cells. Products identified as “cell-based” however
were somewhat more likely to be confused with wild caught product than “cell-cultured”
products, and products identified as “cell-cultured” were somewhat more likely to be confused
with farm-raised product than “cell-based.” However, the rate of confusion overall was very
low for both terms.'® Prior to receiving any priming information, for both terms, the majority of
participants correctly identified the products as “neither wild-caught nor farm-raised.” These
participants were then asked to indicate whether the salmon could best be described as “made
from cells of Salmon,” “made from cells of Plants,” and “made from neither Salmon nor Plants.”
For both terms, the largest percentage of participants indicated that “made from the cells of
Salmon” was the best descriptor, with 43.9% of those viewing “cell-cultured” correctly
identifying it as made from the cells of Salmon.'® After receiving information about the cell
production process, participants who saw “cell-cultured” reported the term was slightly clearer
in communicating that “the salmon was not caught in the ocean” and “was not farm-raised.””

Allergenicity. Both terms effectively communicated allergenicity.'®

Appropriate way to identify the product. Both of the names were seen as appropriate with
no statistical differences between the two in ratings of appropriateness.®

Not disparaging. Neither term was identified as disparaging of conventionally sourced
seafood.

Consistent with cell-cultured manufacturing. Neither term communicated any messages
inconsistent with the product’s attributes. For example, very few consumers thought that the
product was made from plant cells as opposed to salmon cells.

The chart below briefly summarizes the key results from Hallman Il

Differentiates from Communicates

Term wild caught and Il icit Appropriate | Not Disparaging | Not inconsistent
farm raised® allergenicily

Cell- Yes, slightly clearer

cultured ’ . Yes. Yes. Yes. Yes
after education.

seafood

Cell-

based Yes. Yes. Yes. Yes. Yes.

seafood

15

A greater proportion of those who saw the name “Cell-based” (15.0%) assumed that the

product was wild-caught than those who saw the name “Cell-cultured” (11.1%). In contrast, a greater
proportion of those who saw the name “Cell-Cultured” (30.1%) assumed that the product was farm-
raised than those who saw the name “Cell-Based” (24.9%).

16

20

Hallman Il at lines 601-603, Table 2.

Hallman Il at lines 438-447.

Hallman Il at lines 366-395, 488-491.

Hallman Il at lines 434-437.

For “cell-cultured,” 58.9% or participants identified the product as neither wild caught nor

farm raised, 30% identified it as farm raised, and 11% identified it as wild caught. For “cell-based,”
60% of participants identified the product as neither wild caught nor farm raised, 25% identified it as
farm raised, and 15% identified it as wild caught.
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C. Key Takeaway for Statement of Identify

BlueNalu is committed to ensuring that consumers and regulators alike have full confidence in our cell-
cultured seafood products. We recognize that consumers are increasingly asking for more information
about the source and content of the foods they eat, and this information is especially important when
introducing a new process that allows for a “third way” to produce seafood. We believe that consumers
deserve to have a clear and consistent way to differentiate between wild-caught, farm-raised, and now
cell-cultured seafood. The empirical evidence shows that the terms “cell-cultured” or “cell-based” are
the best terms for informing consumers about the basic nature of these seafood products.

BlueNalu believes strongly that uniformity in the labeling of cell-cultured products is of paramount
importance in building consumer understanding, trust, and acceptance. While the Hallman research
concluded that “cell-based” in some measures slightly outperformed “cell-cultured” in overall consumer
perception of the product, the differences where very slight. Further, we understand that other cell-
cultured industry members in the seafood, poultry, and meat spaces prefer the term “cell-cultured” to
“cell-based.” Therefore, to drive uniformity, BlueNalu supports the use of the term “cell-cultured” for
all categories of products derived from cell-culture technology, and intends to use the term “market
name, cell-cultured seafood” as the uniform name of our cell-cultured seafood. We believe,
based on the best available evidence, that a single term that includes the word “cell” and is consistent
across all categories of products derived from cell-culture technology will best promote consumer
understanding. BlueNalu encourages FDA to ensure this term is used for all such products.

lll. Responses to FDA’s Request for Information

Below we respond to each of the questions posed in the RFI. For ease of reference, for each question
we have provided the full question in bold, followed by our response.

1. Should the name or statement of identity of foods comprised of or containing cultured
seafood cells inform consumers about how the animal cells were produced? Please
explain your reasoning.

Yes, the statement of identity should clearly indicate that the food was produced from animal cells,
using the term “market name, cell-cultured seafood” for all cell-cultured seafood.?’ First, FDA
regulations require that products be named to disclose the basic nature of the food or its characterizing
properties. Second, consumers increasingly expect to be provided information about the nature of
their food, including whether it was produced using novel methods. Third, disclosing the production
method is especially important for seafood given long-established consumer expectations that seafood
sourcing be disclosed. Fourth, including the production method (i.e., “cell-cultured”) in the product
name ensures a level playing field in the marketplace. Taken together, these legal and policy
considerations strongly point to the need to clearly and succinctly identify the basic nature of cell-
cultured foods. “Market name, cell-cultured seafood” is the best way to accomplish this.

First, the term “market name, cell-cultured seafood” satisfies FDA’s statutory and regulatory
requirements because it provides a uniform name to communicate the basic nature of cell-cultured
products and their characterizing properties in the simplest and most direct terms, providing

21 See supra Section || summarizing Hallman (2020) and Hallman (2021).
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consumers with the information they need to make their own informed purchasing decisions.?? This
is demonstrated by the Hallman research.

The Federal Food, Drug, and Cosmetic Act (FFDCA) deems a food misbranded if “its labeling is false
or misleading in any particular,”?® and a product cannot be offered for sale under the name of another
food.?* When there is an appropriate common or usual name for the product, the common or usual
name must be used.?> FDA regulations define the criteria for a common or usual name:

The common or usual name of a food, which may be a coined term, shall accurately identify
or describe, in as simple and direct terms as possible, the basic nature of the food or its
characterizing properties... The name shall be uniform among all identical or similar products
and may not be confusingly similar to the name of any other food that is not reasonably
encompassed within the same name. Each class or subclass of food shall be given its own
common or usual name that states, in clear terms, what it is in a way that distinguishes it from
different foods.?8

It is critical that cell-cultured seafood be labeled in a way that appropriately distinguishes it from
conventional seafood.?” Although cell-cultured seafood will be produced using genuine fish cells and
will have the same nutritional and performance characteristics as conventional fish, it is produced very
differently. Rather than catching or farming and then processing a whole fish, the parts of the fish that
people eat are grown directly from the cells of that particular species. Therefore, cell-cultured seafood
products must be named in a manner that makes clear they are fish of a certain species but that they
were produced using cell-culture processes.?® This approach aligns fully with FFDCA requirements
and is consistent with FDA’s common or usual name regulations.

Further, these products should be named in a uniform manner. Uniformity is critical for promoting
consumer understanding of these products, ensuring a level playing field in the marketplace, and
allowing consumers to easily make informed purchase decisions and to readily distinguish cell-
cultured seafood from conventional seafood.

2 FFDCA § 403(a);
3 FFDCA § 403(a).
24 FFDCA § 403(b).
25 FFDCA § 403(i)(1).

% 21 C.F.R. § 102.5(a).

2 See FFCDA §§ 403(a), (b).

28 Importantly, cell-culture production processes are different than bioengineering processes
and should be approached differently through labeling. FDA historically has not required that
bioengineered foods be labeled to disclose the bioengineering production method. FDA has
reasoned that disclosure is not required for bioengineered foods because the final product is
materially the same and because the bioengineering techniques are simply extensions at the
molecular level of traditional breeding methods. FDA Statement of Policy: Foods Derived from New
Plant Varieties, 57 Fed. Reg. 22984, 22991 (May 29, 1992); Alliance for Bio-Integrity v. Shalala, 116
F. Supp. 2d 166 (D.D.C. 2000). Here, by contrast, although our cell-cultured seafood products truly
are fish, the production method is quite different. Cell processing techniques are not an extension of
traditional methods and do not seek to achieve the same goals as traditional fish harvesting, which is
centered on the growth, capture, harvest, and processing of whole fish. In this instance, unlike with
bioengineered plant varietal cultivation, the new methods do “differ from other foods in [a]
meaningful . . . way.” 57 Fed. Reg. at 22991.

21 C.F.R. § 102.5(a).
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Additionally, incorporating the “cell-cultured” statement directly into the product name, as opposed to
including it as an on-label qualifier, ensures that cell-cultured seafood is disclosed as such when it is
included as an ingredient in a multi-ingredient food.?® For example, if “cell-cultured seafood” is part of
the common or usual name of the food, an ingredient statement for a breaded fish product made using
cell-cultured seafood might look like the following example:

INGREDIENTS: Minced Pollock (Cell-cultured Seafood),
Bread Crumbs (Unbleached Wheat Flour, Sugar, Salt And
Yeast), Water, Sunflower Oil, Wheat Flour.

CONTAINS: Fish (Pollock)

As explained further below in response to Question 2, “Market name, cell-cultured seafood” best
satisfies this requirement. The term accurately identifies the basic nature and characterizing
properties of the food: it is a particular species of fish that has been produced using cell-culture
production methods, as opposed to having been caught or raised whole. The term “cell-cultured” is
“simple and direct.” The format “market name, cell-cultured seafood” is also easily applied uniformly
across all cell-cultured products, and the term “cell-cultured” distinguishes the cell-cultured product
from conventional products. This approach facilitates ready comparison between production methods
for the same species (e.g., “Mahi-mahi, cell-cultured seafood” compared to seafood that is wild caught
Mahi-mahi or farm raised Mahi-mahi) and between different species within a production method (e.g.,
“Mahi-mabhi, cell-cultured seafood” compared to “Tuna, cell-cultured seafood”).

Second, the production method for these products should be part of the product name because
consumers have increasingly expressed interest in understanding how their foods are produced.
BlueNalu is committed to putting transparency at the forefront. Clearly identifying the nature of cell-
cultured products is essential for building consumer familiarity with and confidence in this new way of
producing seafood. Because the vast majority of consumers will at least initially be unfamiliar with the
concept of cell-cultured foods, the common or usual name of these seafood products must inform
consumers about how the cell-cultured seafood was produced because it is the essential differentiating
characteristic of the product.

Third, there is already a consumer expectation specific to seafood that the method of production be
disclosed. Already, consumers are accustomed to seeing seafood sold at retail being marketed as
either “wild caught” or “farm raised.”*° This has established a consumer expectation for the disclosure
of the production method. Without identifying the product as cell-cultured, consumers may either
falsely believe the product is conventional fish (wild caught or farm raised), or they may mistakenly
identify the product as an alternative to fish, which among other problems could pose serious allergen
issues. Consumers might also assign value for other reasons to cell-cultured or conventional seafood
and may prefer to purchase one over the other. In any case, labeling is essential.

29 21 C.F.R. §101.4(a)(1) (“Ingredients . . . shall be listed by common or usual name in
descending order of predominance by weight on either the principal display panel or the information
panel . ..”).

30 7 CFR § 60.200(d). Although these method of production disclosures are required by
Agricultural Marketing Service (AMS) regulations, they have helped to establish and reinforce the
expectation that consumers be informed about the source of their seafood.
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Fourth, calling the food “market name, cell-cultured seafood” would ensure a level playing field among
producers and marketers of the different seafood options. As noted above, consumers are used to
seeing production methods disclosed on seafood labels. Both Hallman studies found that respondents
thought it would be appropriate for cell-cultured products to be sold in the same area of the
supermarket as their conventional counterparts.®’ Unlike plant-based meat alternatives, which are
sometimes found grouped in vegan or vegetarian sections of a store, it would be appropriate and
reasonable to expect that cell-cultured seafood would be offered for sale alongside their conventionally
sourced counterparts because the products are genetically the same and differ only on the basis of
method production. Assuming the products are grouped this way and that consumers expect to see
and rely upon seafood production methods to make purchasing decisions, it would be necessary to
include the production method of cell-cultured products so that consumers could make informed
choices and best understand their options.

2. What terms should be in the name or statement of identity of a food comprised of or
containing cultured seafood cells to convey the nature or source of the food to
consumers? (For example, possible terms could be “cell cultured” or “cell based” or
“cell cultivated.”) Please explain your reasoning and provide any studies or data about
consumer understanding of such terms.

BlueNalu supports the establishment and use of uniform labeling for these novel fish products.
Uniform naming will be critical in introducing consumers to and educating consumers about the
products. Uniform naming will also be important for protecting consumer expectations, as multiple
names for the same product will cause confusion and undermine confidence in the marketplace.
Although we defer to FDA on the best mechanism for establishing uniform labeling, BlueNalu
recommends using the term “market name, cell-cultured seafood” as the common or usual name for
these products, based on both the results of Dr. Hallman’s empirical research and the importance of
uniformity in product naming across the entire cell-culture industry.

As discussed in response to Question 1 above, FDA'’s statutory and regulatory requirements for the
naming of foods require that the name of a food not be false or misleading in any particular and that
the common or usual name of a food “accurately identify or describe, in as simple and direct terms as
possible, the basic nature of the food or its characterizing properties.” The common or usual name
must be “uniform among all identical or similar products and may not be confusingly similar to the
name of any other food.” 32 The term “cell-cultured” is simple and direct. In two words, it conveys the
basic nature and characterizing properties of the food, which is that the seafood was produced using
cell-culture processes rather than conventionally caught or farmed. Likewise, including the name of
the species conveys that the product in fact is made of genuine fish cells, which also conveys that fish-
allergic consumers should not eat it. The “market name, cell-cultured seafood” framework can be
readily applied to all cell-cultured seafood, and naming consistency will reinforce consumer
understanding and expectations for these products. Moreover, the term “market name, cell-cultured
seafood” avoids confusion by differentiating the cell-cultured products from their conventional
counterparts.

31 In both studies, across all terms, respondents on average stated that they neither agreed nor

disagreed with the products sharing shelf space.
32 FFDCA § 403(a); 21 C.F.R. § 102.5(a).
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Additionally, the term “cell-cultured” is similar to the established practice in the marketplace for using
modifiers in product names to distinguish a new product from a conventional counterpart (e.g., “plant-
based”). For meat alternative products, for example, consumers widely accept that the term “plant-
based” signals that the product is different than its conventional counterpart. Here, the term “market
name, cell-cultured seafood” would signal to consumers that the cell-cultured seafoods (i) are
comparable to conventional seafood, and (ii) differ in a meaningful way from their conventional
counterparts. This will provide consumers the necessary information to make informed purchasing
decisions.

These conclusions are reinforced by the Hallman studies®3, described in detail above and attached for
review. The Hallman criteria show that “cell-cultured” not only meets the regulatory criteria but
performs measurably better than many other potential names.®* While “cell-based” may measure
slightly better in an overall impression score, the terms are essentially equal in head-to-head testing
on key criteria such as signaling allergenicity, being seen as an appropriate name, being seen as safe
and nutritious.%®

The criteria tested a variety of points of potential confusion to identify a term that would be accurate
and non-misleading. First, “cell-cultured” is accurate and non-misleading because it is effective in
differentiating between cell-cultured products and conventional seafood. Second, “cell-cultured”
effectively communicates allergenicity. Third, respondents considered “cell-cultured” to be an
appropriate name. Finally, “cell-cultured” is a non-disparaging term that is well-accepted by
respondents and perceived consistently with the fact that cell-cultured seafood on the market will be
as safe and nutritious as conventionally raised seafood.

While “cell-cultured” and “cell-based” both tested well, we believe that uniform labeling will be critical
for promoting consumer awareness of these products, for protecting consumer expectations, and for
ensuring fairness in the marketplace. Importantly, using different statements of identity for the same
type of products risks giving consumers the mistaken impression that the cell-cultured products are
materially different from one another and would make it more difficult for consumers to readily
differentiate between cell-cultured and conventional seafood. Recognizing that the majority of the cell-
cultured companies across the seafood, meat, and poultry sectors are amenable to using the term
“cell-cultured,” we recommend that term be used uniformly for these products. Should FDA instead
conclude that a different term containing the word “cell” be used3¢—in particular, “cell-based”—we
would encourage FDA to follow the rest of our recommendations presented in these comments and
drawn from the Hallman research, and we would urge FDA to take steps to clearly communicate its
expectations to the industry and general public and take appropriate steps to ensure uniformity.
Analyzing “market name, cell-cultured seafood” in light of Dr. Hallman’s key criteria reinforces this
conclusion that “market name, cell-cultured seafood” should be the uniform statement of identify for
these products.

33 See supra Section | summarizing Hallman (2020) and Hallman (2021).

34 See, supra Section I.A.2.

35 Hallman Il at lines 504-513.

36 The Hallman studies provide strong empirical evidence that the term “cell’ needs to be

included in the statement of identity. The leading terms tested that did not use the word “cell”
performed poorly in one or more categories and presented a higher likelihood of consumer
confusion.
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“Cell-cultured” distinguishes from conventionally sourced seafood

First, “market name, cell-cultured seafood” is accurate and non-misleading because it effectively
distinguishes the product from conventionally sourced counterparts, and it performs well against these
criteria. “Cell-cultured” generates very little consumer confusion about the essential characteristics of
the food.

In Hallman |, participants viewing the four terms incorporating the word “cell” were more likely to
correctly identify the product as “neither wild caught nor farm raised.” 55% of those viewing “cell-
cultured” were able to correctly identify the product as neither wild caught nor farm raised. Names
without the word “cell” failed to do so. Hallman Il confirmed that “cell-cultured” performed well on a
nationally representative population, finding that the term signaled to 58.9% of participants that the
fish was neither wild caught nor farm raised, even when many of the study participants were not
familiar with cell-cultured production methods.®” In other words, the term was effective at informing
consumers that the products represented a third seafood option, even when consumers didn’'t know a
third option existed.

