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With the Food Additives Amendment of 1958 the U.S. Congress established the pre-market approval requirement
for food additives unless such food ingredients were “generally recognized as safe” (GRAS). Beginning in 2010
with the publication of an audit by the U.S. Government Accountability Office, the GRAS provision has received
much attention from regulators and policy-makers, the media, and non-governmental organizations. This report

provides an overview and update of the policies, procedures, and scope of the GRAS program for flavor in-
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gredients sponsored by the Flavor and Extract Manufacturers Association of the United States (FEMA), and its
alignment with the requirements for GRAS conclusions established by Congress and FDA.

1. Introduction

The U.S. food supply is among the safest in the world, if not the
safest. A long-standing regulatory program for food ingredients man-
dated by the U.S. Congress in the Federal Food, Drug, and Cosmetic Act
and implemented and managed by the Food and Drug Administration
(FDA) assures that food ingredients added to our food are safe.

A significant amount of attention has been focused in recent years
on the ingredients of foods that in the U.S. are regulated as food ad-
ditives and substances “generally recognized as safe” (“GRAS”). Public
concern about the GRAS concept has existed for some time. This con-
cern is reflected in several reviews of the GRAS concept by a federal
government agency, the Government Accountability Office, and con-
sumer-oriented non-governmental organizations. These reviews iden-
tified concerns related to GRAS conclusions such as a lack of trans-
parency on procedures, the potential for conflict of interest issues due
to industry sponsorship of GRAS expert panels, an absence of mandated
re-evaluation after an initial GRAS conclusion is made that would ac-
count for increases in potential exposure or the availability of new,
relevant safety data, and a perceived lack of scientific rigor (e.g. GAO,
2010; Neltner et al., 2011). For example, partially hydrogenated oils
were considered GRAS by FDA for many years but a more timely re-
evaluation of GRAS status likely would have meant that the available
adverse human health effect information would have negated GRAS
status sooner. FDA started the process of removing GRAS status for
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these materials in 2013 stating that “... the GRAS status of ... a parti-
cular substance is time dependent ... [E]xpert opinion ... may change so
that there is no longer consensus that the specific use is safe” (FDA,
2013). Concerns have also been raised about the status of caffeine as an
FDA-listed (21 CFR 182.1180) GRAS substance with the agency taking
action to protect consumers from significant over-exposures to caffeine
in dietary supplement products (FDA, 2018d).

Americans are living longer, healthier lives as demonstrated by
consistent increases in life expectancy since 1900. Today, American
women can, on average, expect to live for 81 years and men for 76 years
(Xu et al., 2020), and mortality rates from cancer have declined con-
sistently since the early 1990s (Siegel et al., 2019). However, many
consumers are choosing to reduce their consumption of highly pro-
cessed packaged foods that are manufactured with a variety of food
additives and GRAS substances in the belief that foods containing such
substances are less healthy than foods manufactured with fewer, or
none, of these substances.

With the exception of illness associated with extreme over-
consumption of a few food ingredients (e.g. bromine toxicity associated
with the extreme overconsumption of beverages containing brominated
vegetable oil — Bendig et al., 2012; caffeine toxicity — FDA, 2018d) there
are very few instances of approved food additives or GRAS substances
causing acute or chronic illness under their conditions of intended use.
Unfounded concerns over food additives and GRAS substances may
divert attention from food safety issues that are proven to be of
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significant public health concern, most prominently the microbial
contamination of a variety of commonly consumed foods.

This is the third in a series of reports (Hallagan and Hall, 1995a,
2009) that describes how the FEMA GRAS program addresses the sci-
entific, legal and regulatory requirements for GRAS conclusions for
flavor ingredients and assures their safety.

2. The GRAS provision

The 1958 Food Additives Amendment to the Federal Food, Drug,
and Cosmetic Act mandated the premarket approval of all food in-
gredients as “food additives” unless the ingredient is,

(G)enerally recognized, among experts qualified by scientific
training and experience to evaluate its safety, as having been ade-
quately shown through scientific procedures (or in the case of a
substance used in food prior to January 1, 1958, through either
scientific procedures or experience based on common use in food) to
be safe under the conditions of its intended use. 21 U.S.C. Section
321(s).

There are two aspects of the GRAS provision that exclude GRAS
substances from the statutory definition of “food additive.” GRAS
conclusions may be based on the safe and common use in food prior to
1958 to account for the known safety of the many uses of food in-
gredients already in place when the Food Additives Amendments were
enacted. The second aspect is the conclusion of GRAS status through
scientific procedures. It is now rare for the common use in food aspect
of the GRAS exemption to be applied. After initial efforts were com-
pleted to determine the scope of food ingredients in use in 1958
through a survey conducted by the National Academy of Sciences (NAS,
1977) attention was focused on the scientific procedures approach
within the GRAS provision.

FDA has long recognized the statutory right for private entities to
make their own conclusions that food ingredients are generally re-
cognized as safe. In the preamble to their final rule codifying regula-
tions for its voluntary GRAS notification program, the agency stated:

Although we have premarket review authority over food additives, a
food manufacturer can intentionally add a substance to human food
or animal food without our premarket review or approval if the
substance is generally recognized as safe under the conditions of its
intended use (GRAS) ... It is on the basis of the GRAS provision
within the food additive definition that many substances (such as
vinegar, vegetable oil, baking powder, and many spices, flavors,
gums and preservatives) are lawfully marketed today ... (FDA,
2016a).

There are four current pathways to obtain regulatory authority to
use flavor ingredients in the U.S.: (1) FDA food additive status; (2) FDA
voluntary GRAS notification; (3) private GRAS determination; and (4)
FEMA GRAS status (Hallagan and Hall, 2009). A “legacy” pathway is
codified FDA GRAS status in which several hundred flavor ingredients,
and a variety of other food ingredients, were listed in the Code of
Federal Regulations at 21 CFR Parts 182 and 184 largely in the 1960s
and 1970s (Hanlon et al., 2017). These FDA-listed flavor ingredients
also have FEMA GRAS status. By far the most common current pathway
is an evaluation by the FEMA Expert Panel to determine FEMA GRAS
status.

Under FDA policy GRAS status applies only to the designated uses of
substances and not to the substances themselves. This key concept of
the designated conditions of intended use places a significant limitation
on the application of the GRAS provision. FDA has described its policy
several times and stated that food ingredients determined to be GRAS
for one use should not be used for other uses not determined to be
GRAS. As FDA stated in promulgating its initial GRAS affirmation
regulations in 1974:
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It has too often been assumed that the GRAS substance may be used
in any food, at any level for any purpose. As a result, the uses of
some food ingredients have proliferated to the point where GRAS
status was brought into serious question ... Any use of the (GRAS)
ingredient under conditions other than those explicitly set out in (a
GRAS) regulation (e.g. a use in a different category of food, or for a
different functional purpose, or at a higher level) will automatically
require a food additive regulation prior to such use. Thus, these
limitations have the same effect as a limitation in a food additive
regulation. (FDA, 1974).

FDA reiterated its policy in the preamble to its 1997 proposal to
implement its voluntary GRAS notification program, and confirmed it
in its 2016 final rule (FDA, 2016a). The 1997 preamble described the
information that is required for a private GRAS determination to be
recognized by FDA:

(FDA) requires that the GRAS exemption claim include the applic-
able conditions of use that are supported by data and information ...
including the foods in which the notified substance is to be used,
levels of use in such foods, and the purpose for which the notified
substance is used (FDA, 1997).

Therefore, it is clear under FDA policy, that a substance whose use
as a flavor ingredient is GRAS is not GRAS for other uses in food, such as
sweetening, if under different conditions of use it provides such an ef-
fect (e.g a higher concentration in food).

3. The FDA voluntary GRAS notification program

Because of real and perceived inefficiencies in FDA's GRAS affir-
mation program, most prominently the long period of time it took for
the agency to promulgate a final regulation, the agency proposed and
instituted a new voluntary GRAS notification program in 1997 (FDA,
1997; Hanlon et al., 2017). FDA began operating this program in 1997
in the absence of final implementing regulations which later became
the subject of currently ongoing litigation over the validity of the
agency's actions (Center for Food Safety v. Azar (Case 1:17-cv-03833-VSB
S.D.N.Y. 2019).

In 2010, the federal Government Accountability Office (GAO)
published its report, “FDA Should Strengthen Its Oversight of Food
Ingredients Determined to Be Generally Recognized as Safe” marking
the beginning of several years of extensive review and evaluation of the
GRAS provision (GAO, 2010). While there were few, if any, suggestions
that the application of the GRAS provision had resulted in adverse
public health outcomes, a number of critics asserted that the applica-
tion of the GRAS provision was not an appropriate regulatory scheme
because it was not adequately transparent and had potential for the
presence of conflicts of interest among experts making GRAS assess-
ments.

The GAO report included several recommendations to improve the
FDA's voluntary GRAS notification program.

e Develop a strategy to require any company that conducts a GRAS
determination to provide FDA with basic information — as defined
by the agency to allow for adequate oversight — about this de-
termination, such as the substance's identity and intended uses, and
to incorporate such information into relevant agency databases and
its public website;

e Develop a strategy to minimize the potential for conflicts of interest
in companies' GRAS determinations, including taking steps such as
issuing guidance for companies on conflict of interest and requiring
information in GRAS notices regarding expert panelists' in-
dependence;

e Develop a strategy to monitor the appropriateness of companies'
GRAS determinations through random audits or some other means,
including issuing guidance on how to document GRAS
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determinations;

® Develop a strategy to finalize the rule that governs the voluntary
notification program, including taking into account the experience
of the program to date, incorporating input from a new public
comment period, and reporting to Congress and the public the
agency's timeline for making it final;

® Develop a strategy to conduct reconsiderations of the safety of GRAS
substances in a more systematic manner, including taking steps such
as allocating sufficient resources to respond to citizen petitions in a
timely manner, developing criteria for circumstances under which
the agency will consider the safety of a GRAS substance, and con-
sidering how to collect information from companies on their re-
considerations; and

® Develop a strategy to help ensure the safety of engineered nano-
materials that companies market as GRAS substances without the
agency's knowledge ... (GAO, 2010).

In 2012, the non-governmental organization the Center for Food
Safety sued FDA asserting that the agency had violated the
Administrative Procedures Act by conducting the voluntary GRAS no-
tification program without finalizing the 1997 proposal (See Center for
Food Safety v. Sebelius. Case No. 1:14-cv-267 (D.D.C. Feb. 20, 2014)). In
August 2016, to comply with the settlement negotiated in the Center for
Food Safety case, FDA published its final regulations implementing the
GRAS notification program (FDA, 2016a). The final regulations differed
little from the 1997 proposal but helpful guidance was provided by the
agency in the preamble to the final regulations and in a series of policy
documents (FDA, 2017a; FDA, 2017b) that addressed a number of the
issues raised in the GAO audit. The final regulations are currently being
challenged by several non-governmental organizations based on alle-
gations that FDA's program violates the Federal Food, Drug, and Cos-
metic Act and the Administrative Procedures Act (Center for Food Safety
v. Azar. Case 1:17-cv-03833-VSB. S.D.N.Y. 2019).

The FDA's voluntary GRAS notification program has resulted in the
identification of more than 800 food ingredients whose uses are con-
sidered GRAS by their sponsors without objection by FDA. An inventory
of these substances is available on FDA's website (www.fda.gov). Flavor
ingredients have rarely been submitted to the FDA notification program
because of the long-standing success of the FEMA GRAS program and
the corresponding economic value of FEMA GRAS status as recognized
by the food industry.

In the context of its voluntary GRAS notification program, FDA is-
sued additional guidance in 2017 on best practices for convening a
panel of experts to assess the GRAS status of food ingredients (FDA,
2017a; FDA, 2017b). FDA made a series of “non-binding” re-
commendations in its guidance on convening a GRAS panel that are
helpful in conducting GRAS assessments that are likely to be acceptable
to the agency. The recommendations address the following points:

1. Appropriate and balanced expertise in a GRAS panel.
2. Assessment and management of procedural issues associated with
the organization and deliberation of a GRAS panel.

3. Assessment and management of conflict of interest and appearance
issues of potential GRAS panel members.

. Information provided to a GRAS panel.

. Documenting the deliberations and conclusions of a GRAS panel.

. Considerations when a GRAS notice is or is not submitted to FDA.

. Honoraria provided to members of a GRAS panel.

N O U

With respect to the FDA's monitoring and enforcement of GRAS
determinations, the agency often focuses on the designated conditions
of intended use. FDA often notes in its “no objection” letters to parties
asserting GRAS status that the substance is GRAS only for the specified
use or technical effect in food while generally not commenting on the
two other aspects of the conditions of intended use - food categories and
use levels. The agency conducts some monitoring of the use of GRAS
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substances and has issued warning letters when the use and marketing
of products containing GRAS substances indicates that such use is in-
consistent with GRAS status (Hanlon et al., 2017).

4. Flavor added to foods

Flavors added to foods are most often mixtures of individual sub-
stances known generically as “flavor ingredients.” Flavor ingredients
can be “flavoring substances” or “flavorings” (substances that impart or
modify flavor) or “flavor adjuvants” (substances that facilitate the
function of the flavoring substances in the mixture). These flavor mix-
tures can be described as “compounded flavors” (Hallagan and Hall,
2009) and may consist of as many as 100 or more flavor ingredients.
Flavoring substances in the compounded flavor may include chemi-
cally-defined individual flavoring substances such as vanillin, and
natural flavoring complexes such as botanical extracts (e.g. vanilla ex-
tract) and essential oils (e.g. orange and other citrus oils).

FDA has designated substances used to formulate compounded fla-
vors as “flavoring agents and adjuvants,” defined by FDA as “substances
added to impart or help impart a taste or aroma to food.” (21 CFR
170.3(0) (12)). In relation to the terminology used in the FEMA GRAS
program, substances designated by FDA as “flavoring agents” are con-
sidered flavoring substances by FEMA - substances that impart or
modify flavor. Substances considered flavoring adjuvants by FDA (also
described as “non-flavor ingredients” for labeling purposes by FDA) and
FEMA do not impart or modify flavor but do “help impart a taste or
aroma to food” by facilitating the function of compounded flavors in
foods to which they are added.

Some food ingredients can serve multiple functions when added to
foods. However, if a GRAS conclusion is the basis for regulatory au-
thority to use that substance then it is only the designated technical
effect — the specific function and use - that is GRAS. Some FEMA GRAS
flavor ingredients (i.e. flavoring substances and flavor adjuvants) can
provide different technical effects in food depending on their use levels
such as flavorings with modifying properties (FMPs), flavoring sub-
stances that do not impart flavor themselves but modify, or “help im-
part” flavor when used in conjunction with flavoring substances that
impart flavor in a compounded flavor. Some FMPs may provide a flavor
modifying effect at low levels but a sweetening or other effect at higher
levels. Critically, it is only the flavor modification technical effect that
is provided with regulatory authority to use (as an FMP) through its
FEMA GRAS status. FMPs used in food under conditions of intended use
outside of those described for FEMA GRAS status are not “FEMA GRAS.”

Therefore, the designated technical effect of a substance - its de-
signated use - serves as a limitation on the regulatory authority to use
the substance in the U.S. Consistent with FDA policy, the designated
technical effect is one of the three elements of the conditions of in-
tended use for FEMA GRAS determinations with the other two being the
designated food categories in which the substance may be used, and the
designated use levels within those food categories. Together these three
elements of the conditions of intended use as required by Section 201(s)
of the Federal Food, Drug and Cosmetic Act (FFDCA) and long-standing
FDA policy comprise the key parameters for the use of flavor in-
gredients determined to be FEMA GRAS. It is important to note that
while the designated technical effect for a FEMA GRAS flavor in-
gredient and the designated food categories are limitations on FEMA
GRAS status, the use levels identified for FEMA GRAS flavor ingredients
are limitations only to the extent that an increase in the use levels in the
designated food categories results in a significant increase in exposure
when consumed in food (Smith and Ford, 1993).

5. Elements of FEMA GRAS assessments and conclusions - new
developments

In 1960, shortly after the passage of the Food Additives
Amendment, FEMA established what would become the longest-
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running and most extensive food industry sponsored GRAS assessment
program (Hallagan and Hall, 1995a, 2009). For more than fifty years
the FEMA GRAS program has been the primary route to market for
flavors in the U.S. More than 3,000 individual flavor ingredients have
FEMA GRAS status and therefore may be marketed in the U.S. for ad-
dition to human foods and beverages.

As described in our previous reports (Hallagan and Hall 1995a,
2009), there are four elements of the statutory requirements of FFDCA
Section 201(s) for GRAS conclusions made through scientific proce-
dures.

o There must be general recognition of safety by qualified experts.

e The experts must be qualified by scientific training and experience
to evaluate the substance's safety.

e The experts must base their conclusion of safety on scientific pro-
cedures.

e The conclusion of general recognition of safety must take account
the substance's conditions of intended use.