“Cell-cultured” communicates allergenicity

Second, the Hallman studies showed that “market name, cell-cultured seafood” clearly and accurately
communicates to the consumers that someone with an allergy to fish should not consume the product.
The Food Allergen Labeling and Consumer Protection Act (FALCPA) requires products that are or that
contain fish (as with other major food allergens) to disclose the presence of the fish allergen, including
the specific species of fish.38 As Hallman | and Il show, the term “market name, cell-cultured seafood”
is effective at communicating both that the product is fish and which particular species.

“Cell-cultured” perceived as appropriate name
In both studies, respondents stated that “cell-cultured” was not an inappropriate term.
“Cell-cultured” is not disparaging and is consistent with characteristics of the product
Finally, taken together, Hallman criteria 4 and 5, show that “cell-cultured” does not communicate
misleading, false, or disparaging messages about the product. The term is perceived as similarly safe
and nutritious as conventionally raised seafood, which is truthful and accurate. Neither “cell-cultured”
nor “cell-based” communicated any messages inconsistent with the product’s safety or nutritional
attributes.

2a. How do these terms inform consumers of the nature or source of the food?
As explained above, the Hallman studies®® showed that “cell-cultured” was effective in communicating

to the consumer that the fish was neither wild caught nor farm raised, that it was derived from cell-
cultured seafood, and that it has the same allergenicity as conventionally sourced seafood. Hallman

37 Hallman Il at lines 342-351, 601-603 Table 2. Participants were more likely to misidentify
product labeled “cell-based” as wild caught (15% versus 11%). Conversely, participants were more
likely to misidentify a product labeled as “cell-cultured” as farm-raised (30% to 24.9%).

38 FFDCA § 403(w)(2).

39 See supra Section I summarizing Hallman (2020) and Hallman (2021).
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Il confirms Hallman I's conclusions. As noted, the Hallman studies showed that about 58% of
consumers were able to determine from the term alone that the product was neither wild-caught nor
farm raised, and even without any prior explanation of the production process, 43.9% of consumers
were able to determine that the products were made directly from the cells of fish. As consumers
become increasingly familiar with this new way to produce seafood, hopefully reinforced by a uniform
naming approach, these percentages are likely to further increase.

2b. If foods comprised of or containing cultured seafood cells were to be labeled with the
term “culture” or “cultured” in their names or statements of identity (e.g., “cell
culture[d]”), would labeling differentiation be necessary to distinguish these products
from other types of foods where the term “culture” or “cultured” is used (such as
“aquaculture”)? Please explain your reasoning and provide any studies or data about
consumer understanding of such terms.

The Hallman research shows that when used with the term “cell” these terms effectively communicate
the basic characteristics of the food (e.g., “cell-cultured species”). The Hallman research shows that
use of the terms “culture” or “cultured” on their own are inadequate to effectively differentiate cell-
cultured products from conventional farm-raised or wild-caught products.*® These terms, if used,
would require additional labeling to differentiate them from conventional counterparts.

The Hallman | study showed that the terms “cultured” and “cultivated” did not perform as well as the
term “cell-cultured,” in part because participants struggled to differentiate “cultured” products from
“aquaculture.”' The terms “cultivated,” “cultured,” and “produced using cellular aquaculture” failed to
adequately distinguish the products from conventionally sourced fish. These terms performed least
well in signaling that the product was neither wild caught not farm raised. Further, 40-50% of
respondents viewing those terms mistakenly thought they were farm raised. For the terms “cultured”
and “produced using cellular aquaculture,” respondents struggled to identify these products as “neither
wild caught nor farm raised,” with only 40% of respondents able to do so. Additionally, and perhaps
more importantly, 41% mistakenly assumed that the seafood was farm raised.*?

Comparatively, the term “cell-cultured” performs substantially better than the single word terms
“cultured” or “cultivated.” For example, where 41% of respondents seeing “cultured” misidentified it
as “farm raised,” only 29% seeing “cell-cultured” thought it was “farm raised,”? a difference of more
than 10%. As the term “cell-cultured” becomes more familiar to consumers through exposure in the
marketplace, there will be even less likelihood of confusion.

Given the likelihood that many consumers will remain unfamiliar with cell-cultured foods for a period
of time, it is important that the product name put consumers on notice that the food is not a
conventional seafood product, even if the consumer might not know what specific alternatives exist.
This approach best protects consumer expectations, and “market name, cell-cultured seafood”
achieves this goal.

40 See supra Section I summarizing Hallman (2020) and Hallman (2021).
41 Hallman | at 2271.
42 The term “cultivated” performed even more poorly than “cultured.” Less than 30% of

respondents identified “cultivated” products as “neither wild caught nor farm raised” and over half
(53.8%) mistakenly identified them as “farm raised.”
43 Hallman | at 2272, Table 2.
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3. The names of many conventionally produced seafood products have been established
by common usage or by statute or regulation. Names are also recommended for
seafood species in The Seafood List. In FDA's view, foods comprised of or containing
cultured seafood cells are not yet in the marketplace and, therefore, do not have
common or usual names established by common usage.

As explained below in response to this question’s sub-parts, BlueNalu believes that the common or
usual name framework is the appropriate way to identify the product name for cell-cultured seafood,
even though these products have not yet entered the marketplace. However, even if FDA were to
determine that there is no common or usual name established by common usage, “market name, cell-
cultured seafood” is also the most appropriate descriptive term for these products for the same reasons
identified in the Hallman research, and uniform use of the term would best protect consumer
expectations.

3a. If you disagree with FDA'’s view, what are these names and what evidence demonstrates
that the names are commonly used and understood by the American public for foods
derived from cultured animal cells?

Although we recognize the difficulty of aligning on an approach to product naming before a product
has entered the marketplace, neither the FFDCA nor FDA regulations limits common or usual names
to only products that already exist in the marketplace. Indeed, were that the case, no new product
would ever have a common or usual name. Rather, itis appropriate to look to the motivating principles
behind the common or usual name regulation to identify a common or usual name for a product
entering the marketplace. This approach drives uniformity and increases the likelihood of consumers
understanding the new products. Moreover, FDA can facilitate this process by taking steps as
appropriate to ensure alignment around a particular name, in this instance, “market name, cell-cultured
seafood”.

FDA'’s detailed regulation defining common or usual names drives home this point. That regulation
provides a detailed description of the criteria for a common or usual name: it must “accurately identify”
the “basic nature” of the food or its “characterizing properties or ingredients” “in as simple and direct
terms as possible”; it must be uniform among all identical or similar products; it cannot be “confusingly
similar” to the name of a different food; and it must be different for each class or subclass of foods.*4
Nowhere does this regulation require that the name be used by or be familiar to a specific threshold

of consumers.

It is true that a common or usual name “may be established by common usage,’*® or through
regulation. But FDA regulations do not require that the “common usage” be limited only to foods
already in the marketplace, nor do regulations limit the development of common or usual names to
only these mechanisms. Had that been the case, the regulation would have said that common or
usual names “may only be established” in the manner listed. The regulation is permissive, not
exclusive. And in any event, the FFDCA imposes no such limitations, noting only that a common or
usual name should be used, “if any there be.”®

44 21 C.F.R. § 102.5(a).
45 21 C.F.R. § 102.5(d).
46 FFDCA § 403(i)(1).
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In fact, there is evidence of enough use of the term “cell-cultured” and enough familiarity with the
concept of cell-cultured seafood to have confidence that the term “market name, cell-cultured seafood”
will be meaningful to consumers. Dr. Hallman’s literature review and Lexicon searches establish that
the concept of cell-cultured foods has been in use since at least 2014.4” Further, Hallman | found that
at least 19% of respondents already were either “very” or “extremely familiar” with the concept.”® The
Hallman | survey was administered nearly a year ago, and consumer familiarity has likely increased
since then. And of the participants in the Hallman Il study, 58.9% understood the term “cell-cultured”
to differentiate the products from conventional seafood, and 43% understood the term to specifically
describe cell-cultured production processes (i.e., that the product is “made from the cells of salmon”).
These data provide direct evidence that consumers are able to use and understand this term. Thus,
the Hallman studies reflect consumer usage and understanding appropriate to support a common or
usual name under 21 C.F.R. § 102.5(a).

However, even if FDA were to conclude that the common or usual name framework is not the
appropriate one for naming cell-cultured seafood, “market name, cell-cultured seafood” is also the best
“appropriately descriptive term” for these products. Under FDA regulations, if a food lacks a
standardized name and a common or usual name, the food is to be named using an “appropriately
descriptive term, or when the nature of the food is obvious, a fanciful name commonly used by the
public for such food.”® The nature of cell-cultured seafood is not obvious by looking at it, so cell-
cultured seafood would have to be named using an appropriately descriptive term. Fortunately, the
factors evaluated in the Hallman studies provide ample evidence that “market name, cell-cultured
seafood” would be an “appropriately descriptive term.” Indeed, the studies showed it was effective at
describing the cell-cultured products and differentiating them from conventional seafood products, and
study participants specifically found it to be “appropriate.” Therefore, although BlueNalu believes that
the common or usual name framework is the most appropriate way to align on the product name for
cell-cultured seafood, the “appropriately descriptive term” framework leads to the same conclusion:
“market name, cell-cultured seafood” is the appropriate name for these products.

Were FDA to follow the “appropriately descriptive term” framework, however, it is critical that FDA
ensure that a uniform term be used. Uniformity is essential to promote consumer awareness, protect
consumer expectations, and foster fair competition in the marketplace.

3b. Should names for conventionally produced seafood products established by common
usage, statute, or regulation be included in the names or statements of identity of food
derived from cultured seafood cells? Please explain your reasoning.

Yes, the common or usual name of the food should be “market name, cell-cultured seafood” (e.g.,
Mahi-mabhi, cell-cultured seafood). The Hallman studies identified “market name, cell-cultured
seafood” as one of the clearest ways to communicate the material characteristics of these novel
products to consumers, including their allergenicity.>® As discussed above in response to question 2,
FALCPA requires the particular species of fish be declared to aid food-allergic consumers. BlueNalu
understands the seriousness and critical importance of accurate allergen labeling.

47 Hallman | at 2268 (surveying earlier consumer perception studies related to cell-cultured
food production). See generally supra Section Il summarizing Hallman (2020) and Hallman (2021).
48 Hallman | at 2275.

49 21 C.F.R. § 101.3(b)(3).

50 See supra Section I summarizing Hallman (2020) and Hallman (2021).
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Including the name of the species in the common or usual name will communicate the most complete
information to consumers. This will be especially important when cell-cultured seafoods are used as
ingredients in other foods such as a fish stick or seafood salad. The inconsistency of including the
species name only in the allergen statement (and not in the name of the ingredient itself) could
generate unnecessary confusion among consumers.

Moreover, as FDA emphasizes in The Seafood List, it is important to “unambiguously identify a species
in the marketplace.”' The fish cells used in our cell-cultured seafood are real fish cells from a specific
species. They are genetically indistinguishable from cells taken from a conventionally caught or
farmed fish of that species; DNA barcoding would identify them as the same species. Declaring the
species in the product name is therefore consistent with FDA policy.

Including the species name is also critically important for protecting consumer expectations and
preventing the passing off of a less valuable species as a higher-value one. Consumers will seek out
specific fish species for various reasons, including taste, nutrition, cost, and specific cooking
applications. Consumers need to be provided with market name information to make these purchase
decisions.

3c. If so, is additional qualifying language necessary? What qualifying terms or phrases
would be appropriate? Please explain your reasoning.

The market name of the product should be qualified with the phrase “cell-cultured seafood” so that the
common or usual name of the food communicates its basic nature and characterizing properties.%?
With this qualification included in the common or usual name itself, no further qualifiers are necessary
absent some other material difference between the foods. As discussed above, the method of
production should be disclosed in the common or usual name of the food. “Cell-cultured seafood”
accomplishes this in clear, direct terms.5® Dr. Hallman’s research establishes “market name, cell-
cultured seafood” is appropriate without additional qualifying language.®* The term succinctly informs
consumers of the market name of fish from which the cells were obtained (important for allergen
concerns, consumer preference, and economic value) and that the product was produced using cell-
culture processes rather than caught or farmed conventionally. This is consistent with other naming
approaches, such as the naming of nutritionally modified foods and other instances where a food with
an established name is in some way different than its conventional counterpart.

Beyond the use of “cell-cultured seafood,” no additional qualifying language is needed. In fact, further
language could confuse consumers and impede innovation. As discussed in response to Question 5,
if the cell-cultured product differs from its conventional counterpart in other material ways (e.g., it has
a materially different nutritional profile), then that information may require disclosure on a case-by-
case basis.

51 FDA Guidance for Industry: The Seafood List (July 2012), https://www.fda.gov/requlatory-
information/search-fda-guidance-documents/guidance-industry-seafood-list.

52 See 21 C.F.R. § 102.5(a).

53 21 C.F.R. § 102.5(a).

54 See supra Section || summarizing Hallman (2020) and Hallman (2021).
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3d. Do these names, with or without qualifying language, clearly distinguish foods derived
from seafood cell culture from conventionally produced seafood? Please explain your
reasoning.

The name “market name, cell-cultured seafood” sufficiently differentiates the product from its
conventional counterparts without additional qualifying language. Hallman | demonstrated that 55%
of those viewing “cell-cultured” were able to correctly identify the product as neither wild caught nor
farm raised.>® However, three of the other names studied (“cultivated,” “cultured,” and “produced using
cellular aquaculture”) did not sufficiently distinguish cell-cultured products from wild caught or farm
raised fish. In fact, 40-50% of respondents viewing those terms mistakenly thought the products were
farm raised.

3e. Should FDA update The Seafood List to include foods comprised of or containing
cultured seafood cells? Please explain your reasoning.

FDA should not update The Seafood List to include foods comprised of or containing cell-cultured
seafood as separate entries in the list. The Seafood List identifies what FDA considers to be
acceptable market names for seafood that “allow[] consumers to unambiguously identify a species in
the marketplace.” (emphasis added). Cell-cultured seafood is produced using the cells of a particular
fish species (e.g., cell-cultured Mahi-mabhi is produced using the cells of Coryphaena hippurus, the
scientific name for Mahi-mabhi). Cell-cultured seafoods are not separate species of fish. Rather, the
cells are genetically identical, meaning they have the same DNA sequences. Therefore, it would be
misleading (and potentially dangerous) to modify The Seafood List in a way that could confuse
consumers about what species of fish they are eating. However, FDA may want to consider adding
an explanation to FDA’s Guidance for Industry on The Seafood List>® and/or FDA Compliance Policy
Guide 540.750% to clarify that the use of the term “cell-cultured” is appropriate to combine with the
species-specific name and would not render the product misbranded.

4. Should terms that specify a certain type of seafood (such as “fillet” or “steak”) be
included in or accompany the name or statement of identity of foods comprised of or
containing cultured animal cells?

Yes. Terms such as “fillet” or “steak” have established meaning to consumers, identifying the different
forms in which the fish is presented. In particular, consumer understanding of these terms is rooted
in the shape of the piece of fish (e.g., thickness and shape) and corresponding cooking attributes.
Consumers expect a fillet, for example, to be of a certain general shape, to be practically free of bones,
and to be ready to cook. Consumers often seek out a specific cut based on the cooking application.
While the product known as a “fillet” is described in some reference documents based on how it is cut
from the whole fish, these descriptions are not intended to limit a “fillet” or a “steak” to only tissue cut

%5 “Cell-based” also performed well, with 58% of respondents accurately identifying it as
“neither wild caught nor farm raised.” See generally, supra Section Il summarizing Hallman (2020)
and Hallman (2021).

56 FDA, Guidance for Industry: The Seafood List (July 2012), https://www.fda.gov/requlatory-
information/search-fda-guidance-documents/guidance-industry-seafood-list.

57 FDA, CPG Sec 540.750 - Use of The Seafood List to Determine Acceptable Seafood Names
(July 2020), https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cpg-sec-
540750-use-seafood-list-determine-acceptable-seafood-names.
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from a whole fish or that has been cut away from bone. Rather, those definitions, which long predate
cell-culture technology, are merely using the way the cuts are removed from a whole fish as a point of
reference that the reader will readily understand when picturing the product. To the consumer, the
important issue is not how specifically the tissue was removed from the fish at the processing facility,
but rather what shape, appearance, and cooking attributes the product possesses.*

Simply put, cell-cultured seafood presented in a form comparable to an existing cut such as a fillet or
steak should be identified accordingly to facilitate consumer selection. On the other hand, cell-cultured
seafood presented in a manner that does not replicate the existing cut should not bear that term. FDA'’s
existing authority to take action against labels that are false or misleading under FFDCA § 403(a)
would allow FDA to take action should a term be misapplied.

4a. Under what circumstances should these terms be used? What information would they
convey to consumers? For example, would such terms convey the physical form or
appearance of the food? Please explain your reasoning. Additionally, please provide
any studies or data about consumer understanding of such terms when used to
describe foods comprised of or containing cultured seafood cells.