Regarding the GAO audit of the GRAS concept and FDA's voluntary
GRAS notification program, while the FEMA GRAS program was not a
focus of the audit, the GAO did include comments on the FEMA pro-
gram in its report based on extensive information provided by FEMA.
GAO stated,

Actions taken by the Flavor and Extract Manufacturers Association
better ensure the independence of scientific assessments of the as-
sociation's GRAS determinations and obtain information about these
determinations. This association conducts GRAS determinations
exclusively for its approximately 70 member companies that man-
ufacture these substances. Once a member company submits a flavor
or extract — known as a flavoring substance — to the association's
GRAS process, the company is not supposed to market it until the
association determines the substance is GRAS. ... The Flavor and
Extract Manufacturers Association voluntarily informs FDA of its
GRAS determinations including the name of the substance, its
properties, and the basis of the determination. ... In addition, the
association has published journal articles on the workings of its
expert panel. It also announces its GRAS determinations in a food
industry trade magazine and makes these publications available on
the association's website for a fee ... the association's GRAS process
achieves a level of public disclosure and agency notification similar
to FDA's voluntary GRAS notification program. (GAO, 2010).

The GAO audit report included a specific and significant criticism of
private GRAS conclusions when they are made without informing FDA.
Informing FDA of private GRAS conclusions made outside of the
agency's voluntary GRAS notification program would be helpful ac-
cording to the GAO albeit at some cost to the agency. The GAO stated,

We believe that developing strategies and collecting information (on
private GRAS determinations) would cost-effectively contribute to
improving the safety of the food supply. For example, FDA has ac-
knowledged the usefulness and cost-effectiveness of the GRAS de-
termination information provided voluntarily by the Flavor and
Extract Manufacturers Association. Receiving similar information
from other companies on GRAS determinations made outside of the
voluntary notification program would likely provide similar bene-
fits. (GAO, 2010)

The GAO further expressed concern that FDA is not generally aware
of any re-evaluations of GRAS conclusions made by private entities.
However, GAO recognized that the FEMA GRAS program actively en-
gaged in periodic re-evaluations of the available safety data and its
GRAS determinations. Regarding the FEMA GRAS program, GAO
stated,

FDA is aware of some reconsiderations conducted by companies
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because the Flavor and Extract Manufacturers Association periodi-
cally reconsiders the thousands of substances it has determined to be
GRAS and publishes the results of these reviews. ... The association's
expert panel periodically conducts comprehensive and systematic
reviews of all GRAS flavoring substances that its members manu-
facture and reviews any individual substances for which potentially
significant new data become available. ... In addition to these
comprehensive reviews, the panel periodically becomes aware of
significant new data on prior GRAS decisions during its review of the
available scientific data related to flavoring substances. In these
cases, the panel re-evaluates the safety of the flavoring substance
and may conclude that the substance is no longer GRAS. In some
instances the expert panel requests that additional studies be per-
formed by industry members. Over the last four decades, these re-
view processes have led to numerous studies to address a variety of
safety assessment issues that arose during the reviews. Most of these
studies have been published. The review processes also resulted in
11 substances being removed from the association's list of GRAS
flavoring substances. (GAO, 2010).

The GAO audit and report served as the impetus for other groups to
begin their own reviews of the application of the GRAS provision.
Several non-governmental organizations (NGOs) initiated programs
focused on both the FDA notification program and on what has been
commonly referred to as “private” GRAS conclusions — GRAS assess-
ments sponsored by industry. Two NGOs, the Pew Charitable Trusts,
through its Food Additives Project, and the Natural Resources Defense
Council (NRDC), published reports asserting that there are significant
flaws in U.S. food ingredient regulation such as “data gaps” in the in-
formation supporting “private” GRAS conclusions, lack of transparency
in such GRAS conclusions, and potential conflicts of interest among
experts asserting private GRAS conclusions (Maffini et al., 2011;
Neltner et al., 2011, 2013a, 2013b; Pew, 2013; Neltner and Maffini,
2014).

A review of the elements of FEMA GRAS assessments demonstrates
that the design and conduct of the FEMA GRAS program anticipated
many of the criticisms identified by the GAO and several NGOs, and has
addressed them with well-defined and articulated polices that have
been available to the public and regulators since the inception of the
program.

6. General recognition of safety
6.1. Information serving as the basis for GRAS conclusions

FDA policy is that the safety of GRAS uses of substances must meet
the same requirements for data supporting safety as a substance regu-
lated as a food additive. FDA stated, “A substance cannot be classified
as GRAS under its conditions of intended use if the available data and
information do not satisfy the safety standard for a food additive under
the FD&C Act.” (FDA, 2016a). Therefore, uses of GRAS food ingredients
must meet the safety standard of a “reasonable certainty of no harm” in
FDA's food additive regulations at 21 CFR 170.3(i).

The FEMA Expert Panel evaluates flavor ingredients for GRAS status
through “scientific procedures” as described in FFDCA Section 201(s).
FDA states,

Scientific procedures include the application of scientific data (in-
cluding as appropriate, data from human, animal, analytical, or
other scientific studies), information, and methods, whether pub-
lished or unpublished, as well as the application of scientific prin-
ciples, appropriate to establish the safety of a substance under the
conditions of its intended use. 21 CFR Section 170.3(h).

The FEMA Expert Panel applies its published criteria for the as-
sessment of flavoring substances that are candidates for FEMA GRAS
status (Smith et al., 2005; Cohen et al., 2018a). The Expert Panel
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reviews all available information relevant to its GRAS conclusion to
assure the safety of the candidate flavoring substance under its condi-
tions of intended use whether the data are published or unpublished. In
doing so, the FEMA Expert Panel complies with the FDA regulations
governing GRAS assessments. Specifically, the Expert Panel's review
complies with 21 CFR Section 170.30(b) which states that GRAS as-
sessments,

(S)hall be based upon the application of generally available and
accepted scientific data, information or methods, which ordinarily
are published, as well as the application of scientific principles, and
may be corroborated by the application of unpublished scientific
data, information, or methods.

FDA recognized the importance of information serving as the basis
for GRAS conclusions being publicly available to meet the requirement
for “general recognition.” FDA stated, “Regardless of whether the data
and information are published or unpublished ... a GRAS conclusion
must be based on data and information that are generally available and
accepted, and as such are publicly available.” (FDA, 2016a). The FEMA
GRAS program was designed to make use of all available information
relevant to performing a rigorous GRAS assessment. As acknowledged
by FDA in its regulations, GRAS assessments should be conducted with
the understanding that unpublished information may be valuable
especially when the use of the substance being evaluated is new or the
substance itself is novel, and information relevant to a GRAS assessment
may not yet be published. In 1974 in the preamble to its proposed GRAS
regulations, FDA stated,

(G)eneral recognition of safety through scientific procedures does
require that the scientific evidence ... has been published in the
literature or otherwise widely disseminated throughout the scien-
tific community knowledgeable about the safety of food ingredients
... Accordingly, there will be at least some gap between the gath-
ering of scientific knowledge necessary to provide the toxicological
underpinning for general recognition of safety and the dissemina-
tion to and assimilation by the scientific community of this material
that is necessary for general recognition of safety to exist. (FDA,
1974).

FEMA encourages sponsors of applications for FEMA GRAS status to
publish their supporting information. To address instances when, for a
variety of reasons, information used in a GRAS assessment are not
published by the sponsor the FEMA Expert Panel requires that all
sponsors agree that the results of their unpublished studies may be
made publicly available by FEMA, share them with FDA, and distribute
them to whoever requests them resulting in the widespread dis-
semination of information. One often overlooked difficulty related to
publishing scientific studies in general is that many peer-reviewed
scientific journals prefer to publish studies or review articles that report
adverse effects — data showing that the test substance does not cause
deleterious effects in the test animals or the test system are generally of
less interest. This is especially the case for genotoxicity assays, of which
hundreds are conducted by various industries on many types of sub-
stances each year. While the results of these assays may be reported to
regulatory agencies they are often never published in the peer-reviewed
literature.

In the preamble to its 1997 proposed rule on substances that are
considered generally recognized as safe, FDA provided guidance on
information that can be used to meet the two parts of a GRAS conclu-
sion - the “technical element” (the safety of a substance) and the
“common knowledge element” (the general recognition of safety). FDA
stated,

A determination that a particular use of a substance is GRAS re-
quires both technical evidence of safety and a basis to conclude that
this technical evidence of safety is generally known and accepted. ...
Thus, a GRAS substance is distinguished from a food additive on the
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basis of the common knowledge about the safety of the substance for
its intended use rather than on the basis of what the substance is or
the types of data and information that are necessary to establish its
safety. ... FDA uses the term “technical element” when discussing
technical evidence of safety and “common knowledge element”
when discussing general knowledge and acceptance of safety. (FDA,
1997).

The FEMA GRAS program has complied with the technical element
of GRAS assessments by employing state-of-the-art scientific procedures
that have been clearly described over the years in a series of publica-
tions in the peer-reviewed scientific literature (Gerarde, 1973; Oser and
Hall, 1977; Woods and Doull, 1991; Hallagan and Hall, 1995a, 2009;
Smith et al., 2005; Cohen et al., 2018a, 2019). One important aspect of
the Expert Panel's assessments of the safety of flavor ingredients has
long been its review of individual flavor ingredients within the context
of a larger group of structurally-related substances. In other words, data
from structurally-related substances can be used to determine the safety
and GRAS status of candidate GRAS substances using the established
approach of “chemical read across” (FDA, 2018e; Lester et al., 2018;
Myatt et al., 2018). FDA addressed this issue in its final rule on its
voluntary GRAS notification program:

One comment asks us to recognize that published literature does not
need to address a specific substance but could involve publications
on a class of substances or a related substance to support a con-
clusion that the use of a substance is GRAS through scientific pro-
cedures. We agree that published information for a specific sub-
stance is not always necessary to support a conclusion that the use of
a substance is GRAS through scientific procedures. For example,
there may be situations where the safety of the use of the substance
in food can be demonstrated by relevant published information on a
closely structurally related compound. (FDA, 2016a).

Because new data are constantly being generated, FDA has long
emphasized the importance of continued reviews of existing GRAS
substances. As an example, in its proposed rule regarding partially
hydrogenated oils, FDA stated,

Importantly, the GRAS status of a specific use of a particular sub-
stance is time-dependent. That is, as new scientific data and in-
formation develop about a substance ... evolves, expert opinion
regarding the safety of a substance for a particular use may change
so that there is no longer consensus that the specific use is safe.
(FDA, 2013).

The FEMA Expert Panel reviews FEMA GRAS substances on a cy-
clical basis to assure that its GRAS conclusions have accounted for
advances in science and safety assessment. The FEMA Expert Panel has
completed two comprehensive reviews of all FEMA GRAS substances
and has initiated its third.

With respect to the common knowledge element of GRAS conclu-
sions, FDA stated in its 1997 proposal,

The common knowledge element of the GRAS standard includes two
facets: (1) The data and information relied on to establish the
technical element must be generally available; and (2) there must be
a basis to conclude that there is consensus among qualified experts
about the safety of the substance for its intended use. ... The usual
mechanism to establish that scientific information is generally
available is to show that the information is published in a peer-re-
viewed scientific journal. However, mechanisms to establish the
basis for concluding that there is expert consensus about the safety
of a substance are more varied. In some cases, publication in a peer-
reviewed scientific journal of data (such as toxicity studies) on a test
substance has been used to establish expert consensus in addition to
general availability. In other cases, such publication of data and
information in the primary scientific literature has been supple-
mented by: (1) publication of data and information in the secondary
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scientific literature, such as scientific review articles, textbooks, and
compendia; (2) documentation of the opinion of an “expert panel”
that is specifically convened for this purpose ... (FDA, 1997).

In its 1997 proposal, FDA proposed to revise two sections of its
regulations relevant to the technical and common knowledge elements,
21 CFR Section 170.3(h), the definition of scientific procedures, and 21
CFR Section 170.30(b) on the common knowledge element. In 2010,
FDA reopened the comment period on its 1997 proposal. Regarding the
common knowledge element, FDA explained,

In the 1997 proposed rule, we proposed to revise Section 170.30 to
broaden the description of the common knowledge element to
clarify the types of technical evidence of safety that would form the
basis of a GRAS determination, and to clarify the role of publication
in satisfying the common knowledge element. Specifically, we pro-
posed revising Section 170.30(b) from “... ordinarily be based upon
published studies and other data and information” to “based upon
generally available and accepted scientific data, information,
methods or principles, which ordinarily are published and may be
corroborated by unpublished scientific data, information, or
methods.” (FDA, 2010).

Regarding the definition of “scientific procedures,” FDA explained
its proposal as follows:

We also proposed a companion change to the definition of scientific
procedures ... from “Scientific procedures include those human,
animal, analytical, and other scientific studies, whether published or
unpublished, appropriate to establish the safety of a substance.” To
“Scientific procedures include scientific data (such as human, an-
imal, analytical, or other scientific studies), information, methods
and principles, whether published or unpublished, appropriate to
establish the safety of a substance. (FDA, 2010).

None of the comments received by FDA in response to the 1997
proposal, as summarized by the agency in its 2010 notice, objected to
the use of published and unpublished scientific studies and other in-
formation as the basis for GRAS conclusions. (FDA, 2010). FDA pro-
vided additional guidance in the report, “Guidance for Industry, Con-
siderations Regarding Substances Added to Foods, Including Beverages and
Dietary Supplements” (FDA, 2014). FDA stated as a “nonbinding re-
commendation” that,

For a particular use of a substance to be GRAS, there must be both
evidence of safety and a basis to conclude that this evidence is
generally known and accepted by qualified experts. In other words,
the GRAS standard first requires that the scientific evidence about
the substance establishes that the intended use of the substance is
safe; ... In addition, under the second part of the GRAS standard, the
scientific evidence to establish the safety of the substance for its
intended use must be generally available, and there must be a basis
to conclude that consensus exists among qualified exerts about the
safety of the substance for its intended use (see 21 CFR 170.30(a)-
(©).

FDA's regulations and policy statements focus on the general
availability of information used in GRAS assessments and the actions
taken to assure that general knowledge of GRAS conclusions is available
to the scientific community knowledgeable about the safety of food
ingredients and to the public. The FEMA GRAS program complies with
the common knowledge element of GRAS conclusions in a number of
ways.

e The FEMA Expert Panel ordinarily uses published information cor-
roborated by unpublished information in its GRAS assessments. The
Expert Panel uses all available information, whether published or
unpublished.

e The Expert Panel makes its decisions on GRAS status available
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shortly after they are completed by publishing them on the public

portion of the FEMA website.
o The identity of all FEMA GRAS flavor ingredients is published, along
with the corresponding conditions of intended use, in the food in-
dustry journal, Food Technology, which is widely-read by the scien-
tific community knowledgeable about the safety of food ingredients.
This information is also shared directly with FDA.
The scientific bases for FEMA GRAS conclusions are summarized in
the “Key Findings” supplementary sections for FEMA GRAS reports
published in Food Technology (e.g. Cohen et al., 2018b). The Expert
Panel also regularly publishes review articles in the peer-reviewed
scientific literature assuring broad dissemination of information (e.g.
Cohen et al., 2019). This information is also shared directly with
FDA.
As described on the public portion of the FEMA website, anyone
may request information related to the technical element of a FEMA
GRAS conclusion and receive it for only the cost of duplication.
The FEMA Expert Panel is specifically convened solely for the pur-
pose of evaluating the GRAS status of flavor ingredients. The FEMA
GRAS publications in Food Technology therefore document the opi-
nion of an expert panel that is convened specifically for the purpose
of assessing the safety and GRAS status of flavor ingredients. The
FEMA Expert Panel is convened and operated consistent with the
FDA's guidance on GRAS panels (FDA, 2017b).
The FEMA Expert Panel is typically composed of six to eight mem-
bers of various scientific disciplines relevant to the safety evaluation
of flavor ingredients and their decisions on GRAS status must be
unanimous. This provides a high degree of confidence that decisions
made by the Panel are consistent with current scientific concepts
and that the decisions would be generally recognized as scientifi-
cally appropriate and as a consensus among qualified experts. The
composition of the FEMA Expert Panel reflects the “appropriate and
balanced expertise” recommended by FDA (FDA, 2017b).

6.2. The FEMA GRAS program is transparent

Concerns have been expressed that some GRAS conclusions de-
termined by private entities are not adequately transparent — meaning
that in some instances the identity of food ingredients subject to private
GRAS assessments and the scientific basis for them are not available for
public evaluation.

Since 1965 (Hall and Oser, 1965), the identities of all flavor in-
gredients determined to be FEMA GRAS are published regularly in the
widely-read journal Food Technology and all of these publications are
available to the public on the FEMA website (www.femaflavor.org).
The identity of the flavor ingredients most recently determined to be
FEMA GRAS are published on the public portion of the FEMA website
(www.femaflavor.org) prior to their publication in Food Technology
together with the key findings supporting GRAS status. In addition,
more than two hundred and fifty individual publications describing the
FEMA GRAS program and the safety of flavor ingredients (www.
femaflavor.org/GRAS).

In the preamble to the final rule on its voluntary GRAS notification
program, FDA responded to a request that FDA “require companies to
maintain active and accurate registrations for GRAS substances in a
public database (FDA, 2016a).” FDA declined this request. FEMA, on its
own initiative, developed such a database for FEMA GRAS flavor in-
gredients. Since 2016, a searchable compilation of all FEMA GRAS
flavor ingredients has been available to the public on the FEMA website
in the FEMA Flavor Ingredient Library (www.femaflavor.org).