Consumers have an established understanding for how various cuts of fish look and function when
cooking. When a cell-cultured seafood product is processed in the same form as an established cut,
such as a fillet, and the product looks and functions accordingly, it is appropriate to use the same term
(e.g., “fillet) to communicate that to the consumer. These terms are important for consumer
expectations. For example, if a consumer wants to purchase a cut of fish to pan-fry, the consumer
might look for frozen fish fillets. A product labeled as a “Salmon fillet, cell-cultured seafood” would
immediately and succinctly tell the consumer that the product is a form of salmon, that it is in fillet form,
and that it was produced using cell-cultured processes (rather than being wild caught or farmed). With
those four words, the consumer would have all the information necessary to make a purchase
decision.

4b. Would these terms be misleading to consumers? Please explain your reasoning and
provide any supporting studies or data.

BlueNalu has no reason to believe that use of the terms “fillet” or “steak” would be misleading to
consumers. Importantly, BlueNalu believes that terms such as “fillet” or “steak” should be used only
when they accurately describe the form in which the seafood product is produced. Use of the terms
“fillet” or “steak” would not be misleading or confusing on cell-cultured fish because the consumer is
adequately put on notice by the product name that the product meets the characteristics of a fillet or
steak but is produced using cell culture methods rather than cut from a whole fish. For conventional
products, references to how the fillet or steak is cut from the whole fish provide an anatomical point of
reference to describe the resulting fish tissue, but both conventional and cell-cultured cuts would
otherwise have all the same characteristics. Meaning, consumers would receive the product they
would expect, a piece of fish in a certain shape with no bones.

58 Should a consumer want a “fillet” or a “steak” specifically from a conventionally produced
fish, the consumer would immediately be informed through the product name whether the product
was produced using cell-culture processes.
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5. When comparing conventionally produced seafood to foods comprised of or containing
cultured seafood cells, what attributes (such as nutrition, taste, texture, or aroma) vary
between the foods and should FDA consider to be material to consumers' purchasing
and consumption decisions? Please explain your reasoning.

BlueNalu believes that comparability should drive whether any additional labeling information is
needed. Consumers are likely to assume that the cell-cultured product is comparable to its
conventional counterpart unless otherwise disclosed. If a seafood product produced using cell-culture
processes is comparable to conventional products in all material ways, then no additional labeling
should be needed (other than using “market name, cell-cultured seafood” in the product name). We
believe that nutrition, taste, texture (or mouthfeel), and cooking performance are the key product
attributes that consumers seek out in seafood. BlueNalu intends to market a product that is
comparable to conventional counterparts in these areas and therefore would not require ingredient or
other disclosures.

Cell-culture processes also provide the opportunity to prepare seafood products in a way that achieves
changes to targeted nutritional attributes. For example, a cell-cultured fish product could be produced
in a manner that presents a modified fatty acid profile. In such a case, we believe the label should
include a qualifier informing consumers of the material nutritional change from the conventional
counterpart. FDA’s Seafood Nutrition Facts®® and USDA FoodData Central®® database could provide
useful points of reference for evaluating nutritional variance.

5a. Are there other characteristics beyond nutritional attributes or organoleptic properties
that may be material differences? These could relate either to cellular constituents or
characteristics influenced by the cell culture production process. Please be specific in
your response and explain your reasoning.

BlueNalu’s first products will be genetically identical to conventional counterparts and therefore would
not require disclosures. Cell-cultured seafood is produced using the cells of a particular fish species
(e.g., Coryphaena hippurus). Meaning, they have the same DNA sequences and are not materially
different from a genetic standpoint. In keeping with FDA and USDA’s joint framework for regulating
cell-cultured products, we anticipate that a thorough FDA premarket consultation process will ensure
that cell-cultured products are as safe as their conventional counterparts and, in the process, identify
any other material differences through the cell-culture processing steps that would require disclosure.
Because cell-culture processes vary, we believe that these issues are best handled on a case-by-case
basis.

lll. Conclusion
Based on FDA'’s longstanding product naming approach and the research and findings the Hallman
studies, BlueNalu recommends using “market name, cell-cultured seafood” as the common or usual

name of all cell-cultured seafood.

The Hallman studies establish that “market name, cell-cultured seafood” is an appropriate common or
usual name for cell-cultured seafood products. The Hallman criteria show that “market name, cell-

59 Seafood Nutrition Facts (Jan. 2008), available here
https://www.fda.gov/imedia/76889/download.
60 USDA FoodData Central, available here https://fdc.nal.usda.qgov/.
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cultured seafood” not only meets the regulatory criteria in 21 C.F.R. § 102.5(a), but also performs
measurably better on a variety of consumer acceptance metrics than other potential names. The
Hallman criteria tested a variety of points of consumer understanding to identify a term that would be
accurate and non-misleading. First, “cell-cultured” is accurate and non-misleading because it is
effective in differentiating between cell-cultured products and conventional seafood. Second, “cell-
cultured” effectively communicates allergenicity. Third, respondents considered “cell-cultured” to be
an appropriate name. Fourth, “cell-cultured” is a non-disparaging term that is well-accepted by
respondents and perceived as similarly safe and nutritious as conventionally raised seafood. Finally,
although “cell-based” also performed well in the Hallman studies, industry acceptance of the term “cell-
cultured” would allow for uniformity in product naming across all cell-cultured products, which is
essential to establishing trust and confidence among consumers.

Therefore, “cell-cultured” would be the most appropriate term to promote consumer awareness,
protect consumer understanding, and ensure the most objective and level playing field. BlueNalu
intends to use the name “market name, cell-cultured seafood” for our cell-cultured seafood products,
and we encourage FDA to ensure the uniform use of this term for all cell-cultured seafood products.

* * *

BlueNalu is pleased to provide responses to this Request for Information and appreciates FDA’s
consideration of our responses and the attached empirical research. If | can be of additional
assistance, please do not hesitate to contact me at Icooperhouse@bluenalu.com.

Sincerely,

6[0\4 QOfﬂ/ﬁw‘*&‘-—

Lou Cooperhouse
President and CEO
BlueNalu

Enclosures

6197 Cornerstone Court East, Suite 111 | San Diego, CA 92121 | (858) 703-8703 | BlueNalu.com
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An empirical assessment of common or usual
names to label cell-based seafood products

William K. Hallman and William K. Hallman I

Abstract:  Animportant consideration in the commercialization of cell-based meat, poultry, and seafood is what common
or usual name to use on package labels to meet U.S. Food and Drug Administration (FDA) regulations. However, naming
these products has been the subject of considerable debate. This study used a 3 x 10 between-subjects online experiment
involving a quota sample of 3,186 U.S. adult panel participants to test common or usual names using images of realistic
packages of three types of seafood that a consumer might encounter in a supermarket. The terms tested were, “cell-
based seafood,” “cell-cultured seafood,” “cultivated seafood,” and “cultured seafood” and the phrases, “produced using
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cellular aquaculture,” “cultivated from the cells of ____,” and “grown directly from the cells of _____,” where the blanks
are filled by the name of the seafood product. Five criteria were used for evaluation, including each term’s ability to:
enable consumers to distinguish cell-based seafood from wild and farmed fish, to signal potential allergenicity, be seen
by consumers as an appropriate term to identify the product, not disparage either cell-based or conventional products,
and not evoke thoughts, images, or emotions that are inconsistent with the idea that the products are safe, healthy, and
nutritious. The results showed that “cell-based seafood” outperforms the other names tested. It enables consumers to
recognize that the products are neither wild caught nor farm raised, signals potential allergenicity, is seen as an appropriate
name for describing the technology/process, and it performs well with respect to measures of consumer acceptance,

particularly in comparison to conventional products.

Keywords: Cell-Based, Cell-Cultured, Common or Usual Name, Nomenclature, Seafood

Practical Application:  Creating consensus around a single common or usual name for cell-based meat, poultry, and
seafood products is clearly important both for regulatory reasons and for shaping public perceptions and understanding of
the products that are labeled with it. Our findings suggest that “cell-based” is the best common or usual name for seafood
products that both meets FDA regulatory requirements and performs well with respect to potential consumer acceptance.
Consistent use of this term by industry, advocates, and regulators would help orient consumers to what is likely to be a
transformational food technology.

1. INTRODUCTION

(21CFR130.8) be labeled with a “common or usual name” as a

the Institute of Food Technologists

A Publication of

\4

Journal of Food Science

The production of cell-based meats, poultry, and seafood in-
volves new technologies that directly produce only the parts of
animals that people prefer to eat, rather than deriving these from
whole animals. Through in vitro production of specific muscle, fat,
and connective tissues, producers are able to create food products
that duplicate the taste, texture, nutritional, and culinary attributes
of their conventional counterparts (Stephens et al., 2018).

Investment, research, and development in the technology are
proceeding rapidly. Although no products have yet been approved
for sale in any country, several companies have held events exhibit-
ing various prototypes, and others are at various stages of planning
and scaling up production (Kateman, 2020).

An important consideration in the pathway to commercializa-
tion is what to call the products derived from this technology. U.S.
Food and Drug Administration (FDA) regulations (21CFR101.3)
require that all foods that do not have defined standards of identity

JFDS-2020-0867 Submitted 5/25/2020, Accepted 7/2/2020. Author Hallman
is with Human Ecology, Rutgers, the State Univ. of New Jersey, 55 Dudley RD,
New Brunswick, NJ, U.S.A. Authors Hallman and Hallman II are with Hallman
and Associates, Rocky Hill, NJ, U.S.A. Direct inquiries to author Hallman (E-mail:
hallman@sebs. rutgers.edu).

statement of identity so that consumers can make informed choices
about the products they buy. Similarly, the U.S. Dept. of Agricul-
ture (USDA) requires that common or usual names be used to label
meat (9CFR317.2) and poultry products (9CFR381.117). Under
21CFR102.5, which is most prescriptive, the general principles
for establishing the common or usual name of a food include:

The common or usual name ofa food, which may be a coined
term, shall accurately identify or describe, in as simple and
direct terms as possible, the basic nature of the food or its
characterizing properties or ingredients. The name shall be
uniform among all identical or similar products and may not
be confusingly similar to the name of any other food that
is not reasonably encompassed within the same name. Each
class or subclass of food shall be given its own common or
usual name that states, in clear terms, what it is in a way that
distinguishes it from different foods.

Assuming that meat, poultry, and seafood products produced
through in vitro tissue production are nutritionally equivalent to
their conventionally produced counterparts, and are similar in
form, taste, texture, and in nutritional and culinary attributes, the
obvious dissimilarity that needs to be clearly communicated to
consumers is that the product did not involve the growing or

© 2020 The Authors. Journal of Food Science published by Wiley Periodicals LLC on behalf of Institute of Food Technologists
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harvesting of whole animals. However, there is little consensus
about what name to use to refer to either the technology or its
products.

In part, this lack of consensus is because choosing what common
or usual name to use on product labels goes beyond regulatory is-
sues. There is power inherent in labeling a concept, because the
name given to it can evoke images, emotions, metaphors, and
meanings that profoundly shape public perceptions and accep-
tance (Broad, 2020). What to call these products have unsurpris-
ingly been the subject of considerable debate among consumers,
advocates, regulators, and the producers of both cell-based and
conventional meat products, with various stakeholders proposing
terms likely to elicit very different reactions from consumers (Ong,
Choudhury, & Naing, 2020).

Skeptics of the products, as well as some consumer organiza-
tions, have proposed the adoption of terms that they argue is
necessary to clearly distinguish these products from conventional
meat (Hansen, 2018). These terms include, “lab-grown meat,”
“synthetic meat,” “artificial meat,” “fake meat,” and “schmeat.”
Each of these names has been rejected by the producers of cell-
based products as scientifically inaccurate and as calculated to por-
tray their foods as unnatural and unappetizing (AMPS Innovation,
2020).

In contrast, advocates of the rights and humane treatment of an-
imals and some companies have referred to the products as “clean
meat,” “animal-free meat,” “slaughter-free meat,” and “cruelty-
free meat.” However, these terms have been rejected by traditional
meat producers as derogatory to conventional products (Greene &
Angadjivand, 2018). In response, some advocates have proposed
using the term “cultivated” (Friedrich, 2019), suggesting that a
more appealing name is necessary to encourage consumers to
purchase meat products that do not require the slaughter of ani-
mals. However, this term has not been embraced by manufacturers
(Siegner, 2019).

Producers of cell-based products would prefer to call these foods
“cell-based,” “cell-cultured,” or “cultured,” or to refer to them
as the products of “cellular agriculture” or “cellular aquaculture.”
They argue that these names are scientifically accurate and can
differentiate their products from conventional meat without den-
igrating either (Corbyn, 2020).

Creating consensus around a single common or usual name is
clearly important both for regulatory reasons and for shaping pub-
lic perceptions and understanding of the products that are labeled
with it. The production of these meat, poultry, and seafood prod-
ucts entails the use of a new process with which most Americans
are likely to be unfamiliar. Although consumer knowledge and
awareness will evolve over time and with the approval and intro-
duction of the products into the marketplace, many consumers
will likely first encounter them by seeing a packaged product in a
store. Therefore, there is an opportunity to help familiarize con-
sumers with what is likely to be a transformational technology
through the selection and consistent use of a descriptive term that
transparently references how these products are made and thus,
how they are different from conventional products.

There have been multiple efforts to evaluate consumer percep-
tions, acceptance, and potential purchase of meat products pro-
duced through the technology (Bryant & Barnett, 2018). These
include qualitative studies involving focus group participants re-
sponding to various terms, including reactions to “lab grown
meat” in Manchester, UK (O’Keef, McLachlan, Gough, Man-
der, & Bows-Larkin, 2016); New Zealander’s reactions to “in vitro
meat” (Tucker, 2014); and responses to “synthetic meat” in the
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United Kingdom, Belgium, and Portugal (Verbeke, et al., 2015).
They also include analyses of comments posted to U.S. news sto-
ries about “in vitro meat” (Laestadius, 2015; Laestadius & Cald-
well 2015), and word association tasks involving small numbers
of graduate students from the Netherlands, Ethiopia, and China
responding to “cultured meat” (Bekker, Tobi, & Fischer, 2017).

Online surveys have also been conducted to gauge consumer
perceptions and acceptance of “clean meat” in the United States,
China, and India (Bryant, Szejda, Deshpande, Parekh, & Tse,
2019), and “cultured meat” in France (Hocquette et al., 2015).
‘Wilks and Phillips (2017) recruited mTurk participants to respond
to “in vitro meat,” though also informing participants that, “in vitro
meat is also referred to as cultured meat, schmeat, or synthetic
meat.” Valente, Fiedler, Sucha Heidemann, & Molento (2019)
also conducted an online survey of reactions to “in vitro meat,”
among highly educated participants from two large cities in Brazil,
recruited using a snowball sampling technique.

Several experiments have also been conducted to compare pro-
posed terms with respect to consumer perceptions of, and will-
ingness to purchase cell-based products bearing different names.
In a nonpeer-reviewed study, The Good Food Institute (2017) re-
ported that they used mTurk participants to test the terms “clean
meat,” “meat 2.0,” “pure meat,” “safe meat,” and “cultured
meat.” Consistent with its recommendation that “clean meat”
be adopted by the industry (Friedrich, 2016), the experimental
data suggested that “clean meat” should be the preferred term
because it outperformed the others with respect to participant’s
stated willingness to purchase products bearing that name. Grieg
(2017) attempted to replicate the Good Food Institute study, again
using mTurk participants. The results, reported in an online blog,
suggested that “clean meat” outperformed “cultured” with respect
to self-reported purchase preferences.

Focused on “optimizing consumer acceptance,” the Good Food
Institute worked with food product consulting firm Mattson to
generate a list of 74 names provided by stakeholders, ultimately
testing the performance of the terms, “clean meat,” “cultured
meat,” “craft meat,” “cell-based meat,” and “slaughter-free meat”
(Szejda, 2018). Participants were asked to rate how appealing the
name is, how accurately it describes the product, and how well it
differentiates from conventional meat. The results suggested that
“slaughter-free,” “craft,” “clean,” and “cultured” performed best
in name appeal, “slaughter-free” and “cell-based” performed best
in descriptiveness and differentiation from conventional meat, and
“slaughter-free” and “craft” performed best in likelihood of trying
and of purchasing the product (Szejda & Urbanovich, 2019).

Finally, in a peer-reviewed study using 185 mTurk partici-
pants, Bryant and Barnett (2019) concluded that “clean meat”
and “animal-free” meat performed better than “lab-grown meat”
and “cultured meat” with respect to positive participant attitudes
and behavioral intentions.

Unfortunately, none of these studies were designed to eval-
uate the terms for use as common or usual names on product
labels. In particular, none of the studies examined the ability of
the terms to help consumers distinguish cell-based products from
conventional products, which is key from a regulatory perspec-
tive. Instead, they focused mainly on measuring perceptions of the
technology, or on ways to frame that technology to improve public
acceptance.

Most of the studies also used sampling methods likely to result
in highly unrepresentative samples, making it difficult to general-
ize the results. These methods included snowball sampling, data
collected from convenience samples of students, and the use of
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crowdsourced convenience samples consisting of mTurk respon-
dents, which have been shown to differ from the population as a
whole in several important ways (Chandler & Shapiro, 2016).

All of the studies also described the technology to participants
using text, graphics, or videos before they answered questions mea-
suring the key dependent variables. This is problematic with re-
spect to evaluating the effectiveness of a common or usual name,
because the name needs to communicate the “characterizing prop-
erties” of a food, and what distinguishes it from other foods, on its
own; that is, without the benefit of additional explanatory text or
other supporting materials.

To address this gap in the literature, the goal of this research is
to assess the performance of proposed common or usual names to
best meet the regulatory criteria established in 21CFR102.5, and
are also likely to be acceptable to the relevant stakeholders. The
study uses a between-subjects experimental design to test proposed
common or usual names using images of realistic packages of
three types of seafood that a consumer might encounter in a
supermarket. Seafood is used as the basis for the stimulus materials
because all of the previous peer-reviewed studies examining public
perceptions of the various names proposed for cell-based products
have focused on meat. However, the development of cell-based
seafood products is also well underway (Krueger, Rubio, Datar, &
Stachura, 2019), with at least six companies actively working to
bring cell-based seafood products to market (Leschin-Hoar, 2019).

Moreover, while the best performing common or usual name
should ideally be applied to cell-based meat, poultry and seafood
products alike, cell-based seafood products must contend with ad-
ditional regulatory issues not faced by cell-based meat products,
which adds complexity to the choice of an appropriate name.
For example, while meat and poultry products require a com-
mon or usual name that will distinguish them from conventional
products, those conventional products are generally derived from
domesticated animals. Yet, many cell-based seafood products must
distinguish themselves from both wild caught and farm raised va-
rieties of the same species. In addition, most consumers are very
familiar with the limited variety of conventional meat and poultry
products available in supermarkets. However, recent FMI (2019,
2020) surveys have found that less than a third of seatood con-
sumers consider themselves “very knowledgeable” about how to
purchase or prepare seafood, its nutritional benefits, how to rec-
ognize the freshness or quality of seafood products, or even about
the different types of seafood available, potentially creating ad-
ditional challenges in distinguishing cell-based seafood products
from conventional products.

Certain combinations of proposed terms with the word seafood
may also be problematic. For example, the term “cultured fish”
already has a meaning associated with aquaculture (Watson, 2018),
and “cultivated” is already associated with the production of
farmed mussels.

Similarly, the term “cultured seafood” might be mistakenly in-
terpreted by consumers as one of the existing kinds of “fermented
seafood” products already available for purchase, and “clean fish”
may be mistaken for conventional fish that have been gutted or
free from contaminants.

The Food Allergen Labeling and Consumer Protection Act
(FALCPA) of 2004 (Public Law 108-282) also requires that the
label of a food with an ingredient that contains protein from a
“major food allergen” declare the presence of that allergen. Be-
cause cell-based seafood products will involve the propagation of
muscle, fat, and connective tissues from conventional fish, they
will likely contain the same level of allergenic proteins as conven-

tional seafood products. Therefore, the labels of cell-based fish will
also need to appropriately signal to consumers that those allergic
to fish should not eat the product. In addition, FALCPA requires
that the type of fish or shellfish be declared on product labels.

Therefore, to meet FDA regulatory requirements, the best per-
forming terms should, at minimum:

A. Enable consumers to distinguish cell-based seafood from wild
and farmed fish.

B. Signal that those with allergies to other seafood products
should not consume cell-based seafood products.

In addition to these FDA regulatory requirements, to meet the
needs of the various stakeholders expected to use them, the best
performing terms should:

C. Be seen by consumers as an appropriate term to identify the
product.

D. Not be disparaging to cell-based seafood products or to the
conventional products to which they might logically be com-
pared.

E. Not evoke thoughts, images, or emotions that are inherently
inconsistent with the idea that the cell-based food products are
safe, healthy, and nutritious.

In addition to these five criteria, the terms should ideally be able
to be used as modifiers of “meat,” “poultry,” and “seafood,” or be
a phrase that accurately describes the technology that could be used
after a product name. They should anchor consumer perceptions
within a network of associations that are not inherently negative.
They have to be available for use by any producer, so terms that
are already trademarked or copyrighted are unusable. They should
not be perceived as oxymoronic (for example, animal-free meat).
Finally, they should not have existing meanings not associated with
the technology or its products (for example, sustainable seafood,
clean fish, and cultured fish) that might be confusing or misleading
to consumers.

The terms chosen to test are currently attached to “meat” but
also appear in articles and blogs about seafood. These are: “cultured
seafood,” which is used by the companies Wild Type, Mosa Meat,
Just, and Integriculture; “cell-based seafood” which is used by the
companies BlueNalu and Shiok meats, “cell-cultured seafood,”
which is used by USDA/FDA in their joint press releases regarding
joint regulatory oversight of these products; “cultivated seafood,”
the term currently being used and recommended by the Good
Food Institute; the phrase “produced using cellular aquaculture,”
used by BlueNalu to describe the process, as well as the phrases
“cultivated from the cells of ” and “grown directly from the
cells of ____,” where the blanks are filled by the name of the fish.

2. MATERIALS AND METHODS

2.1 Experimental design

The seven proposed common or usual names described in the
introduction were tested, along with terms “wild caught,” “farm
raised,” and a control condition that had no common or usual
name. Each of the 10 resulting terms was tested in association
with three types of seafood (salmon, tuna, and shrimp), which
account for 55% of all of the seafood consumed in the United
States (Seafoodhealthfacts.org, 2018) increasing the likelihood of
participant familiarity with the products that were labeled. To
eliminate potential priming effects, each participant was randomly
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assigned to consider only one of the 30 packages created in this 3
X 10 between-subjects design.

2.2 Materials

High-resolution images of the front of packages of Atlantic
Salmon, Ahi Tuna, and Shrimp were created for this experiment
(see Figure 1). The top one-third of each package showed the
image of the cooked seafood product, noted as a “serving sugges-
tion,” which is typical of conventional seafood packages already in
the marketplace. The middle third contained the product title, as
well as the common or usual name to be tested, printed in a font
size half that of the product title. The bottom third of each pack-
age contained a clearly visible, and accurate Nutrition Facts Label
(NFL), reflecting the values equivalent to conventional products,
as well as the net weight of the package contents, and statements
indicating that the product “Contains salmon/tuna/shrimp,” and
is “Perishable,” and to “Keep Frozen” and “Cook Thoroughly.”
Just above the NFL, the packages of shrimp had a statement indi-
cating that they were “Large, 31-40 Shrimp Per Pound.”

2.3 Participants

Study participants were recruited from a web-based consumer
panel with more than 3.2 million active members enrolled in the
United States. The experiment was administered during an 18-day
period in February and March 2020. A total of 8,485 randomly
selected E-rewards panel members were sent an e-mail invitation
to participate in the study. Demographic information (education
level, year of birth, ethnicity, race, and gender) was used to produce
a sample balanced to 2010 U.S. Census data. A total of 5,527
panelists clicked on the link in the e-mail invitation and 3,644
individuals completed the questionnaire, for a completion rate
of 42.9%. Of these, 3,186 participants completed one of the 30
experimental conditions reported here. The remaining participants
were assigned to complete a different task that will be reported in
a separate article.

2.4 Procedure

After providing informed consent and confirming that they
were aged 18 or older, the participants read a description of the
term “seafood”:

“The term Seafood refers to both Fish (like salmon, tuna,
tilapia, flounder, catfish, cod, sardines, herring, and other species)
and Shellfish, including Mollusks (like oysters, clams, mussels, scal-
lops, octopus, squid) and Crustaceans (like shrimp, crabs, lobsters,
crayfish). Seafood is eaten raw, baked, broiled, grilled, poached,
breaded, and fried. It is also an ingredient in many dishes, including
stews, gumbos, dips, and spreads.”

With this in mind, they were then asked how often they had
consumed seafood in the previous year. They were then shown a
high-resolution image of the package associated with the condition
to which they had been randomly assigned and asked to provide
the “first thought, image, or feeling that comes to mind when
seeing this package.” These open-ended responses were recorded
as text and later coded into relevant categories by two indepen-
dent coders. To ensure that each participant actively examined
and thought about the package and its contents, the participants
repeated this exercise twice more; looking at the package and pro-
viding a reaction to it using an open-ended response box. They
then were shown the same package a fourth time, and asked for
their overall reactions, their interest in tasting it, and how likely
they would be to purchase the product in the next six months if
it were sold in their grocery store.
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The participants were then shown an enlarged picture of the
cooked product on the package and asked about their familiarity
with the seafood depicted in general, whether it is a good source of
Omega 3 fatty acids and whether pregnant women should limit
consumption of that seafood. They were then asked if they had
ever tasted salmon/tuna/shrimp, whether they liked the taste, had
ever ordered it in a restaurant, purchased it in a store, cooked it,
and if they or anyone in their households were allergic to it, or to
any type of seafood.

An enlarged image of the name of the seafood and the com-
mon or usual name was then displayed. While still in view, the
participants were asked, “Which of the following best describes
this salmon/tuna/shrimp?” The response categories were “Wild
Caught,” “Farm Raised,” and “Neither Wild Caught nor Farm
Raised.” They then were asked whether it would be safe to eat
the product if one were allergic to fish/shrimp, and how safe it
would be to eat if one were not allergic. They were then asked to
indicate how natural they thought the product is, and how likely it
is that the product is genetically modified (GM), made from plants,
fermented, or contains “an unhealthy amount of mercury.”

An enlarged, high-resolution image of the NFL was then shown,
and while still in view, the participants were asked how nutri-
tious they believed the product is. They were then asked whether
pregnant women should eat it, whether children should eat it
and to compare the product to wild-caught and farm-raised
salmon/tuna/shrimp.

Up to this point, the participants were not provided with any
additional information about the meaning of the common or
usual names that they viewed on the packages. So, in the final part
of the experiment, those randomly assigned to view one of the
seven common or usual names tested were shown the following
description (modified as appropriate with the name of the seafood
and common or usual name to which they had been assigned).

“The term Cell-based Seafood indicates that this salmon differs
from both wild-caught and farmed salmon. It tastes, looks, and
cooks the same and has the same nutritious qualities as Atlantic
Salmon produced in traditional ways. Yet, it involves a new way
of producing just the parts of Salmon that people eat, instead of
catching or raising them whole. Cell-based Seafood means that
a small number of cells from Atlantic Salmon were placed in a
nutrient solution, where they grew and reproduced many times.
The resulting meat was then formed into fillets that can be cooked
or eaten raw.”

The participants were asked how familiar they were with “the
idea of producing just the parts of salmon/tuna/shrimp that people
eat, instead of catching or raising them whole,” and, how appro-
priate the term was “for describing this new way of producing
just the parts of salmon/tuna/shrimp that people eat, instead of
catching or raising them whole?” They indicated how clear the
term was in communicating that the product was not caught in the
ocean and that it was not farm-raised. They reported how much
they agreed or disagreed with the ideas that producing the product
will have benefits for society, is wise, is ethical, and that the idea
of eating it is disgusting. Finally, they responded as to whether the
product should be sold in the same section of the supermarket
as wild-caught and farm-raised fish and then answered a series of
sociodemographic questions.

2.5 Statistical analyses

The experimental data were analyzed using IBM SPSS Statis-
tics for Windows (version 25; IBM Corp., Armonk, NY, USA).
Differences in means were analyzed using Analysis of Variance,
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SHRIMP

Cultivated Seafood

LARGE, 31-40 SHRIMP PER POUND 3

FROIN +

' NET WT 12 02(340) - '

ATLANTIC SALMON
FILLETS

Cell-Based Seafood

‘CONTAINS SALMON » PERISHABLE » KEEP FROZEN « COOK THOROUGHLY B
NET WT 12 02(340¢) \

AHI TUNA
STEAKS

Cell-Cultured Seafood

CONTAINS TUNA + PERISHABLE » KEEP TROTEN » C0OK THOROUGHLY
NET WT 12 02(3408)

Figure 1-Examples of package images.

with post hoc comparisons made using the Tukey’s HSD test. Dif-
ferences in proportions were analyzed using z-tests of column
proportions with Bonferroni correction. In all statistical tests, a
significance level of 0.05 was established to distinguish significant
differences.

3. RESULTS AND DISCUSSION

The median length of the completed survey was 11.2 minutes.
Of the 3,186 participants, 51% were male. Mean age was 49.66,
SD = 15.85, 27.9% reported children under 18 in the household.
An overview of the sociodemographic characteristics of the sample
is shown in Table 1.

The majority (91.7%) of the participants reported eating at least
some seafood in the prior 12 months, with 62.0% reporting they
had eaten at least one meal a month containing seafood, 32.4%
at least one meal a week, and 1.9% one or more meal per day.
The majority of the participants had eaten shrimp (72.7%), tuna
64.9%, and salmon (58.4%) in the prior year. In addition, the
participants reported having consumed crab (42.3%), cod (40.1%),
tilapia (36.1%), and lobster (30.7%). The participants also indicated
they were moderately to very familiar with the general type of
seafood they viewed; shrimp (M = 3.66, SD = 1.20), salmon (M
= 3.49, SD = 1.24), tuna (M = 3.33, SD = 1.24) F(2, 3,185)
= 18.96, P < 0.001, n*> = 0.012) (scale: 1 (not familiar at all). 2
(slightly), 3 (moderately), 4 (very), 5 (extremely familiar).

The remainder of the results is organized to address the regula-
tory and other criteria discussed in the introduction. There were
no statistically significant interaction effects at the P < 0.05 level
between the type of seafood and the common or usual name seen
on the package with respect to any of the dependent measures
discussed below. Therefore, only the main effects of the common
or usual name are presented.

3.1 Criterion A: Distinguish from conventional products
A key criterion for establishing a common or usual name is the
ability of consumers to distinguish the products labeled with it

from the traditional products with which they are already familiar.
After seeing the product packages and asked to provide reactions
to them four times, the participants were asked, “Which of the
following best describes this salmon/tuna/shrimp?” The response
categories were “wild caught,” “farm raised,” and “neither wild
caught nor farm raised.” The proportion of participants placing
the products in each response category differed by product name
tested, X (18, N = 3,186) = 1,474.57, P < 0.001.

As shown in Table 2, 92.6% of those who saw packages labeled
as wild caught and 89.4% of those who saw packages labeled as
farm raised correctly identified them as such. This was as expected,
as the task only required participants in these conditions to match
the response category with what they had seen on the label.

Of those in the control condition (with no common or usual
name displayed), 52.8% responded that the seafood was “neither
wild caught nor farm raised.” However, nearly a third (31.6%)
reported that it was “wild caught” and 15.5% responded that it
was “farm raised.”

Of the common or usual names seen by the participants, the
four names incorporating the word “cell” (“Cultivated from the
Cells of,” “Cell-Based,” “Cell-Cultured,” and “Grown Directly
from the Cells of’) resulted in the largest percentage of participants
(60.9%, 58.4%, 55.0%, 53.7%, respectively) correctly identifying
the seafood as “neither wild caught nor farm raised.” A z-test
of column proportions with Bonferroni correction indicated that
there were no statistically significant differences in these percent-
ages.

The terms “cultured” (40.8%) and “produced using cellular
aquaculture” (40.3%) were less successful in signaling that the
seafood was “neither wild caught nor farm raised.” Moreover,
nearly equal percentages (41.1% and 39.3%, respectively) mistak-
enly assumed that the seafood was “farm raised.”

Finally, the term “cultivated” performed most poorly in distin-
guishing the seafood from conventional products. Only 29.9% of
the participants correctly identified it as “neither wild caught nor
farm raised,” and more than half (53.8%) misidentified it as “farm
raised.”
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Table 1-Sociodemographic characteristics of the sample, (N) =
3,186.

Sociodemographic characteristic % of total

Gender
Male 51.0%
Female 49.0%
Marital status
Married 46.1%
Single, never married 28.8%
Divorced or separated 13.6%
Living with partner 5.8%
Widowed 5.4%
Educational level
Less than high school 2.2%
High school/GED 20.7%
Some college 20.1%
Two-year college degree (Associate) 10.9%
Four-year college degree (BA, BS) 27.7%
Master’s degree 14.2%
Doctoral degree 1.8%
Professional degree (MD, JD) 2.4%
Ethnicitya
Caucasian 76.1%
African American 16.2%
Hispanic/Latino 11.0%
Asian 5.5%
Native American 2.2%
Other 3.1%
Household income
Less than $10,000 9.6%
$10,000 to $19,999 12.1%
$20,000 to $29,999 10.9%
$30,000 to $39,999 7.6%
$40,000 to $49,999 7.1%
$50,000 to $59,999 7.4%
$60,000 to $69,999 5.7%
$70,000 to $79,999 6.7%
$80,000 to $89,999 5.1%
$90,000 to $99,999 5.3%
$100,000 to $149,999 12.9%
$150,000 or more 9.7%
Shopping for household
I do all of it 60.9%
I do most of it 17.0%
I do about half of it 15.7%
Someone else does most of it 5.2%
Someone else does all of it 1.3%

*Participants could indicate multiple categories.

3.2 Criterion B: Signal potential allergens

Because products produced from the cells of live fish contain
proteins that can cause an allergic response among some individ-
uals, it is important that the label enable fish or shellfish-allergic
consumers to identify these products as potential allergens. After
viewing the product title and common or usual name, the partic-
ipants were asked, “If you are allergic to fish/shrimp, is it safe for
you to eat this salmon/tuna/shrimp? The response options were, 1
(definitely not), 2 (probably not), 3 (probably yes), 4 (definitely yes). On
average, participants believed that those allergic fish/shrimp should
not eat the product (Mdn = 2.0). A Kruskal-Wallis test indicated
that there are no statistically significant differences among the com-
mon/usual names in signaling allergenicity (H(9) = 15.317, P =
0.083).

3.3 Criteria C and D: Not be disparaging

After indicating how often they ate seafood, the participants
were shown the package of seafood and asked to respond to
the open-ended question, “What is the first thought, image, or
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Table 2-Percent describing the product as wild caught, farm raised, or neither, by common or usual name.