The scientific bases for the Expert Panel's GRAS conclusions, in-
cluding detailed summaries of the supporting scientific information, are
published in widely-read, peer reviewed, scientific journals such as
Food and Chemical Toxicology. In addition, extensive summaries of the
information supporting the safety of more than 2,000 FEMA GRAS
substances are also published by the Joint FAO/WHO Expert
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Committee on Food Additives (JECFA), an independent international
scientific advisory body managed through the United Nations (See
www.who.int/foodsafety/chem/jecfa/en/index.html). These reviews
(e.g. JECFA, 2009) are based in part on the scientific information con-
tained within the original GRAS assessments of flavor ingredients and
the cyclical affirmations of GRAS status conducted and published by the
FEMA Expert Panel. The information used in JECFA's safety assessments
is published by JECFA in publicly available monographs on structu-
rally-related groups of flavor ingredients.

All GRAS conclusions made by the FEMA Expert Panel are provided
to FDA along with the scientific information supporting the conclusions
and FDA has long recognized these GRAS conclusions as appropriate
evidence of GRAS status. At one time FDA explicitly acknowledged
GRAS conclusions made by the FEMA Expert Panel in Federal Register
notices stating that FEMA GRAS substances were “approved for inclu-
sion in the FDA GRAS review process” and therefore were eligible for
the application of its bulk flavor labeling policy (FDA, 1976; Hallagan
and Hall, 1995a; Hallagan and Hall, 2009).

In June 2018, FDA announced a new publicly available, searchable
database, the “Substances Added to Food” inventory. The new database
replaced the agency's previous database, the “Everything Added to Food
in the U.S.” (EAFUS) inventory. The FDA stated, “The new searchable
inventory contains approximately 4,000 substances, and includes in-
formation on food additives, color additives, Generally Recognized as
Safe (GRAS) and prior-sanctioned substances.” (FDA, 2018b). FDA's
new inventory contains listings for the identities of FEMA GRAS flavor
ingredients through the “GRAS 25” publication (Smith et al., 2011)
with the agency intending to bring the inventory current with respect to
FEMA GRAS substances in the future.

6.3. The application of the Delaney Clause to flavoring substances regulated
by FDA as food additives

The Delaney Clause was enacted as part of the Food Additives
Amendment of 1958 to the Federal Food, Drug, and Cosmetic Act (Pub.
L.85-929 Sec.1. 6 Sept. 1958) and states “that no (food) additive shall
be deemed safe if it is found to induce cancer when ingested by man or
animal, or if it is found, after tests which are appropriate for the eva-
luation of the safety of food additives, to induce cancer in man or an-
imal.” (21 U.S.C. Sec. 348(c)(3) (A)). The Delaney Clause does not
modify the robust safety standard which already exists in the statute but
rather attempts to advance a policy objective to eliminate risks asso-
ciated with the ingestion of carcinogens through hazard identification
rather than risk assessment. In the 1950s, when the Delaney Clause was
debated and enacted, the prevailing scientific consensus was that ex-
posure to even one molecule of a carcinogenic food additive presented a
significant human health risk and therefore a complete prohibition of
exposure to such substances was necessary to protect public health. At
that time, it was assumed that carcinogens, including those present in
food, caused tumors in test animals solely through a linear dose-re-
sponse, direct-acting mechanism with no threshold.

Our understanding of the mechanisms of carcinogenesis have ad-
vanced significantly since 1958 and it is now clear that the Delaney
Clause represents antiquated science and that carcinogens do not all act
consistent with the model of carcinogenesis upon which the Delaney
Clause was based (Bevan and Harrison, 2017). In addition, it now also
appears that high-dose rodent feeding studies do not accurately predict
carcinogenic potential in humans and may lead to conclusions in hazard
identification schemes that substances cause cancer when in reality
they are highly unlikely to (Boobis et al., 2016; Goodman, 2018).

Despite significant advances in understanding carcinogenesis, the
Delaney Clause has not been revised since its enactment in 1958, and if
read strictly its application can lead to policy outcomes that are not in
accord with current scientific safety evaluation principles. A careful
reading of the Delaney Clause shows that Congress afforded FDA flex-
ibility in its application of the Delaney Clause. Even within the scope of
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its literal application, the Delaney Clause is not self-executing. For ex-
ample, the agency may take into account within its process of con-
sidering a finding of carcinogenicity whether there exist “appropriate
tests” for the “evaluation of safety” of the substance. (FFDCA Section
348(c)(3) (A)). The legislative history for the Food Additives
Amendment clearly shows that Congress contemplated that the FDA
would exercise scientific judgment in applying the Delaney Clause. In
Congressional hearings on the Delaney Clause as applied to color ad-
ditives, Health, Education and Welfare Secretary Arthur Flemming
stated:

The opposition to the inclusion of an anticancer clause arises largely
out of a misunderstanding of how this provision works. It allows the
Department and its scientific people full discretion and judgment in
deciding whether a substance has been shown to cause cancer ...
(Color Additives: Hearings Before the House Committee on
Interstate and Foreign Commerce. 86" Congr. 501. 1960).

The Delaney Clause does not dictate how FDA must come to a
conclusion on whether a food additive induces cancer. Congress en-
acted the Delaney Clause with the intent that FDA, the expert on food
additive safety, should utilize its expertise and judgement when eval-
uating the carcinogenic potential and safety of food additives, and de-
termine the appropriate types of information that are required for the
agency to fulfill its obligation to assure the safety of food additives. The
Delaney Clause exists within the broader statutory construct requiring
FDA to evaluate the available and relevant scientific data on a food
additive. The FD&C Act specifically requires that “no such (food ad-
ditive) regulation shall issue if a fair evaluation of the data before the
Secretary establishes the safe use of the (food) additive. (21 U.S.C. Sec.
348(c)(1) (A). Therefore, the statute requires FDA to take affirmative
action to evaluate all available data to make the agency's own safety
determination. Food law experts who have reviewed this issue have
observed that with respect to the conclusion that a food additive in-
duces cancer leading to a “Delaney finding” by the FDA, “Scientific
judgment has played, and apparently was intended to play, an im-
portant role in the policy's application.” (Merrill, 1978).

A small number of naturally occurring flavoring substances have
been asserted to be carcinogens based on some positive endpoints in
rodent lifetime toxicity/carcinogenicity feeding studies when large
amounts of these substances were administered. A coalition of NGOs,
citing the Delaney Clause, submitted a food additive petition to FDA to
delete the existing FDA food additive approvals at 21 CFR 172.515 for
seven synthetic flavoring food additives (CSPI et al., 2015). The seven
flavoring food additives are benzophenone, ethyl acrylate, methyl eu-
genol, B-myrcene, pulegone, pyridine, and styrene. None of the seven
flavoring substances has a significant reported volume of use in the U.S.
(Harman and Murray, 2018). All seven occur naturally in a variety of
foods. Of the seven, for example, B-myrcene is naturally occurring in
citrus fruits and other foods, and pulegone is present in natural mint oils
used in gum, candy and other foods. Spices and essential oils in which
these two substances are naturally occurring constituents are permitted
by FDA for use in foods (21 CFR 182.10; 182.20) and the NGO petition
does not address these uses. The seven flavoring food additives can also
be produced through processing widely considered to result in “syn-
thetic” substances.

In October 2018, the FDA responded to the NGO petition by
granting the petition for six of the substances (benzophenone, ethyl
acrylate, methyl eugenol, B-myrcene, pulegone, and pyridine) noting
that the seventh substance, styrene, was being delisted because it is no
longer used as a flavoring substance (FDA, 2016c; FDA, 2018c). In
doing so, FDA stated,

We are taking this action (on the six flavoring substances) because,
despite FDA's scientific analysis that these substances do not pose a
risk to public health under the conditions of their intended use, the
petitioners provided data demonstrating that these additives induce


http://www.who.int/foodsafety/chem/jecfa/en/index.html

J.B. Hallagan, et al.

cancer in laboratory animals, and, as a result of this finding in an-
imals, FDA cannot as a matter of law maintain the listing of these
synthetic flavoring food substances in the food additive regulations
(FDA, 2018c).

FDA explained that it had based its decision “as a matter of law” on
the “extraordinarily rigid” Delaney Clause of the Federal Food, Drug,
and Cosmetic Act. The FDA further explained,

We have evaluated the data and information submitted by the pe-
titioners, as well as other relevant carcinogenicity data and in-
formation, and have determined the remaining six synthetic fla-
voring substances (i.e. other than styrene) that are the subject of FAP
5A4810 are unlikely to pose a potential or significant carcinogenic
risk for humans at the levels that these synthetic flavoring sub-
stances are used in foods, and that the use of these food additives is
safe for human consumption. In other words, FDA has a reasonable
certainty that the substances do no harm under the intended con-
ditions of use (the standard for approving food additives). (FDA,
2018c).