Common name

Farm
raised

Wild
caught

Produced using

cellular aquaculture

Grown directly
from the cells of

Cultivated from

Control

Cultivated

Cultured

Cell-cultured

Cell-based

the cells of

52.8%,b

4.7%q

40.3%r, ¢ 29.9% 4.6%q

40.8%,

53.7%;,

55.0%,

58.4%,

60.9%,

Neither wild caught

nor farm raised

Farm raised
Wild caught

15.5%,
31.6%,

89.4%¢

5.9%q

2.8%,
92.6%.

53.8%q
16.4%,

39.3%,
20.4%,. 1

29.0%p, ¢ 41.1% q

29.1%p, ¢
16.0%,

21.9%,, b

19.7%,

22.1%, 1

18.1%,

17.4%,

16.9%,

316

322

323

318

313

326

328

313

320

318

Note. Each subscript letter within a row denotes a subset of Common Name categories whose proportions do not differ significantly from each other at the .05 level using the Z-test of column proportions with a Bonferroni correction

determining the critical value.
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Table 3-Ratings of first thought or image and overall reactions
by common or usual name.

Table 4-How safe is it for you to eat this if you are not allergic
to seafood by common or usual name.

2

M SD N F  P-value 7 M SD N F P-value 7?
Rating of First 9.514 <0.001  0.026 Safe to eat 5.63 <0.001 0.016
thought or image Wild caught 6.13* 136 323
Wild caught 5.56" 1.58 323 Farm raised 597 159 322
Produced using 532 169 313 Control 593 151 316
cellular aquaculture Cultivated 5.90°  1.60 318
Cultivated 5.25% 176 318 Cultured 500 142 326
Farm raised 5250 173 322 Produced using cellular 5.86¢  1.43 313
Control 524 177 316 aquaculture
Cell-based 516 1.74 320 Cell-based 5.73%  1.56 320
Cultured 5.09%  1.74 326 Grown directly from the 5.60°  1.64 328
Cell-cultured 499> 192 313 cells of
Grown directly from  4.75¢¢  1.90 328 Cell-cultured 5.58¢  1.67 313
the cells of Cultivated from the cells of ~ 5.47¢  1.74 307
lti from th 4741 0
le tﬁ\fattcnd rom the .47 98 307 Notes: Scale: 1 (very unsafe), 2 (moderately unsafe), 3 (somewhat unsafe), 4 (neither safe nor
cells o . unsafe), 5 (somewhat safe), 6 (moderately safe), 7 (very safe). Means with the same superscript
Overall reactions 11.18 <0.001 0.031  letter are not significantly different from each other at P < 0.05 using the Tukey HSD
Wild caught 5.53* 1.58 323 post hoc test.
Control 527 176 316
Farm raised 5.26% 1.75 322 ..
Cultivated 5000 180 318 Table 5~-How nutritious by common or usual name.
Produced using 518  1.67 313 M SD N F P-value n?
cellular aquaculture
Cell-based 500  1.81 320 Nutritious 5.63 < 0.001 0.016
Cultured 4.99b¢ 176 326 Farm raised 3.80° 1.05 322
Cell-cultured 4854 196 313 Wild caught 3800099323
Grown directly from  4.55°0  1.99 328 Produced using 3.74% 106 313
the cells of cellular aquaculture
’ ; ab.
Cultivated from the 4438 199 307 Culavated 3700109 318
cells of Control 3.67°%  1.07 316
v S 1€ l NP 3 o o Cell-based 3.65%¢  1.07 320
Jotes: Scale: 1 (extremely negative), 2 (moderately negative), 3 (slightly negative),4 (neither abe
positive nor negative), 5 (slightly positive), 6 (moderately positive), 7 (extremely positive). Means Culturcdl 3‘621 ‘ 101 326
with the same superscript letter are not significantly different from each other at P < Grown directly from 3.56™¢  1.04 328
0.05 using the Tukey HSD post hoc test. the cells of
Cell-cultured 3.53  1.08 313
Cultivated from the 3.45¢ 112 307

feeling that comes to mind when seeing this package? For ease
of coding, the participants were informed that they should list
only one response, as they would have the chance to record to
additional responses in subsequent questions. Each of the 3,168
first responses was coded into one of 28 categories developed
using a grounded theory approach (see Table S1 in the supple-
mental materials). Two trained researchers independently coded
each response and these were compared. Any discrepancies were
resolved by consensus. The terms, “grown directly from the
cells of salmon/tuna/shrimp,” and “cultivated from the cells of
salmon/tuna/shrimp” evoked the smallest percentages of initial
open-ended responses suggesting that the product was appetizing
(18.3% and 16.9%). On average, 26.0% of the participants who
saw the other five common or usual names wrote responses clearly
indicating that the product was appetizing.

The participants were also asked to rate how positive or negative
their first thought, image, or feeling was, using a scale ranging from
1 (extremely negative) to 7 (extremely positive) (Table 3). While all of
initial reactions to the packages were in the positive range (that is,
above 4.0), “wild caught” was rated most positively, “grown di-
rectly from the cells of” and “cultivated from the cells of” received
the least positive ratings. A similar pattern was observed with re-
spect to the overall ratings given after having seen the package four
times (Table 3). The correlation between the initial and the overall
rating was 0.78.

Asked how safe it would be to eat the seafood if not aller-
gic to it, all of the products (including wild caught and farm
raised) were rated as “somewhat” to “moderately” safe to eat

cells of

Notes: Scale: 1 (not at all nutritious), 2 (slightly nutritious), 3 (moderately nutritious), 4 (very
nutritious), 5 (extremely nutritious). Means with the same superscript letter are not
significantly different from each other at P < 0.05.

(Table 4). They were also rated as “moderately” nutritious, with
products labeled as “produced using cellular aquaculture,” “cul-
tivated,” “cell-based,” “cultured,” and “grown directly from the
cells of,” and the Control product rated as equally nutritious as the
conventional “wild caught” and “farm raised” products (Table 5).
However, the seafood with the names “cell-cultured” and “culti-
vated from the cells of” were judged to be slightly less nutritious
than the conventional products.

Each of the products was also imagined to taste “slightly” to
“moderately” good (Table 6). Products labeled as “cultivated,”
“produced using cellular aquaculture,” “cell-based,” and “cul-
tured” were thought to be as good tasting as “wild caught” and
“farm raised,” while those labeled as “cell-cultured,” “grown di-
rectly from the cells of,” and “cultivated from the cells of” were
imagined to taste less good than wild caught and farm raised
seafood.

The participants indicated that they were “moderately” inter-
ested in tasting all of the products (Table 7), expressing equal
interest in tasting the products labeled as “wild caught,” “pro-
duced using cellular aquaculture,” “farm raised,” “cell based,”
and the control product. They were least interested in tasting prod-
ucts labeled with the phrases, “cultivated from the cells of” and
“grown directly from the cells of.” However, they were equally as

Vol. 85, Iss. 8,2020 « Journal of Food Science 2273

New Horizons in Food

Research



j01easay
0004 Ui SUOZUOH Ma)|

Assessment of cell-based seafood names...

Table 6-Imagined taste by common or usual name.

M SD N F  P-value »?

Taste 16.49 < 0.001 0.018
Wild caught 5.67* 153 323
Farm raised 5.58* 1.57 322
Cultivated 5480 162 318
Produced using 547 148 313

cellular aquaculture
Control 5.38%¢ 173 316
Cell-based 5.35%¢ 157 320
Cultured 5.34%¢ 150 326
Cell-cultured 515> 1.61 313
Grown directly from 5.01¢  1.62 328

the cells of
Cultivated from the 5.00¢ 1.65 307

cells of

Notes: Scale: 1 (extremely bad), 2 (moderately bad), 3 (slightly bad), 4 (neither good nor bad), 5
(slightly good), 6 (moderately good), 7 (extremely good). Means with the same superscript
letter are not significantly different from each other at P < 0.05 using the Tukey HSD
post hoc test.

Table 7-Interest in tasting by common or usual name.

M SD N F  P-value n?

Taste 6.41  <0.001 0.018
Wild caught 3.68" 1.36 323
Produced using 3.45° 140 313

cellular aquaculture
Farm raised 3.44% 143 322
Control 341 146 316
Cell-based 3.35%C 148 320
Cultivated 3.34% 151 318
Cultured 3.20% 145 326
Cell-cultured 321 149 313
Cultivated from the 3.01¢ 1.49 307

cells of
Grown directly from 3.00¢ 1.51 328

the cells of

Notes: Scale: 1 (not at all interested), 2 (slightly interested), 3 (moderately interested), 4 (very
interested), 5 (extremely interested). Means with the same superscript letter are not
significantly different from each other at P < 0.05 using Tukey HSD post hoc test.

interested in tasting the seafood with the other proposed common
or usual names as they were in tasting the “farm raised” product.

Similarly, they indicated that they were equally likely to pur-
chase the seafood labeled as “wild caught,” “farm raised,” “pro-
duced using cellular aquaculture,” “cultivated,” “cell-based,” and
“cultured,” and the control products. However, they were less
likely to purchase products labeled as “cell-cultured” than the
“wild caught” product and less likely to purchase products with
the phrases “grown directly from the cells of,” or “cultivated from
the cells of” (Table 8) than both the conventional “wild caught”
and “farm raised” products.

Perceptions of the products’ naturalness fell into five slightly
overlapping groups, with the “wild caught” seafood viewed as
most natural (Table 9). The control product, and the products
labeled as “farm raised” and as “cultivated” are seen as less natural
than “wild caught.” Those labeled as “cultured,” “produced using
cellular aquaculture,” and “cell-based” form the middle group and
are seen as equally natural. “Cell-cultured” overlaps with those in
the middle group, but also with those labeled with the phrases
“grown directly from the cells of” and “cultivated from the cells
of” which were seen as the least natural of all of the products
tested.

Judgments of the likelihood that the products were GM fol-
lowed a similar pattern (Table 10). The “wild caught” product,
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Table 8-Likelihood to purchase in next six months by common
or usual name.

M SD N F  P-value p?

Likelihood to purchase 6.86  <0.001  0.019
Wild caught 5.04* 2.02 323
Farm raised 485° 213 322
Control 480" 214 316
Produced using 479 2.07 313

cellular aquaculture
Cultivated 471 219 318
Cell-based 464 216 320
Cultured 4564 212 326
Cell-cultured 44154 223 313
Grown directly from 4124 229 328

the cells of
Cultivated from the 4.074 2.24 307

cells of

Notes: Scale: 1 (extremely unlikely), 2 (moderately unlikely), 3 (slightly unlikely), 4 (neither
likely nor unlikely), 5 (slightly likely), 6 (moderately likely), 7 (extremely likely). Means with
the same superscript letter are not significantly different from each other at P < 0.05
using the Tukey HSD post hoc test.

Table 9-Rating of “How Natural” by common or usual name.

M SD N F P-value  7?

How natural 49.57 <0.001 0.123
Wild caught 6.30° 1.18 322
Control 5.62°  1.38 316
Farm raised 553> 1.66 320
Cultivated 529  1.66 318
Cultured 4914 167 324
Produced using 4914 172 311

cellular aquaculture
Cell-based 4874 185 319
Cell-cultured 454% 199 312
Grown directly from 4.09¢ 212 327

the cells of
Cultivated from the 4.09¢ 2.16 307

cells of

Notes: Scale: 1 (very unnatural), 2 (moderately unnatural), 3 (somewhat unnatural), 4 (neither
natural nor unnatural), 5 (somewhat natural), 6 (moderately natural), 7 (very natural). Means
with the same superscript letter are not significantly different from each other at P <
0.05 using the Tukey HSD post hoc test.

rated as “slightly unlikely” was viewed as least likely to be GM.
The control and “farm raised” products were seen as “neither likely
nor unlikely” to be GM, as were the “cultivated” and “cultured”
products, while products labeled as “cell-based,” “produced using
cellular aquaculture,” and “cell-cultured” were seen as “slightly
likely” to be GM. Finally, those labeled with the phrases “grown
directly from the cells of” and “cultivated from the cells of” were
seen as the most likely to have been GM. Thus, the terms con-
taining the word “cell” were perceived (in general) as more likely
to be GM than those without it. However, while some companies
may ultimately use genetic modification in the production of their
cell-based foods, others will not.

All of the seafood products were seen as unlikely to have been
made from plants. Products labeled as “cell-cultured” and “cell-
based” products were seen as “slightly unlikely” to have been
made from plants, followed by the phrases, “produced using cel-
lular aquaculture,” “cultivated from the cells of,” and “grown
directly from the cells of.” The products labeled as “cultivated”
and “cultured” were rated as “moderately unlikely” to have been
made from plants, followed by the control product. The “wild
caught” and “farm raised” products, with which consumers are
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Table 10-Ratings of likelihood that the seafood is geneti-
cally modified, made from plants, and “Contains an Unhealthy
Amount of Mercury” by common or usual name.

M SD N F  P-value 9?

How likely it is 196.41  <0.001  0.156
genetically modified

Cultivated from the 5.62% 1.63 307
cells of

Grown directly from 5480  1.69 328
the cells of

Cell-cultured 5.18%  1.64 313

Produced using 4944 171 313
cellular aquaculture

Cell-based 4944175 320

Cultured 4.60% 168 326

Cultivated 4.49¢ 1.77 318

Farm raised 4247 185 322

Control 403" 166 316

Wild caught 2955 193 323

How likely it is made 25.52 <0.001  0.067
from plants

Cell-based 3.73° 1.95 320

Cell-cultured 3.39% 191 313

Produced using 3.06°  1.92 313
cellular aquaculture

Cultivated from the 3.04°  1.88 307
cells of

Grown directly from 298> 197 328
the cells of

Cultivated 2734 197 318

Cultured 27194 183 326

Control 2.44% 181 316

Farm raised 2.14¢ 1.77 322

Wild caught 2.03°  1.74 323

Contains unhealthy 6.39 <0.001  0.018
amount of mercury

Wild caught 414 1.66 323

Control 4.08° 161 316

Cultivated 3.92%¢ 171 318

Cell-based 3.78%d 172 320

Cell-cultured 3.66°4 172 313

Grown directly from 3614 177 328
the cells of

Cultured 3.60°4 158 326

Produced using 3574 181 313
cellular aquaculture

Farm raised 3474 180 322

Cultivated from the 3474 175 307

cells of

Notes: Scale: 1 (extremely unlikely), 2 (moderately unlikely), 3 (slightly unlikely), 4 (neither
likely nor unlikely), 5 (slightly likely), 6 (moderately likely), 7 (extremely likely). Means with
the same superscript letter are not significantly different from each other at P < .05
using the Tukey HSD post hoc test.

already familiar, were seen as the least likely to have been made
from plants.

None of the products were viewed as likely to be fermented
(See Table in S2). The products labeled as “wild caught” and
“farm raised” were seen as least likely to have been fermented.
However, there were no statistically significant differences among
the terms tested as common or usual names.

None of the products were thought likely to “contain an un-
healthy amount of mercury (Table 10). The “wild caught,” con-
trol, and “cultivated” products, which were judged as “neither
likely nor unlikely” were seen as the most likely to contain an
unhealthy amount of mercury. The remaining names were judged
to be “slightly unlikely” to “neither likely nor unlikely” and were
not significantly different from each other.

The participants were divided as to whether pregnant women
should eat any of the seafood products, (including both “wild
caught” and “farm raised” products). Coded as 1 (definitely not),
2 (probably not), 3 (probably yes), and 4 (definitely yes), the overall
median was 2.00. A Kruskal-Wallis test indicated that there were
no statistically significant differences among the common or usual
names. There was a small negative Spearman’s rank-order correla-
tion between the likelihood that the product contains an unhealthy
amount of mercury and whether pregnant women should eat it
15(3,186) = —0.129, P < 0.001.

In contrast, using the same scale, the majority indicated that
children should eat each of the products (Mdn = 3.00). A Kruskal—
Wallis test indicated that the participants thought that children
should eat some products with common or usual names more than
others, H(9) = 40.497, P < 0.001. Pairwise comparisons with
adjusted P-values indicated that the participants were less likely
to believe that children should eat “cell-cultured seafood” than
“cultivated” (P = 0.028), “wild caught” (P = 0.012), or “farm
raised” products (p < 0.001). They were also less likely to believe
that children should eat seafood “cultivated from the cells of” than
“wild caught” (P = 0.036), or “farm raised” products (P = 0.004).
Similarly, they were less likely to believe that children should eat
“cultured seafood” (P = 0.037) or products “grown directly from
the cells of” than “farm raised” (P = 0.036). There was a small
negative Spearman’s rank-order correlation between the likelihood
that the product contains an unhealthy amount of mercury and
whether children women should eat it r5(3,186) = —0.158, P <
0.001. There was also a positive Spearman’s rank-order correlation
between whether the participants thought that pregnant women
should eat any of the seafood and whether children should eat it
(rs(3,186) = 0.555, P < 0.001).

The participants were asked to compare the product with the
proposed common or usual name to the properties of farm raised
and wild caught varieties. They were asked, in a randomized or-
der, whether the product had more, less, or the same amount
of “heart-healthy omega 3s,” protein, microplastics, mercury, an-
tibiotics, bacteria, artificial colors, growth hormones, pesticides,
and “other environmental contaminants.” They were also asked
whether the product was better, the same, or worse with respect
to taste, texture, nutrition, cost, the environment, and “the sus-
tainability of ocean fish.” Using a Bonferroni corrected P value of
P < 0.001 to account for multiple tests using the same dependent
measure, only the comparisons of the amount of pesticides in the
products with the common or usual names to their wild caught
counterparts were significant Fig 2004 = 5.44, P < 0.001, n’ =
0.015 (see Table S3).

3.4 Criterion E: Be seen as an appropriate term

After reading the description of the proposed common or usual
name to which they had been assigned, the majority of the partici-
pants (61%) indicated that they were “not familiar at all” “with the
idea of producing just the parts of seafood that people eat, instead
of catching or raising them whole.” The remainder reported that
they were “slightly” (9%), “Moderately” (13%), “very” (10%), or
“extremely familiar” (9%) with the concept. Coded on a cor-
responding scale of 1 to 5, there were no statistically significant
differences among the common or usual names with respect to
familiarity with the concept.

The participants were then asked to indicate how appropriate
the common or usual name they viewed is “for describing this
new way of producing just the parts of salmon/tuna/shrimp that
people eat, instead of catching or raising them whole.” Using a
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Table 11-Rating of clarity in communicating that the product
was not “Caught in the Ocean” or “Farm Raised” by common
or usual name.

M SD N F  P-value p?
Not caught in the 17.22  <0.001  0.045
ocean
Grown directly from 550 1.85 328
the cells of
Cultivated from the 525% 182 307
cells of
Cell-cultured 4.89% 1,92 313
Cultivated 4594 208 318
Produced using 4544 206 313
cellular aquaculture
Cell-based 4464 217 320
Cultured 4214 200 326
Not farm raised 18.54 <0.001 0.048
Grown directly from 5.30° 1.87 328
the cells of
Cultivated from the 5.18%  1.77 307
cells of
Cell-cultured 480 1.90 313
Cell-based 4494 213 320
Produced using 446 201 313
cellular aquaculture
Cultivated 418 214 318
Cultured 4.06%  2.06 326

Notes: Scale: 1 (extremely unclear), 2 (moderately unclear), 3 (slightly unclear), 4 (neither clear
nor unclear), 5 (slightly clear), 6 (moderately clear), 7 (extremely clear). N = 2,225. Means with
the same superscript letter are not significantly different from each other at P < 0.05
using the Tukey HSD post hoc test.

scale of 1 (extremely inappropriate) to 7 (extremely appropriate),
none of the names proposed was judged to be “inappropriate”
(M = 4.97, SD = 1.81) and there were no statistically significant
differences in ratings of appropriateness among the names.

The participants were also asked how clear the term is “in
communicating that the salmon/tuna/shrimp was not caught in
the ocean” and in communicating that it was not “farm raised.”
As shown in Table 11, none of the proposed common or usual
names was judged as “unclear” in communicating either of these
concepts. The phrases “grown directly from the cells of” and “cul-
tivated from the cells of” rated as “slightly clear” were perceived
to be clearest and “cultured” was perceived to be least clear in
communicating that the products were not caught in the ocean
and were not farm raised.

Using a set of agree—disagree questions coded as: 1 (strongly dis-
agree) and 7 (strongly agree), the participants indicated no differences
between the names in the level of agreement that producing the
seafood product will have benefits for society (M = 4.69, SD =
1.59, N = 2,225), that producing it is wise (M = 4.49, SD =
1.70, N = 2,223), and is ethical (M= 4.58, SD = 1.67, N =
2,221). Moreover, there were no differences between the names
in the level of agreement that the idea of eating the product is
disgusting (M = 4.35, SD = 1.84, N = 2,222). Finally, there were
no differences between the names as to whether each seafood
product should be sold in the same section of the supermarket as
wild caught and farm raised seafood (M = 4.47, SD = 1.83, N =
2,223).

3.5 Determining the best performing common or usual
name
Assessments of each of the five criteria were used to establish
which of the seven candidate names performed best in meeting
both the regulatory requirements and the needs of stakeholders.
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The terms performed equally well with respect to criterion B
(signaling allergenicity) and E (seen as an appropriate name). Un-
fortunately, the terms “cultivated,” “cultured,” and “produced
using cellular aquaculture” performed least well in signaling that
the product is neither “wild caught” nor “farm raised.” In fact,
more than half of those viewing “Cultivated” and more than 40%
of those who saw “cultured” and “produced using cellular aqua-
culture” mistakenly thought these terms meant “Farm Raised.”
Because these terms failed to meet the key regulatory criterion
(A) the ability of the common or usual name to distinguish the
product from its conventional counterparts, they were removed
from further consideration.

The phrases “cultivated from the cells of” and “grown directly
from the cells of” were also removed from further consideration.
They performed well in distinguishing the labeled product from
those that are wild caught and farm raised. However, they received
among the least positive overall reactions and were seen as most
likely to be GM. Compared to the conventional “wild caught”
and “farm raised” products with which they must compete, they
are also consistently in the bottom tier with respect to percep-
tions of safety, nutrition, taste, naturalness, interest in tasting, and
likelihood to purchase.

The remaining two names, “cell-based” and “cell-cultured”
both did a good job at signaling that the product is different from
both “wild caught” and “farm raised” seafood (meeting criterion
A). In direct comparisons between the two, the terms “cell-based”
and “cell-cultured” are also not significantly different from each
other on most of the other key dependent measures.

However, “cell-based” outperforms “cell-cultured” when com-
paring the pattern of results for each term to those associated
with the conventional “wild caught” and “farm raised” seafood
products with which consumers are already familiar. In contrast to
“cell-cultured” products, the participant’s initial reactions to “cell-
based” were as positive as they were to “wild caught” and “farm
raised” and overall reactions were as positive as “farm raised.” They
judged “cell-based” as nutritious as both “wild caught” and “farm
raised” seafood, while “cell-cultured” products were not. Un-
like “cell-cultured” seafood, “cell-based seafood” was imagined
to taste as good as both “wild caught” and “farm raised” seafood
and the participants indicated that they were equally interested in
tasting and in purchasing “cell-based seafood” as they were “wild
caught” and “farm raised” seafood. In contrast, they were only
equally interested in tasting and purchasing “cell-cultured” seafood
as they were in tasting and purchasing “farm raised” seafood prod-
ucts. Finally, the participants were less likely to indicate that chil-
dren should eat “cell-cultured seafood” than both “wild caught”
and “farm raised” products, while they were equally likely to indi-
cate that children should eat “cell-based seafood” as “wild caught”
and “farm raised.” Thus, the overall pattern of results suggests that
the term “cell-based” is the better of the two names with re-
spect to likely consumer acceptance and purchase of these novel
products.

4. CONCLUSION

“Cell-based seafood” appears to be the best candidate name
considered in this study. It meets the regulatory requirements to
distinguish products from those already known to consumers and
to signal allergenicity. It is seen as an appropriate name for describ-
ing the technology/process and it performs as well or better than
other terms with respect to key measures related to consumer per-
ceptions and acceptance. As such, the term “cell-based seafood”
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should be considered the best common or usual name to be used
to label seafood products produced using the technology.
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ABSTRACT:

Using an online experiment with a nationally representative sample of 1200 adult American
consumers, two “common or usual names,” “Cell-Based Seafood” and “Cell-Cultured Seafood,”
were assessed using five criteria. Displayed on packages of frozen Atlantic Salmon, the names
were evaluated on their ability to differentiate the novel products from conventionally-
produced fish, to identify their potential allergenicity, and after learning its meaning, to be seen
by participants as an appropriate term for describing the process for creating the product. In
addition, the names were evaluated as to whether they would be interpreted as disparaging of
new or existing products, and whether they elicited reactions contrary to the assertion that the
products are nutritious, healthy and safe. The results confirmed earlier research showing that
“Cell-Based Seafood” slightly outperformed “Cell-Cultured Seafood” as a common or usual
name. Labeling products with the term “Cell-Based Seafood” meets important regulatory
criteria by enabling consumers to distinguish such products from conventional seafood
products, and by indicating the presence of allergens. From a marketing perspective, “Cell-
Based” is also viewed as an appropriate term for describing the process for producing the
products, meeting the criteria for transparency. Consumers also had more positive reactions to
“Cell-Based Seafood” and were slightly more inclined to want to taste and purchase “Cell-
Based” products both before and after learning the meaning of “Cell-Based” and “Cell-
Cultured.” Therefore, “Cell-Based Seafood” should be adopted as the best common or usual

name to label cell-based seafood products.
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Practical Application:

Widespread adoption and consistent use of a single “common or usual name” for “Cell-Based”
seafood, meat, poultry and other products by the food industry, regulators, journalists,
marketers, environmental, consumer, and animal rights advocates, and other key stakeholders
would help shape public perceptions and understanding of this rapidly advancing technology
and its products. This study confirms that “Cell-Based Seafood” is the best performing term to
label seafood products made from the cells of fish. It meets relevant FDA regulatory
requirements and slightly outperforms “Cell-Cultured Seafood” with regard to positive

consumer perceptions, interest in tasting and likelihood of purchasing these novel products.
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1 Introduction

Development of the technology to bring cell-based meats, poultry, and seafood to market
at an affordable price is moving at a rapid pace (Dolgin, 2020; Miller, 2020). Stakeholder
adoption and consistent use of a single term to refer to and to label cell-based protein products
would help settle regulatory issues, shape public perceptions, and promote a clearer
understanding of cell-based products (Hallman & Hallman, 2020). Yet, consensus regarding
what to call these products still remains elusive, with different stakeholders favoring different
terms (Ong, Choudhury, Naing, 2020).

Much of the research designed to answer this question of nomenclature has focused on
issues of consumer acceptance of cell-based meat products (Bryant & Barnett, 2018, 2020). This
approach makes sense from a marketing perspective since the promised benefits of cell-based
meats, poultry, and seafood (Stephens et al., 2018; Tomiyama et al., 2020) can only be realized
if consumers are willing to purchase them. However, the term ultimately used to label cell-
based products must meet regulatory criteria as well as marketing criteria. Names chosen to
maximize potential consumer acceptance (Szejda, 2018) may fall short of regulatory
requirements or may be viewed as false or misleading by regulators. U.S. Food and Drug
Administration (FDA) regulations (21CFR101.3) call for foods that lack defined standards of
identity (21CFR130.8) to be labeled with a statement of identity, such as a “common or usual
name” to help inform consumer choices about food products available for purchase.
Correspondingly, the US Department of Agriculture (USDA) requires that meat (9CFR317.2) and
poultry products (9CFR381.117) be labeled using common or usual names. The FDA and the

USDA Food Safety and Inspection Service (USDA-FSIS) have formally agreed to jointly regulate
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cell-based meat and poultry (though seafood would be regulated solely by the FDA) (Post et al.,
2020; U.S. Food and Drug Administration and U.S. Department of Agriculture Office of Food
Safety, 2019).

Key to common or usual names under 21CFR102.5 is that the specified name simply,
directly and accurately describe or identify the basic nature of the food or the ingredients or
properties that distinguish it from other products. It also must not be easily confused with the
name of another food that is not in the same category, and it should convey what the product
is in a clear way that differentiates it from other foods.

Balancing both marketing and regulatory considerations, Hallman and Hallman (2020)
proposed five criteria for choosing a common or usual name that could be used to
appropriately label products made from the cells of fish, shellfish, and crustaceans, and by
extension, other cell-based meat, poultry, and game products. In their criterion A, they argued
that to meet FDA and USDA regulatory requirements, a common or usual name should enable
consumers to distinguish cell-based products from conventionally produced products. For
seafood, this means that the common or usual name should signal to consumers that the cell-
based seafood is neither wild-caught nor the product of aquaculture (i.e., farm-raised).

While Hallman and Hallman'’s criterion A is that the common or usual name convey that
there are important differences between cell-based and conventional products, their criterion B
is that the common or usual name should also signal important similarities. FALCPA, the Food
Allergen Labeling and Consumer Protection Act of 2004 (Public Law 108-282) requires that
foods that consist of, or that contain protein from a "major food allergen,” bear a label that

declares that allergen’s presence. Because cell-based seafood products will necessarily be
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91 produced using the cells of fish, shellfish, or crustaceans, the common or usual name should
92  not suggest that the products are safe to eat by those who are allergic to other seafood
93  products.
94 While meeting FDA regulatory requirements is a necessary prerequisite, the common or
95  usual name must also meet the needs of consumers and the companies making these products.
96  While perhaps implicit in the FDA requirements for common or usual names, Hallman and
97  Hallman (2020) set as their Criterion E, that consumers view the name as appropriate to
98 identify the product. Consumers increasingly demand transparency in food labeling (FMI and
99  Label Insight, 2020). Moreover, because of the purported environmental, ethical and other
100  benefits associated with cell-based meat, poultry, and seafood, companies should want to
101 transparently differentiate their cell-based products from their conventional counterparts. They
102 may also find such differentiation necessary to justify the price premium likely needed to be
103 charged when cell-based products initially make it to market. In choosing to voluntarily
104  differentiate their products using a transparent common or usual name, producers of cell-based
105  meat, poultry, and seafood would also likely preempt efforts to mandate labeling of their
106  products using terms they may find limiting or pejorative
107 Finally, producers of cell-based meat will want to avoid repeating the errors made in
108  introducing GM (genetically modified) foods to consumers. One of the mistakes made by
109  producers of GM foods was to send unlabeled GM products into Europe and other markets
110  where they faced significant resistance. The resulting backlash created longstanding mistrust of
111 producers of GM products and of GMOs in general (Mohorcich & Reese, 2019).

112
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113 Hallman and Hallman (2020) also argued that a common or usual name should be chosen
114  thatis not viewed as “disparaging” of either existing conventional products or cell-based

115  products (Criterion C). Similarly, they suggest that an effective common or usual name should
116  not elicit consumer reactions that suggest that the cell-based food products are unsafe,

117  unhealthy, or less than nutritious (Criterion D). These latter criteria recognize that if the

118  common or usual name is expected to be adopted voluntarily by producers, it cannot work
119 against efforts to sell either cell-based or conventional products. Producers of cell-based

120  products have already rejected terms proposed by some consumer organizations (Hansen,

s n u

121 2018) such as “lab-grown meat,” “synthetic meat,” “artificial meat,” and “fake meat. Producers
122 assert that these terms are scientifically inaccurate and are intended to portray their foods as
123 artificial and unpalatable (AMPS Innovation, 2020). At the same time, traditional meat

124  producers have rejected names they believe are disparaging of their own conventional

125 products. These include names preferred by animal rights advocates and some companies,

n u n u

126  including “clean meat,” “animal-free meat,” “slaughter-free meat,” and “cruelty-free meat”

127  (Greene & Angadjivand, 2018).

128 Hallman and Hallman (2020) used these five criteria as the basis for testing seven potential
129  common or usual names for cell-based seafood. The names they tested included “Cultivated
130  Seafood,” “Cultured Seafood,” “Cell-Based Seafood,” and “Cell-Cultured Seafood.” They also

131  tested the phrase, “Produced using Cellular Aquaculture,” and the phrases “Cultivated from the
132 Cellsof ____,” and “Grown directly from the Cells of " filling in the blanks with the name

133 of the packaged seafood product. Three controls (wild-caught, farm-raised, and no common or

134 usual name) were also tested as comparisons. To test these names and phrases, they used a 3 x
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135 10 between-subjects experimental design, collecting data online from a quota sample of 3,186
136 US adults drawn from opt-in panels. These common or usual names tested were shown as

137  labels on realistic packages of frozen seafood (salmon, shrimp and tuna).

138 The results showed that all of the common or usual names performed equally well in

139 signaling that those allergic to seafood should not eat the products (Criterion B). Each was also
140  seen as an appropriate name to identify the product (Criterion E).

141 However, the majority of consumers were unable to differentiate seafood products labeled
142 with the terms “Cultivated,” “Cultured,” and the phrase “Produced using Cellular Aquaculture”
143 from conventional “Wild-Caught” or “Farm-Raised” seafood. In fact, 54% of those who saw the
144  term “cultivated,” 41% of those who saw the term “Cultured,” and 39% of those who saw the
145 phrase “Produced using Cellular Aquaculture” wrongly assumed that the products were “Farm-
146  Raised.” Therefore, none of these terms meet the essential regulatory criterion (A) for common
147 or usual names. Only the four terms incorporating the word “cell” (“Cell-Based,” “Cell-

148 Cultured,” “Cultivated from the Cells of ___,” and “Grown directly from the Cells of ") cued
149  more than half of the participants that the products were neither “Wild-Caught” nor “Farm-

150  Raised.”

151 However, the phrases “Cultivated from the Cells of " and “Grown directly from the Cells
152 of __ " performed poorly with respect to the consumer perception / marketing criteria.

153 Consumers rated products with those terms the least positively and they were seen as most
154 likely to be genetically modified. Importantly, they also performed relatively poorly regarding
155  consumer perceptions of the associated product’s taste, safety, nutrition, and naturalness,

156  particularly in comparison to conventional “Wild-Caught” and “Farm-Raised” products.
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157  Consumers also expressed the least interest in tasting, and were least likely to purchase the

158  products with these terms.