In its decision on the NGO petition, FDA made a clear demarcation
in how it was compelled to apply the Delaney Clause in this specific
instance. The agency was not applying Delaney regarding the agency's
scientific discretion as allowed by Congress. In fact, FDA performed a
rigorous safety assessment and concluded that the six synthetic fla-
voring substances were safe for their intended use. FDA did apply
Delaney strictly regarding the agency's legal discretion hence the
agency applying Delaney in this instance only “as a matter of law.”

In its final rule on the NGO petition, FDA affirmed the safety of the
flavoring substances at issue stating that the agency “has a reasonable
certainty that the substances do no harm under the intended conditions
of use” (FDA, 2018c). FDA stated,

(N)one of the data in our evaluations of the six synthetic flavoring
substances supports a finding that they are human carcinogens when
consumed at the levels of intended use. (FDA, 2018c).

FDA stated in its final rule that its action to delist the flavoring
substances is limited to their synthetic versions.

In making this determination, we reiterate the point, first made in
our 1964 proposed rulemaking, that all of the synthetic flavoring
substances that are the subject of the petition have a natural coun-
terpart in food or in natural substances used to flavor foods. ... FDA's
revocation of the listings providing for the use of these synthetic
flavoring substances and adjuvants does not affect the legal status of
foods containing natural counterparts or non-synthetic flavoring
substances extracted from food, and there is nothing in the data FDA
has reviewed in responding to the pending food additive petition
that causes FDA concern about the safety of foods that contain
natural counterparts or extracts from such foods. (FDA, 2018c).

In the final rule, FDA limited the reach of the Delaney Clause and
distinguished between the antiquated hazard-only identification ap-
proach of Delaney and a scientifically current risk-based approach. FDA
explained the original purpose of the Delaney Clause at the time it was
enacted in 1958.

The Delaney Clause limits FDA's discretion to determine the safety
of food additives in that it prevents FDA from finding a food additive
to be safe if it has been found to induce cancer when ingested by
humans or animals, regardless of the probability, or risk, of cancer
associated with exposure to the additive or of the extent to which
the experimental conditions of the animal study or carcinogenic
mode of action provide insight into the health effects of human
consumption and use of the additive in question ... Congress in-
tended for the Delaney Clause to be “extraordinarily rigid.” (FDA,
2018c).
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It has long been recognized that the Delaney Clause “recognizes no
distinctions based on carcinogenic potency and, at least in theory, it
applies equally to additives used in large amounts to those present at
barely detectable levels. It thus takes no account of the actual risk a
carcinogenic additive might pose.” (Merrill, 1997). This point is espe-
cially relevant to flavoring substances that are most often present in
food through added flavors in ppm or even ppb levels. Consistent with
these concepts, FDA commented on the data it reviewed in making its
decision on the NGO petition distinguishing between simple hazard
identification and the far more relevant matter of human risk. FDA
stated,

FDA acknowledges that the NTP studies (the primary data cited by
petitioners) are designed for hazard identification and not for as-
sessing the human carcinogenicity risk of chemicals under specific
conditions of use. (FDA, 2018c).

FDA distinguished the rigid interpretation of the Delaney Clause
from its practical application to the most relevant issue — does the
scientific information available on a given food additive support the
conclusion that there is a reasonable certainty that no harm will result
from the human ingestion of the substance? With respect to the carci-
nogenic potential of the six flavoring substances, FDA stated, “(N)one of
the data in our evaluations of the six synthetic flavoring substances
supports a finding that they are human carcinogens when consumed at
the levels of intended use.” (FDA, 2018c).

While applying the Delaney Clause “as a matter of law,” FDA con-
cluded that the six substances are safe for human consumption. FDA
stated,

We have evaluated the data and information submitted by the pe-
titioners, as well as other relevant carcinogenicity data and in-
formation, and have determined the remaining six synthetic fla-
voring substances (i.e. other than styrene) that are the subject of FAP
5A4810 are unlikely to pose a potential or significant carcinogenic
risk for humans at the levels that these synthetic flavoring sub-
stances are used in foods, and that the use of these food additives is
safe for human consumption. In other words, FDA has a reasonable
certainty that the substances do no harm under the intended con-
ditions of use (the standard for approving food additives). (FDA,
2018c).

Of the seven synthetic flavoring food additives that were the subject
of the NGO petition, five are considered to be “generally recognized as
safe” (GRAS) by the FEMA Expert Panel (benzophenone, ethyl acrylate,
B-myrcene, pulegone, and pyridine). Prior to FDA's action on the peti-
tion, the FEMA Expert Panel concluded that two of the seven (methyl
eugenol and styrene) were no longer FEMA GRAS - methyl eugenol
because the available scientific information was not adequate to
maintain GRAS status and styrene because it was no longer used as a
flavoring substance (Cohen et al., 2015, 2018b). For the other five
synthetic flavoring food additives, the FEMA Expert Panel “reviewed
the FDA's final rule and determined that no change is necessary in the
FEMA GRAS status of benzophenone, ethyl acrylate, B-myrcene, pule-
gone, and pyridine” (Cohen et al., 2020). The Expert Panel's conclusion
is consistent with FDA's finding that these substances are safe.

GRAS substances are subject to the same statutory safety standard as
food additives (a reasonable certainty of no harm) but are specifically
exempted from the definition of food additives (FFDCA Section 201(s)).
FDA recognized this distinction in its final rule for its voluntary GRAS
notification program:

In creating the premarket approval requirement for food additives in
the 1958 amendment, Congress excluded a substance that is GRAS
under the conditions of intended use from the definition of food
additive. The creation of this GRAS provision reflected Congress'
determination that many substances intentionally added to food for
a specific use do not need premarket review by FDA to ensure their
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safety, either because their safety has been established by a long
history of safe use in food, or because their safety has been estab-
lished by information that is generally available to and accepted by
qualified experts regarding the conditions of intended use of a
substance in food. (FDA, 2016a)

The application of the Delaney Clause to GRAS substances has not
yet been directly settled in the courts but recent assertions by FDA and
the Department of Justice (DOJ) in ongoing litigation over the FDA's
GRAS notification program indicate that it does not. In a memorandum
supporting a motion for summary judgement in Center for Food Safety
et al. v. Azar et al. (Case 1:17-cv-03833-VSB S.D.N.Y., memorandum
filed 17 June 2019), FDA and DOJ assert that the uses of a substance
that are GRAS are excluded from regulation as food additives and
therefore the Delaney Clause does not apply to such uses. FDA and DOJ
stated,

Plaintiffs assume that the Delaney Clause governs the determination
of whether a substance is GRAS or a food additive. This assumption
cannot be squared with the plain text of the clause, which prohibits
FDA from approving “food additives” that can cause cancer. A
substance is, by definition, not a “food additive” if it is GRAS.

In January 2020, FDA confirmed the effective date for the final rule
on the seven synthetic flavoring food additives and responded to an
objection to the final rule (FDA, 2020b). FDA clarified several proce-
dural issues, and one important substantive issue — the exclusion of
GRAS substances from the consideration by FDA as food additives
under the FFDCA. FDA stated,

A substance is generally recognized as safe (GRAS) if there is general
recognition, among qualified experts, to be safe under the conditions
of its intended use. A substance that is GRAS under the conditions of
its intended use is excluded from the statutory definition of food
additive under section 201(s) of the FD&C Act (21 U.S.C. 321(s)).

The FDA's decision on the NGO petition has reinvigorated the long-
standing debate on the scientific relevance, public health benefits, and
reach of the application of the Delaney Clause. A recent series of pub-
lications calls for significant changes in how we evaluate substances for
carcinogenic potential and how such substances are regulated (Wolf
et al., 2019; Doe et al., 2019). It is time for a thorough debate on the
need for statutory reform that would reflect the significant advances in
understanding of the mechanisms of carcinogenesis and their relevance
to human health since the institution of the Delaney Clause more than
sixty years ago (Armstrong and Dunaif, 2019).