159 Both of the names, “Cell-Based” and “cell-cultured,” signaled to more than half of the

160  participants that the product differs from both “Wild-Caught” and “Farm-Raised” seafood

161  (meeting criterion A). In direct comparisons, the terms “Cell-Based” and “Cell-Cultured” were
162  not significantly different from each other on most of the consumer perception and marketing
163 related measures tested. Nevertheless, “Cell-Based” was found to outperform “Cell-Cultured”
164  when comparing the pattern of results for each term to those of the conventional “Wild-

165  Caught” and “Farm-Raised” seafood products, with which these novel products would compete
166  inthe marketplace. Therefore, Hallman and Hallman (2020) concluded that the term “Cell-

167  Based” was the better name.

168 While Hallman and Hallman (2020) recommended “Cell-Based” as the best performing

169  term of the seven tested, “Cell-Based” and “Cell-Cultured” generated similar results. The study
170  also had some limitations. It was designed as an initial evaluation of seven potential common or
171 usual names (and three comparisons) and tested these using three different seafood products.
172 The resulting 3 x 10 experimental design randomly assigned ~100 participants per condition.
173 Because no statistically significant interactions were found between the common or usual name
174  tested and the type of seafood product, tests of main effects of common or usual name were
175  able to be conducted with samples of ~300 per condition. This provided sufficient power to

176  detect relatively small differences in means and proportions among the 10 names in the

177  analysis. However, because of the large number of statistical tests performed, conservative p-

178  values needed to be adopted to reduce experiment-wise error. In addition, the opt-in quota
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179  sample of ~300 per condition is inadequate to project the results to the US population with a
180  reasonable margin of sampling error.

181 To overcome these limitations, this study examines the two best performing names

182  identified by Hallman and Hallman (2020), “Cell-Based” and “Cell-Cultured,” using a nationally
183  representative sample of 1200 participants, permitting projections of the study results to the
184  population. It also adds additional measures to further explore consumer perceptions of the
185  nature of the products, and their perceptions of the products after learning the meaning of the
186  common or usual names.

187 Many consumers are likely to first encounter these novel products through seeing a

188  package in a grocery store. Therefore, common or usual names must convey meaning on their
189  own—that is, without additional explanation on the label. Following the eventual regulatory
190  clearance and introduction of the products into the marketplace and with the adoption and use
191  of a consistent common or usual name, consumer awareness, knowledge, and understanding of
192 the products and the technology used to produce them will likely grow over time. This study
193 therefore also adds measures of consumer perceptions of the products after reading an

194  explanation of the meaning of the terms.
195 2 Materials and Methods

196 2.1 Experimental Design

197 Two proposed common or usual names, “Cell-Based Seafood” and “Cell-Cultured Seafood”
198  were tested. Each participant was randomly assigned to view only one of the names, which
199  were tested on the labels of high-definition images of packages of frozen Atlantic Salmon

200  Fillets. Salmon was chosen because it is one of the most often consumed seafood products in
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201  the U.S., so many consumers are familiar with it (Seafoodhealthfacts.org, 2018). Consistent with
202 this, Hallman and Hallman (2020), found that 58.4% of their participants had eaten salmon in
203  the previous year and that those assigned to view a salmon product were moderately familiar
204  with salmon in general. Salmon is also high in Omega 3 fatty acids and low in methylmercury, so
205  itis recommended by the FDA and EPA as a “best choice” for consumption by women who are
206  (or might become) pregnant, breastfeeding mothers, and young children (U.S. Food and Drug
207  Administration, 2019).

208 2.2 Materials

209 High-resolution pictures of the front of packages containing frozen Atlantic Salmon were
210  created for this experiment, identical to those used in Hallman and Hallman (2020) (see Figure
211  1). These were designed to mimic conventional seafood packages currently available in the
212 supermarket. As is typical of such packages, the top one-third depicted a cooked salmon fillet,
213  presented as a “serving suggestion.” The middle third displayed the product title, “Atlantic

214  Salmon Fillets.” The common or usual name to be tested was printed directly below the

215  product title. A Nutrition Facts Label (NFL) with accurate values corresponding to those of

216  conventional Atlantic Salmon Fillets appeared on the bottom third of the package. The net

217  weight was printed at the bottom of the package along with declarations that the product

218  “CONTAINS SALMON,” and is “PERISHABLE,” and advising consumer to “KEEP FROZEN” and to
219 “COOK THOROUGHLY.”

220 2.3 Participants

221 Data was collected between October 6 and October 13, 2020. The study participants

222 consisted of adult American consumers (18 and older) recruited from the YouGov.com web-
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223 based consumer panel. YouGov initially interviewed 1780 respondents from whom, a sample of
224 1600 participants were selected to produce the final dataset, matching a sampling frame

225  derived from the 2018 American Community Survey (ACS).

226 Of these 1600 participants, 1200 were randomly assigned to complete one of the two

227  experimental conditions reported in this study, while 400 participants completed a related task
228  to be summarized in a separate article. Through random assignment, a total of 591 participants
229  viewed packages displaying the common or usual name, “Cell-Based Seafood,” while 609

230  viewed packages displaying the common or usual name, “Cell-Cultured Seafood.” Sampling

231  error associated with N=600 is +/- 4% when projected to the population.

232 2.4 Procedure

233 The procedures used were adapted from those reported in Hallman and Hallman, 2020. The
234  participants provided informed consent and confirmed that they were 18 years of age or older
235  and so eligible to participate. They then read an inclusive description of the term “seafood” and
236  were asked how often they had eaten a meal containing seafood in the previous 12 months,
237  and if they had not eaten any seafood to indicate why. Those who had consumed seafood were
238  then shown a list of seafood and asked to indicate which products they had eaten. The

239  participants were also asked about their familiarity with dietary guidelines for eating seafood,
240  and how many four-ounce portions of seafood they had eaten in the prior week.

241 The participants were then shown the image of the package bearing the common or usual
242 name they had been randomly assigned. The participants were asked to look at the package
243 carefully, to record (in free text) the “first thought, image, or feeling that comes to mind when

244  seeing this package,” and then to rate how positive or negative this response was.
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245 To ensure that each participant actively considered the package and its label, the

246  participants saw the package a second time and were asked to repeat the same exercise.

247  Finally, they were presented with the package a third time and asked how positive or negative
248  their overall reactions to the salmon product were, how interested they would be in tasting the
249  salmon, and if it were sold in their grocery store, how likely they would be to purchase it in the
250  next six months.

251 The participants then viewed an enlarged version of the picture of the cooked salmon fillet
252  that appeared on the package. They were then asked how familiar they are with salmon overall,
253  whether they had ever tasted Atlantic Salmon, and if so, how much they liked or disliked the
254  taste. Those who indicated that they had previously eaten salmon were asked if they had ever
255  ordered a salmon fillet in a restaurant, purchased it in a store, online, or at a fish market. They
256  were also asked about their likelihood to purchase uncooked and fully-cooked salmon fillets in
257  astore in the next six months, whether they have ever cooked salmon fillets, whether it is true
258  or false that salmon is a good source of “heart-healthy” Omega 3s, and if they, or anyone who
259  lives in their households is allergic to salmon or to any other seafood.

260 The participants were then shown an enlarged image of the product name “Atlantic Salmon
261  Fillets” along with the common or usual name to be tested printed below it. While viewing the
262  image, the participants were asked, “Which of the following best describes this salmon?” The
263  response categories were “Wild-Caught,” “Farm-Raised,” and “Neither Wild-Caught nor Farm-
264  Raised.” Those who indicated that it was “Neither Wild-Caught nor Farm-Raised” were then

265  asked a follow-up question, “Which of the following best describes this salmon?” with the
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response categories, “Made from the cells of Salmon,” “Made from the cells of Plants,” and
“Made from neither Salmon nor Plant cells.”

Participants were asked whether those allergic to fish should eat the salmon, as well as how
safe it would be to consume the salmon if one is not allergic to fish. They then rated the
product’s naturalness and how likely they thought that it had been genetically modified.

The Nutrition Facts Label (NFL) was then shown, enlarged so that it could be easily read.
While the NFL was still on screen, the participants indicated how nutritious the salmon is, and
how good or bad they thought the salmon tastes. Finally, they were asked whether pregnant
women should eat the salmon and separately, whether children should consume it.

Because a common or usual name must convey appropriate meaning on its own, no
definition of either “Cell-Based” or “Cell-Cultured” Seafood was provided to the participants
prior to the final part of the experiment. Participants then read the following description (“Cell-
Cultured Seafood” was substituted for those randomly assigned to that condition).

“The term Cell-Based Seafood indicates that this salmon differs from both

wild-caught and farmed salmon. It tastes, looks, and cooks the same and has the
same nutritious qualities as Atlantic Salmon produced in traditional ways.
Yet, it involves a new way of producing just the parts of salmon that people eat,

instead of catching or raising them whole. Cell-Based Seafood means that a small

number of cells from Atlantic Salmon were placed in a nutrient solution, where
they grew and reproduced many times. The resulting meat was then formed into

fillets that can be cooked or eaten raw.”
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287 After reading this definition, the participants were asked to indicate their existing familiarity
288  with “the idea of producing just the parts of salmon that people eat, instead of catching or

289  raising them whole.” They were asked to indicate how appropriate the term was “for describing
290  this new way of producing just the parts of salmon that people eat, instead of catching or

291  raising them whole?” They then rated the clarity of the term in communicating that the product
292 “was not caught in the ocean,” how clear it communicated that the product was not farm-

293  raised, and whether they agreed or disagreed that Atlantic Salmon that is “Cell-Based” (or “Cell-
294  Cultured”) should be “sold in the same section of the supermarket as wild-caught and farm-

295  raised fish.”

296 After having read the description of “Cell-Based” (or “Cell-Cultured”) Seafood, the

297  participants were prompted to take a final look at the package of Atlantic Salmon. They were
298  then asked how positive or negative their overall reactions to the salmon were, how interested
299  they would be in tasting it, how likely they would be to buy the product in the next six months if
300 it were sold in their grocery store, and how likely they would be to recommend that pregnant
301  women buy the salmon. They then answered questions related to a second experiment, the

302 results of which will be summarized in a subsequent article. The participants finished by

303  reporting whether they have any children under the age of five living in the household and

304  whether they are the primary shopper in their household.

305 2.5 Statistical Analyses

306 Analyses were conducted using IBM SPSS Statistics for Windows (version 27; IBM Corp.,

307  Armonk, New York). Differences in means were analyzed using Analysis of Variance to produce

308  effect sizes using partial eta-squared (ny?). Z-tests of column proportions with Bonferroni
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309  correction were used to analyze differences in proportions. A p-value of 0.05 was used to

310  distinguish significant differences within statistical tests. Where appropriate, weighted data is
311  reported in the tables reporting percentages projected to the US population. To avoid potential
312 distortions in the variance associated with key variables, sample weights were not used when
313 reporting means, standard deviations, the results of ANOVAs, effect sizes, and correlations.

314 3 Results and Discussion

315 The median length of the experiment reported here was approximately 11.8 minutes.

316  Consistent with census data, 51.3% of the 1200 participants were female. Mean age was 47.41,
317  SD=17.69; 10.8% reported children under age 5 in the household. When asked “who does the
318  grocery shopping for the household,” 55.4% reported doing “all of it,” 17.7% “most of it,” 15.5%
319  “about half of it,” 8.5% “some of it,” and 2.9% “someone else does all of it.” Additional

320  sociodemographic characteristics of the sample provided by YouGov as part of its panel

321  recruitment are shown in Table 1.

322 About nine-in-ten (90.5%) of the participants reported having eaten one or more meals

323 containing seafood in the 12 months prior to the survey. Moreover, 63.6% reported they had
324  eaten at least one seafood meal a month, 31.4% reported that they had eaten at least one

325 seafood meal a week, and 1.2% indicated that they had consumed one or more meal containing
326  seafood per day. About four-in-ten (42.9%) reported having eaten a salmon fillet in the

I”

327  previous 12 months. Only 8.1% reported that they were “not familiar at all” with salmon in
328  general. Consistent with this, 70.0% reported that they had previously purchased uncooked

329  salmonfillets in a store, online, or at a fish market, 69.5% reported that they had cooked

330  salmon fillets, and 42.0% reported that they had ordered a salmon fillet in a restaurant. The
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331  majority (58.6%) reported having previously tasted Atlantic Salmon specifically, with 83.5% of
332 these indicating that they liked its taste.

333 The remaining results are structured to address the specific criteria described in the

334 introduction.

335 3.1 Criterion A — Ability to distinguish from conventional products

336 A fundamental regulatory criterion for an acceptable common or usual name is its capacity
337  tosignal that the labeled product is different from those that consumers may already be

338  familiar with. To test this, the participants were shown the product packages three times and
339  asked to provide reactions to them. They were then asked, “Which of the following best

340  describes this salmon?” Is it best described as “wild-caught,” “farm-raised,” and “neither wild-
341  caught nor farm-raised”?

342 As shown in Table 2, the majority of those who viewed the name “Cell-Based” (60.1%) and
343 those who saw “Cell-Cultured” (58.9%) on the package label correctly identified the salmon as
344  “neither wild-caught nor farm-raised.” There were no statistically significant differences in

345  these percentages, projected to the population. Thus, even in the absence of additional labeling
346  information describing their meaning, both names do a good job of indicating to American

347  consumers that the products are different from conventional wild-caught and farm-raised fish.
348  However, a greater proportion of those who saw the name “Cell-Cultured” (30.1%) assumed
349  that the product was farm-raised than those who saw the name “Cell-Based” (24.9%). In

350  contrast, a greater proportion of those who saw the name “Cell-Based” (15.0%) assumed that

351  the product was wild-caught than those who saw the name “Cell-Cultured” (11.1%).
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352 The participants who correctly responded that the salmon was “Neither wild-caught nor
353  farm-raised,” were asked to indicate whether the salmon could be best described as “Made
354  from the cells of Salmon,” “Made from the cells of Plants,” or “Made from neither Salmon nor
355  Plant cells.” As shown in Table 2, the largest percentage of those who viewed “Cell-Cultured”
356 (43.9%) and of those who viewed “Cell-Based” (40.8%) indicated that “Made from the cells of
357  Salmon” was the best descriptor for the product. There are no statistically significant

358  differences in these percentages, projected to the population. Thus, even in the absence of
359  additional labeling, both names do a good job of indicating to American consumers that the
360  products are made from the cells of fish. The smallest percentage (8.0%) of those who saw
361  “Cell-Based” and “Cell-Cultured” (2.9%) thought that the product was “Made from the cells of
362  Plants.” A z-test of column proportions indicated that these proportions are statistically

363  different. A similar proportion (11.3%) of those who viewed “Cell-Based,” and 12.0% of those
364  who viewed “Cell-Cultured” thought that the product was made from “neither plant nor salmon
365  cells.”

366 3.2 Criterion B — Signal the presence of potential allergens

367 The proteins in the cells of fish can cause allergic responses in some individuals. Therefore,
368 it is important that consumers recognize that cell-based seafood products will also contain

369  potential allergens and avoid eating them. To test this, participants were shown the product
370  title and common or usual name, and were asked, “If you are allergic to fish, is it safe for you to
371  eat this salmon?” The response options were, 1 definitely not, 2 probably not, 3 probably yes, 4

372 definitely yes. “Cell-Based” and “Cell-Cultured” were equally competent in signaling
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373 allergenicity (H(1)=1.687, p =.194). Overall, participants understood that those with allergies to
374  fish should not eat the product (Mdn=2.0).

375 3.3 Criteria C and D - Not be viewed as disparaging of cell-based or conventional products

376 The participants were asked to carefully examine the package of seafood shown to them and
377  asked to type their response to the question, “What is the first thought, image, or feeling that
378  comes to mind when seeing this package?” They were then asked to look at the package a

379  second time and to record the thought, image, or feeling that came to mind. Each of the

380  responses was coded using one of the 28 categories developed by Hallman and Hallman (2020)
381  (see Table S1 in the supplemental materials). Each response was independently coded by two
382  trained researchers, with any discrepancies resolved by consensus.

383 After recording their open-ended responses, each participant rated how positive or negative
384  their thought, image, or feeling was, using a scale ranging from 1 extremely negative to 7

385  extremely positive. They were then asked to look at the package a third time and using the

386  same scale, record how positive or negative their overall reaction was.

387 As shown in Table 3, the thoughts, images, and feelings associated with “Cell-Based” were
388  rated by the participants as more positive than those associated with “Cell-Cultured.” Similarly,
389  the participants’ overall reaction to “Cell-Based” was also rated more positively than their

390  overall reaction to “Cell-Cultured.”

391 The participants were asked how safe it would be to eat the salmon if one is not allergic to
392 fish, responding using the scale: 1 very unsafe; 2 moderately unsafe; 3 somewhat unsafe; 4

393  neither safe nor unsafe; 5 somewhat safe; 6 moderately safe; 7 very safe. Both the “Cell-Based”

394 (M =5.58,SD =1.64) and “Cell-Cultured” Salmon (M = 5.54, SD = 1.65) were equally rated as
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395  “somewhat” to “moderately” safe to eat (F(1, 1198) =0.178, p = .673, ny?>=.000). They were

396  also equally rated as “moderately” nutritious; “Cell-Based” (M = 3.55, SD = 0.95), “Cell-

397  Cultured” (M =3.55, SD = 0.98), (F(1, 1197) =.002, p = .97, ny*=.000) [Scale: 1 not at all

398  nutritious; 2 slightly nutritious; 3 moderately nutritious; 4 very nutritious; 5 extremely

399  nutritious].

400 Both products were also equally imagined to taste “slightly” good; “Cell-Based” (M = 5.09, SD
401  =1.59), “Cell-Cultured” (M = 4.99, SD = 1.64), (F(1, 1198) = 1.337, p = .25, ny?>=.001) [Scale: 1
402  extremely bad; 2 moderately bad; 3 slightly bad; 4 neither good nor bad; 5 slightly good; 6

403  moderately good; 7 extremely good]. The participants also reported that they were

404  “moderately” interested in tasting both products, though they were slightly more interested in
405  tasting “Cell-Based” (M =3.12, SD = 1.49) than “Cell-Cultured” Atlantic Salmon (M =2.94, SD =
406  1.52), (F(1, 1198) = 4.499, p = .034, ny?=.004), [Scale: 1 not at all interested, 2 slightly

407  interested, 3 moderately interested, 4 very interested, 5 extremely interested].