7. Experts must be qualified by scientific training and experience
to evaluate safety

7.1. The current FEMA expert panel

The current members of the FEMA Expert Panel are: Samuel M.
Cohen, M.D., Ph.D. (University of Nebraska, Expert Panel Chair);
Gerhard Eisenbrand, Ph.D. (University of Kaiserslautern, retired); Shoji
Fukushima, M.D., Ph.D. (Japan Bioassay Research Center, retired);
Nigel J. Gooderham, Ph.D. (Imperial College London); Fred Guenrich,
Ph.D. (Vanderbilt University); Stephen S. Hecht, Ph.D. (University of
Minnesota); Ivonne M.C.M. Rietjens, Ph.D. (Wageningen University,
Netherlands) and Thomas Rosol, D.V.M. (Ohio University). Current
Expert Panel members are well-recognized experts in toxicology, pa-
thology, metabolism, pharmacology, and pharmacokinetics with more
than 250 years of collective relevant experience. The Expert Panel's
composition reflects the “appropriate and balanced expertise” re-
commended by FDA (FDA, 2017b). The academic credentials of Expert
Panel members and each member's extensive publications in their fields
of expertise clearly establish that FEMA Expert Panel members are
experts “qualified by scientific training and experience to evaluate the
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safety of flavor ingredients.” Expert Panel members have direct and
extensive experience in the safety assessment of flavor ingredients.

7.2. Procedures to address potential conflicts of interest

In order to assure that there is confidence in GRAS conclusions, it
must be clear that the experts making the conclusions are free from
potential conflicts of interest and are not subject to bias in their deci-
sion-making (FDA, 2017b). A common criticism of GRAS conclusions
made by experts sponsored by industry is that such experts have in-
herent conflicts of interest by virtue of their associations with industry
and compensation by industry for their services (Neltner et al., 2013b).

A number of measures are in place to assure that FEMA Expert Panel
decisions on GRAS status are fully objective and based solely on the
merits of the available information and are not subject to bias (Marnett
et al., 2013).

e When evaluating GRAS applications, Expert Panel members do not
know the identity of the company responsible for the application.
The identity of applicant-companies is maintained as confidential
information by the FEMA staff even after the use of the substance is
evaluated and granted GRAS status.

FEMA Expert Panel members do not prepare GRAS applications.
Applications for FEMA GRAS assessments are prepared by the FEMA
member seeking the GRAS assessment for the substance at issue.

e Companies submitting GRAS applications are not allowed to contact
Expert Panel members in any way nor are they allowed to attend
meetings during which their applications are being considered.
The Expert Panel is self-appointed — members are not appointed by
FEMA. When a member retires from the Panel, the remaining Expert
Panel members consider the necessary qualifications of possible
successors and make the appointment of a replacement.

The identities of the members of the Expert Panel are known to the
public through their regular publications in Food Technology, Food
and Chemical Toxicology, and other publicly available journals, and
posting on the public portion of the FEMA website (www.
femaflavor.org).

FEMA Expert Panel members conduct their reviews of GRAS appli-
cations during in-person meetings, usually three times per year and
receive a honorarium from FEMA for their service whether or not
they conclude that any substances are GRAS.

FEMA Expert Panel members are not allowed to have consulting
relationships with FEMA member companies regarding anything to
do with flavors in the context of the FEMA GRAS Program.

FEMA Expert Panel members provide a declaration of their con-
sulting and business relationships prior to each Expert Panel
meeting for review and action, if necessary, by the Panel's Legal
Advisor. Action may include mandated recusal at meetings.

FEMA staff members support the Expert Panel at the direction of the
Panel in several ways including the preparation of data packages
and other support functions, and are not allowed to have in-
dependent consulting or business relationships with FEMA member
companies regarding anything to do with flavors in the context of
the FEMA GRAS program.

When the first FEMA Expert Panel began operations in 1960 it in-
cluded the name of FEMA in its title (“FEMA Expert Panel”) to be
fully transparent about its association with FEMA and the flavor
industry.

8. Safety based on scientific procedures

For more than fifty-five years, the FEMA Expert Panel has applied
thorough and state-of-the-art scientific procedures in its GRAS assess-
ments to comply with the “technical element” for GRAS conclusions as
required by FDA. As previously noted, FDA has explicitly acknowledged
GRAS conclusions made by the FEMA Expert Panel by the inclusion of
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FEMA GRAS flavor ingredients in the agency's new Substances Added to
Food inventory (FDA, 2018b). Furthermore, FDA has never objected to
the measures adopted by the Panel for compliance with the “technical
element” for GRAS determinations made through scientific procedures.

The procedures employed by FDA and the FEMA Expert Panel to
determine safety are remarkably similar as evident in the agency's de-
scription of its safety evaluations for the flavoring substances at issue in
the NGO petition where FDA came to the same conclusion as the FEMA
Expert Panel that the available data demonstrated that the flavoring
substances are safe under their intended conditions of use (FDA,
2018c). FDA, the FEMA Expert Panel, and other expert bodies all rely
on the same general set of widely accepted principles of safety assess-
ment (Munro et al., 1998; Magnuson et al., 2013) including con-
sideration of the “Margins of Exposure,” the interpretation and re-
levance of genotoxicity data, and estimates of dietary exposure (Smith
et al.,, 2005; Cohen et al., 2018a; FDA, 2018c; Smith et al., 2018;
Gooderham et al., 2020). When appropriate data are available, the
FEMA Expert Panel has begun applying mathematical modeling
methods of dose-response data for studies to allow for the estimation of
a benchmark dose (Cohen et al., 2020; Rietjens et al., 2020).

The Expert Panel has consistently reviewed and updated its proce-
dures to assure that it employs the best available approaches in its
GRAS assessments. The Expert Panel has published these procedures to
assure transparency and that any gaps in its GRAS conclusions may be
identified and called to the Panel's attention (Gerarde, 1973; Oser and
Hall, 1977; Woods and Doull, 1991; Smith et al., 2005; Cohen et al.,
2018a; Gooderham et al., 2020). The Expert Panel has long employed
the practice of evaluating the safety of flavor ingredients within
structurally-related groups thereby employing all available safety as-
sessment information that may be helpful in their GRAS assessments. As
FDA noted:

We agree that published information for a specific substance is not
always necessary to support a conclusion that the use of a substance
is GRAS through scientific procedures. For example, there may be
situations where the safety of the use of the substance in food can be
demonstrated by relevant published information on a closely
structurally related compound. (FDA, 2016a).

8.1. Policy on the review of changes in methods of production

While there is no distinction for safety assessment purposes between
the synthetically produced forms of food ingredients and their natu-
rally-derived counterparts, production methods should be considered in
such safety assessments (FDA, 2012). Flavor ingredients may be pro-
duced in a variety of ways and the FEMA Expert Panel's assessments
include a review of the method of production for the ingredients, in-
cluding changes that may be implemented after a flavor ingredient is
determined to be FEMA GRAS (Cohen et al., 2015).

It is long-standing FEMA policy that significant changes in the use or
production of FEMA GRAS flavoring substances requires that their
GRAS status be reevaluated by the Expert Panel. The Expert Panel states
its policy in GRAS determination letters provided to successful appli-
cants:

Significant changes in use levels within an approved category, or use
in new food categories, require a re-evaluation of this material by
the Expert Panel. Re-evaluation may also be required if there is a sig-
nificant change in the composition or production method of the product
in commerce. The Expert Panel reserves the right to re-evaluate the
GRAS status of this substance if new relevant data becomes available
or if there is a significant increase in the annual volume of use of this
substance. (Emphases added).

The Expert Panel's policy is consistent with guidance issued by the
Food and Drug Administration (FDA, 2012) that indicates that methods
of production for new food ingredients and new methods of production
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for food ingredients already in commerce should be reviewed to assure
that they do not result in potential safety concerns.

In the 1990s significant exploration of new methods of producing
flavor ingredients began. Some of these involved techniques of genetic
modification and subsequently a process for performing a safety as-
sessment for flavoring substances produced by these new methods was
published (Hallagan and Hall, 1995b). The FEMA Expert Panel first
explained its process for evaluating flavoring substances produced
through biotechnology production methods in the “GRAS 17” publica-
tion (Smith et al., 1996). As noted by Smith et al. (1996), the issues
evaluated by the Expert Panel in such a safety assessment are consistent
with FDA policy (e.g. FDA, 2019) focusing on the identity of the sub-
stance and its existing regulatory status, i.e. whether it is currently
permitted for addition to food which would indicate a previous safety
inquiry to comply with premarket approval requirements. However,
this safety assessment process was seldom applied by the FEMA Expert
Panel because the production of flavoring substances using bio-
technology has only recently become economically and practically vi-
able.

Newer biotechnology production methods are more efficient and are
being employed for a few targeted flavor ingredients that are eco-
nomically viable such as vanillin and nootkatone (Fritz, 2013; Shetty,
2013). Consistent with the Expert Panel's long-standing policy of ap-
plying the best available science, the Panel revisited the issues asso-
ciated with newer biotechnology techniques (e.g. “synthetic biology”
methods) and updated their policies on FEMA GRAS reviews of uses of
substances produced using such methods (Cohen et al., 2015). The
Expert Panel's policies are consistent with FDA's policies for the safety
review of such substances (FDA, 2019).