408 Both products were equally rated as “neither natural nor unnatural”; “Cell-Based” (M = 4.22,
409  SD=1.87) and “Cell-Cultured” Salmon (M = 4.07, SD = 1.96), (F(1, 1197) = 2.033, p = .154, np?=
410  .002) [Scale: 1 very unnatural, 2 moderately unnatural, 3 somewhat unnatural, 4 neither natural
411 nor unnatural, 5 somewhat natural, 6 moderately natural, 7 very natural]. However, “Cell-

412 Cultured” Salmon (M = 5.62, SD = 1.43) was seen as slightly more likely to have been genetically
413 modified than “Cell-Based” Salmon (M =5.42, SD = 1.52), (F(1, 1198) = 5.395, p = .02, np? = .004)
414  [1 extremely unlikely; 2 moderately unlikely; 3 slightly unlikely; 4 neither likely nor unlikely; 5

415  slightly likely; 6 moderately likely; 7 extremely likely].
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416 Overall, the participants believed that pregnant women should probably not consume

417  either of the salmon products. Using weighted data, 53.6% of the participants seeing either

418  name indicated that pregnant women should probably or definitely not eat this salmon. Coded
419  as 1 definitely not, 2 probably not, 3 probably yes, and 4 definitely yes, the median for both
420  “Cell-Based” and “Cell-Cultured” was 2.00. By contrast, the majority in both conditions

421  indicated that children should eat the salmon depicted using the same scale. The median for
422 both “Cell-Based” and “Cell-Cultured” was 3.00. About seven-in-ten of those who saw “Cell-
423  Based” (70.6%) and “Cell-Cultured” (69.1%) indicated that children should probably or

424  definitely eat the salmon. Kruskal-Wallis tests indicated no statistically significant differences
425  between the two names with respect to either dependent measure.

426 3.4 Criterion E — Be seen as an appropriate term

427 After viewing the description of the meaning behind “Cell-Based” or “Cell-Cultured,” two
428  thirds of the participants (68%) reported that they were “not familiar at all” “with the idea of
429  producing just the parts of seafood that people eat, instead of catching or raising them whole.”
430  The remaining participants indicated that they were “slightly” (10.7%), “Moderately” (11.1%),
431  “very” (6.5%) or “extremely familiar” (3.5%) with the idea (all percentages reported using

432 weighted data). Coded on a scale of 1 not at all familiar to 5 extremely familiar, there were no
433 statistically significant differences between the two names with regard to participant familiarity
434  with the concept (M =1.68, SD = 1.12). Similarly, using a scale of 1 “extremely inappropriate” to
435 7 “extremely appropriate,” both of the names were seen identically as “slightly appropriate”
436  (M=4.97, SD = 1.81) “for describing this new way of producing just the parts of salmon that

437  people eat, instead of catching or raising them whole.”
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438 Participants were also asked how clear the term they viewed is, “in communicating that
439  the salmon was not caught in the ocean,” and in communicating that it was not “Farm-Raised,”
440  responding using the scale: 1 extremely unclear; 2 moderately unclear; 3 slightly unclear; 4

441  neither clear nor unclear; 5 slightly clear; 6 moderately clear; 7 extremely clear. The

442  participants who saw “cell-cultured” indicated that the term was slightly clearer in

443 communicating that, “the salmon was not caught in the ocean” (M = 4.52, SD = 2.07), than

444  those who saw “Cell-Based” (M =4.12, SD = 2.18), (F(1, 1198) = 10.48, p = .001, ny*=.009).

445  Similarly, “Cell-Cultured” was seen as slightly clearer in communicating that “the salmon was
446  not farm-raised” (M = 4.38, SD = 2.09), than “Cell-Based” (M = 4.09, SD = 2.16), (F(1, 1198) =
447  5.315,p =.021, n,?>=.004).

448 It should be noted that these responses were given dafter reading the explanation of the
449  meaning of the terms. Yet, when seeing the terms “Cell-Based” and “Cell-Cultured” on the

450  packages at the beginning of the experiment (prior to explaining their meaning), both were
451  seen equally as “Neither Wild Caught nor Farm Raised.” Moreover, a greater proportion of

452  those who saw the name “Cell-Cultured” assumed that the product was farm-raised than those
453  who saw the name “Cell-Based,” while a greater proportion of those who saw the name “Cell-
454  Based” thought that the product was “Wild-Caught.” On its own, therefore, “Cell-Cultured”
455  does not appear to be clearer than “Cell-Based” in demonstrating that the salmon was not

456  produced using traditional methods.

457 The participants were asked to indicate their level of agreement that the “Cell-Based” and
458  “Cell-Cultured” salmon they viewed should be sold in the same section of the supermarket as

459  “Wild-Caught” and “Farm-Raised” seafood, using a scale of 1 strongly disagree to 7 strongly
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460  agree. The mean responses for both terms were identical, (M=4.31, SD = 1.90), [4 = “neither

461  agree nor disagree”].

462 3.5 Consumer perceptions post-explanation of the meaning of the term.

463 In the final part of the experiment the participants were prompted to take a final look at the
464  package of salmon, and to consider it again, “now that you know what “Cell-Based” [or “Cell-
465  Cultured”] means.” Repeating the same questions as those in the first part of the experiment,
466  the participants were asked how positive or negative their reactions were to the salmon. The
467  participants who saw packages labeled as “Cell-Based” had slightly more positive overall

468  reactions (M =4.24, SD = 1.93) than those who saw packages labeled as “Cell-Cultured” (M =
469  4.01,SD=1.93), (F(1,1198) = 4.164, p = .042, np>= .003) [Scale: 1 extremely negative to 7

470  extremely positive]. Those who saw “Cell-Based” also expressed slightly more interest in tasting
471  the salmon (M = 2.83, SD = 1.47) than those who saw “Cell-Cultured” (M = 2.65, SD = 1.51), (F(1,
472 1198) =4.397, p = .036, np>=.004) [Scale: 1 not interested at all to 5 extremely interested).

473  Those who saw “Cell-Based” also indicated greater likelihood of purchasing the salmon in the
474  next six months (M =3.77, SD = 2.22) than those who saw “Cell-Cultured” (M = 3.45, SD = 2.26),
475 (F(1,1198) =6.308, p =.012, np?>=.005) [Scale: 1 extremely unlikely to 7 extremely likely).

476  However, they were equally unlikely to recommend that pregnant women buy the salmon;

477 “Cell-Based” (M =3.34, SD = 1.97), “Cell-Cultured” (M = 3.26, SD = 2.03), (F(1, 1198) = 0.488, p =
478  .485, np?=.000) [Scale: 1 extremely unlikely to 7 extremely likely).

479 3.6 Determining the best performing common or usual name

480 Each of the five criteria were assessed to determine the name which best meets the

481  requirements of producers, consumers, and regulatory agencies. The results confirmed the
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482  original findings in Hallman and Hallman (2020). Nearly 80% of the participants indicated that

III n

483  were “not familiar at all” or only “slightly familiar,” “with the idea of producing just the parts of
484  seafood that people eat, instead of catching or raising them whole.” Yet, on their own, both
485  “Cell-Based Seafood” and “Cell-Cultured Seafood” signaled to 60% of consumers that the novel

Ill

486  product differs from conventional “wild-caught” and “farm-raised” salmon (meeting criterion A)
487  and without any additional explanation, more than 40% directly understood that the products
488  were made from the cells of salmon. Both terms were equally able to signal potential

489  allergenicity, with 72.6% of those who saw “Cell-Based Seafood” and 75.4% of those who saw
490  “Cell-Cultured Seafood” indicating that those allergic to seafood should “probably” or

491  “definitely not” consume the product (meeting criterion B) and both terms are seen as

492  appropriately descriptive (meeting criterion E). Both are seen as equally safe and nutritious and
493  are presumed to taste equally as good. Neither is seen as unnatural, although the products

494  labeled as “Cell-Cultured” were seen as slightly more likely to have been genetically modified.
495 However, packages of Atlantic Salmon Fillets with the common or usual name “Cell-Based
496  Seafood” were rated by participants as slightly more positive than those with the common or
497  usual name “Cell-Cultured Seafood.” Both before and after reading the description of the

498  meaning of the terms, participants reported more positive overall impressions, greater interest
499  in tasting, and greater likelihood of purchasing the products labeled as “Cell-Based Seafood”
500  than those labeled as “Cell-Cultured Seafood.”

501 It should be noted that the mean differences and associated effect sizes in these measures

502  are quite small, though the pattern of those differences are consistent. These results also add

503  to those of Hallman and Hallman (2020), who found that the pattern of results associated with
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504  “Cell-Based” were similar to those of “Wild-Caught” and “Farm-Raised” seafood products, while
505  those associated with “Cell-Cultured” were dissimilar. In that study, initial reactions to “Cell-
506  Based Seafood” were as positive as they were to both “Wild Caught Seafood” and “Farm Raised
507  Seafood.” The products labeled as “Cell-Based Seafood” were also judged to be as nutritious as
508  both “Wild-Caught” and “Farm-Raised” seafood, while “Cell-Cultured” products were not.

509  Participants imagined that “Cell-Based Seafood” tasted as good as both “Wild-Caught” and

510  “Farm-Raised” seafood. They were also equally interested in tasting and likely to purchase

511  “Cell-Based Seafood” as they were seafood that was either “Wild-Caught” or “Farm-Raised.” In
512 contrast, those who saw “Cell-Cultured Seafood” products were only as interested in tasting
513  and purchasing them as they were in tasting and purchasing “Farm-Raised” seafood products.
514 Thus, the overall pattern of results from this study and that of Hallman and Hallman (2020)
515  suggest that “Cell-Based” is the better choice for a common or usual name based on measures

516  of likely consumer acceptance and purchase of these innovative products.
517 4 Conclusion

518 This study confirms that “Cell-Based Seafood” is the best candidate for a common or usual
519  name for seafood made from the cells of fish. It meets the regulatory requirements to signal
520  (onits own) that the novel products are not the same as conventional wild-caught and farm-
521 raised seafood. At the same time, combined with the product name, “Atlantic Salmon Fillets,” it
522 indicates to consumers that the products are made from the cells of fish, and therefore, those
523 who are allergic to fish should not eat them. From a marketing perspective, “Cell-Based” is

524  viewed as an appropriate term for describing the process for producing the products, meeting

525  the need for transparency in labeling. Additionally, consumers indicate that they view “Cell-
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Based Seafood” products more positively than “Cell-Cultured” and are slightly more inclined to
want to taste and purchase “Cell-Based” products. Therefore, the term “Cell-Based Seafood”
should be considered the best common or usual name to be used to label seafood products

produced from the cells of fish.
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597 Table1

598  Sociodemographic Characteristics of the Sample, (N) = 1200

Sociodemographic Characteristic* % of total
Gender
Male 48.7%
Female 51.3%

Marital status

Married 44.7%
Single, never married 33.2%
Divorced or separated 14.2%
Living with partner 6.2%
Widowed 5.8%

Educational level

Less than high school 4.7%
High school /GED 33.8%
Some college 23.0%
2-year college degree (Associate) 8.7%
4-year college degree (BA, BS) 18.4%
Post-Graduate 11.5%

Race/Ethnicity

White 63.1%
Black/African-American 12.1%
Hispanic/Latino 16.2%

Asian 3.5%
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Native American 1.3%
Two or More Races 2.1%
Other 1.6%
Middle Eastern 0.2%

Household income

Less than $10,000 6.8%
$10,000 to $19,999 8.5%
$20,000 to $29,999 12.9%
$30,000 to $39,999 11.1%
$40,000 to $49,999 7.7%
$50,000 to $59,999 6.9%
$60,000 to $69,999 6.0%
$70,000 to $79,999 8.3%
$80,000 to $119,999 4.2%
$120,000 to $249,999 1.8%
$250,000 to $349,999 1.7%
$350,000 to $499,999 0.6%
$500,000 or more 0.4%
Prefer not to say 7.9%
599 *Categories and data provided by YouGov, collected as part of their panel recruitment.

600
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Table 2
Common or Usual Name
Cell-Based Cell-Cultured Total
N % N % N %
Wild-Caught 88, 15.0% 68y 11.1% 156 13.0%
Farm-Raised 146, 249% 185, 30.1% 331 27.6%
Neither Wild-Caught nor Farm-Raised 352, 60.1% 362, 58.9% 714 59.5%
Made from the Cells of Salmon 239, 40.8% 270, 43.9% 509 42.4%
Made from Neither Salmon nor Plants 66, 11.3% 74, 12.0% 140 11.7%
Made from the Cells of Plants 47, 8.0% 18y 29% 65 5.4%

N=1201 (Weighted Data to project to the US population, rounded to whole numbers).

Each subscript letter within a row denotes a subset of Common Name categories whose

proportions do not differ significantly from each other at the .05 level using the Z-test of

column proportions with a Bonferroni correction determining the critical value. Only those

indicating that the Salmon was Neither Wild-Caught nor Farm-Raised were asked the follow-up

guestion asking whether the product was made from the cells of Salmon, Plants, or Neither, so

these answers are shown as a subset of “Neither Wild-Caught nor Farm-Raised.”
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Table 3

Ratings of Thoughts, Images, or Feelings and Overall Reactions By Common or Usual Name

M SD N F P-value n
Rating of First Thought, Image or Feeling 10.267 <0.001 .022
Cell-Based 4.84 1.78 591
Cell-Cultured 4.49 1.94 609
Rating of Second Thought, Image or Feeling 7.633 <0.01 .018
Cell-Based 4.69 1.73 591
Cell-Cultured 4.40 1.91 609
Overall Reactions 11.514 <0.001 .023
Cell-Based 4.82 1.72 591
Cell-Cultured 4.46 1.93 591

Scale: 1 extremely negative; 2 moderately negative; 3 slightly negative; 4 neither positive nor

negative; 5 slightly positive; 6 moderately positive; 7 extremely positive.
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620  Figures

621
622  Figure 1. Package Images.
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624  Supplemental Material



625 Table S1

626

627  Open-Ended Thoughts, Images, and Feelings Categorized

628

First Thought, Image or Feeling Second Thought, Image or Feeling
Cell-Based | Cell-Cultured | Total Cell-Based Cell-Cultured Total

None/IDK 5.1% 4.1% 4.6% 4.9% 5.4% 5.2%
Delicious/Appetizing/Yum/ 17.6% 17.2% | 17.4% 13.9% 9.2% 11.5%
Want to Eat/Try/Buy
Amazing/Awesome/ 12.2% 12.0% | 12.1% 8.3% 6.6% 7.4%
Attractive/Cool/Good/Great
/ Like it/Love it
Ok/ Acceptable 0.8% 0.3% 0.6% 2.0% 1.1% 1.6%
Bad/Disgusting/ Yuk 5.9% 7.2% 6.6% 6.6% 7.6% 7.1%
Unappetizing/Unappealing
Artificial/Fake/Not Natural/ 3.2% 6.6% 4.9% 3.6% 3.4% 3.5%
Lab Grown/Manufactured
GMO 0.0% 0.8% 0.4% 0.2% 0.3% 0.3%
Concerned/Worried/ 0.7% 2.1% 1.4% 1.0% 1.6% 1.3%
Unhealthy/Bad for you
Common Name Question 12.2% 8.5% | 10.3% 8.3% 9.4% 8.8%
Common Name 2.4% 3.8% 3.1% 2.2% 1.1% 1.7%
Salmon 6.1% 3.9% 5.0% 3.6% 3.6% 3.6%
Salmon Preparation 1.4% 1.3% 1.3% 3.0% 2.1% 2.6%
Nutritional Aspects 2.0% 3.1% 2.6% 5.1% 6.7% 5.9%




629
630

Healthy/Good for 4.6% 3.3% 3.9% 6.1% 5.9% 6.0%
You/Natural/Organic

Question/Confusion 2.9% 2.3% 2.6% 6.3% 7.4% 6.8%
Curious/Interesting 2.4% 1.5% 1.9% 0.7% 1.8% 1.3%
New/Innovative/ 0.1% 0.6% 0.4% 1.2% 0.7% 0.9%
Unfamiliar/Different

Do Not Like/Eat Fish/Salmon 1.4% 2.0% 1.7% 1.9% 1.5% 1.7%
Frozen/Not Fresh 2.4% 1.8% 2.1% 1.9% 3.8% 2.8%
Not Wild 1.2% 2.5% 1.8% 1.0% 1.0% 1.0%
Fresh 2.0% 1.1% 1.6% 1.2% 1.5% 1.3%
Basic/Generic/Blah/Bland/ 2.9% 3.0% 2.9% 3.7% 4.9% 4.3%
Boring/Packaging

Packaging/Positive/Clean/ 3.0% 2.6% 2.8% 4.4% 3.6% 4.0%
Simple/Convenient

Portion Size/Quantity 0.8% 0.7% 0.8% 2.4% 2.5% 2.4%
Expensive/High Quality 0.3% 0.5% | 0.4% 1.7% 1.5% 1.6%
Cheap/Inexpensive 1.2% 0.5% 0.8% 0.3% 1.0% 0.7%
Food/Meal 0.8% 1.5% 1.2% 0.7% 1.0% 0.8%
Other 3.7% 3.4% 3.6% 4.1% 3.8% 3.9%
Total 100% 100% | 100% 100% 100% 100%

N=1200 (unweighted)