The recent development and use of “gene editing” techniques such
as CRISPR may lead to development and marketing of flavoring sub-
stances derived from plants modified using these techniques. These
gene editing techniques differ significantly from other methods of ge-
netic modification in that they do not involve the insertion of genetic
material from other species but rather involve the “editing” of the
target species’ inherent genome. For example, if certain citrus fruits
were modified to edit out a specific gene or genes related to ripening
that would be advantageous for the production of citrus essential oils
then these large volume flavor ingredients might be produced more
efficiently in greater quantities and higher quality.

The U.S. Department of Agriculture (USDA) recently issued corre-
spondence relevant to the use of gene editing technologies in the pro-
duction of some food crops (USDA, 2018a; USDA, 2018b; USDA, 2019)
distinguishing gene editing techniques from genetic modification
techniques involving the insertion of exogenous genetic material and
concluded that several plant varieties produced in this manner need not
be regulated by USDA. The USDA opinions may have implications for
flavoring substances produced from such plants in terms of safety as-
sessment and labeling as “natural” or “synthetic.”

8.2. Intake estimates for flavor ingredients

Intake estimates are a critical component of the safety assessment
and GRAS conclusions of flavor ingredients (Hallagan and Hall, 2009).
One criticism of GRAS conclusions is that it is difficult to reliably es-
timate the potential human intake for GRAS food ingredients, a per-
ceived problem exacerbated by the asserted lack of knowledge of the
identity of GRAS substances present in the U.S. food supply (Neltner
et al., 2011).

FEMA has addressed this issue for existing FEMA GRAS flavor in-
gredients and for new GRAS flavor ingredients. For existing FEMA
GRAS flavor ingredients, FEMA has for many years conducted periodic
surveys of the amounts of FEMA GRAS flavor ingredients that “dis-
appear” into the U.S. food supply on an annual basis. These data are
used to facilitate the calculation of a conservative estimate of human
intake (Hall and Ford, 1999; Hallagan and Hall, 2009). The most recent
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survey was published in 2018 reporting annual data from 2015
(Harman and Murray, 2018). These survey data can be used to calculate
a reliable and conservative method of human dietary exposure. FDA
acknowledged the value of the FEMA surveys in its final rule on the
NGO petition.

We also estimated dietary exposure for the six synthetic flavoring
substances using information from the 2015 Poundage and
Technical Effects Survey from the Flavor and Extract Manufacturers
Association (FEMA) collected from its member companies ... To
estimate dietary exposure to the synthetic flavoring substances, we
used a “per capita times ten” approach that conservatively assumes
10 percent of the population consumes 100 percent of the available
flavoring substance. (FDA, 2018c).

For new GRAS flavor ingredients, FEMA requires that applicants for
GRAS status include an estimate of annual volume of use for the can-
didate flavor ingredient. For flavor ingredients not yet in use, there is
no poundage survey information available upon which to initially es-
timate human intake. In the absence of such data, the Expert Panel
requires the company applying for GRAS status to provide anticipated
annual poundage that the company expects to sell into the U.S. food
supply during the first year. Survey information and experience de-
monstrate that for the vast majority of newly GRAS flavor ingredients,
the annual anticipated poundage reported on the GRAS application is a
significant over-estimation (Waddell et al., 2007).

8.3. The role of genotoxicity assays in the GRAS assessment of flavor
ingredients

The significance and role of genetic toxicity hazard identification is
a recurring topic in many discussions on the safety assessment of foods
and food ingredients (Kirkland et al., 2005; Kirkland et al., 2007; EFSA,
2011). Data from genotoxicity assays are generally considered relevant
in understanding the mode of action of food ingredients being eval-
uated for carcinogenic potential. Flavor ingredients generally do not
raise concern for genotoxic potential based on their structure, and the
vast majority of flavor ingredients that have been subjected to genetic
toxicity testing are negative in standard in vitro and in vivo assays that
assess mutagenic, clastogenic, and aneugenic potential.

The FEMA Expert Panel has consistently evaluated the results and
relevance of genotoxicity assays on flavor ingredients within its GRAS
assessments (Smith et al., 2005, 2009). The Expert Panel considers
genetic toxicity testing data within the larger context of all information,
including the biochemical fate of flavor ingredients, and animal toxicity
and carcinogenicity study data. The Expert Panel has recently com-
pleted a publication on the consideration is of genetic toxicity testing
data within its GRAS assessments. This publication reflects advances in
the standards for genotoxicity testing and changes in emphasis in the
relevance of certain test assays (Gooderham et al., 2020).

FDA evaluated the genotoxic potential of the synthetic flavoring
food additives that were the subjects of the NGO petition. FDA con-
cluded that five of the substances (benzophenone, ethyl acrylate, B-
myrcene, pulegone and pyridine) did not demonstrate genotoxic po-
tential in relevant studies. The conclusions that these substances are not
genotoxic support the agency's conclusion that they are not a carcino-
genic risk to humans when added to food as flavoring substances. FDA
noted that one exception among the subject flavoring substances was
the genotoxicity data on methyl eugenol, a substance that the FEMA
Expert Panel had determined was no longer FEMA GRAS in 2015
(Cohen et al., 2015). FDA stated,

(W)ith the exception of the data concerning methyl eugenol, the
data from animal studies demonstrated that the modes of action
(MOA) of carcinogenicity are not acting through mechanisms of
genotoxic alterations and are not relevant to humans. (FDA, 2018c).
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9. Under the conditions of intended use in food

The FEMA Expert Panel conducts GRAS assessments of flavor in-
gredients only under their conditions of intended use in human food.
FFDCA Section 201(f) defines “food” as, “(1) articles used for food or
drink for man or other animals, (2) chewing gum, and (3) articles used
as components of any such article.” Although the statutory definition of
“food” covers more than human food, the FEMA Expert Panel conducts
GRAS assessments only for articles used as components of human food,
drinks, and chewing gum.

The conditions of intended use of a food ingredient are a key ele-
ment of a GRAS determination. Because it is the use of the substance
that is GRAS, and not the substance itself, the conditions under which a
substance is determined to be GRAS are critical for compliance with the
statutory requirements described in FFDCA Section 201(s). The condi-
tions of intended use for the GRAS status of a food ingredient has three
components:

o The designated technical effect in the food;
e The use in specified food categories and;
o The use levels corresponding to the specified food categories.

In applying the three components of the conditions of intended use
to substances that are candidates for FEMA GRAS status, first, the
substance must be a flavor ingredient in its technical effect. There are
two general classes of flavor ingredients:

1. Flavoring substances — substances that impart or modify flavor;
2. Flavor adjuvants - including emulsifiers, preservatives or solvents
that allow the flavoring substances to function in the finished food.

Second, food categories in which the substance is to be used must be
identified. A FEMA GRAS flavor ingredient is GRAS only for use in the
food categories that are specified. Third, in terms of the specified use
levels, these are provided to give guidance on the range of use levels for
which the substance is GRAS. Significant deviation from the maximum
end of the range that results in either a technical effect other than that
specified, or a significant increase in exposure would mean that the
substance is not GRAS for the specified use. The FEMA Expert Panel has
had a long-standing policy that changes in the conditions of intended
use must be submitted to the Expert Panel for evaluation as a condition
of maintaining FEMA GRAS status.

A compounded flavor may consist of flavoring substances that im-
part or modify flavor (i.e. taste perception), and other non-flavoring
substances (i.e. flavor adjuvants) such as solvents, emulsifiers, carriers,
and preservatives. Flavoring substances and adjuvants are both candi-
dates for FEMA GRAS status provided that their conditions of intended
use are solely for formulating compounded flavors. The Expert Panel
stated,

Often, substances that act as emulsifiers, solvents, and preservatives
in the preparation of compounded flavors serve the same function in
the food supply. In these instances, the Panel evaluates the sub-
stance for its GRAS status based strictly on its intended use as a
component of a food flavor. In order to complete the GRAS eva-
luation, the applicant must demonstrate that the substance provides
the specified function in flavors under conditions and at levels of use
that do not serve other non-flavor functions in the finished food
(Waddell et al., 2007).

FEMA GRAS assessments are conducted by the Expert Panel only on
the individual flavor ingredients and not on the compounded flavor —
the flavor mixture that is added to food. While there are approximately
3,000 FEMA GRAS flavor ingredients, there are a myriad of com-
pounded flavors that are regularly added to foods. There is no indica-
tion that individual flavor ingredients when present in compounded
flavors have any different toxicological properties than when they are
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consumed individually. Furthermore, it would be impracticable to
evaluate each of the many thousands of compounded flavor formula-
tions.

In applying FDA policy on conditions of intended use, the FEMA
Expert Panel has been clear that its GRAS conclusions are solely for
substances under their conditions of intended use as flavor ingredients
(Waddell et al., 2007; Hallagan and Hall, 2009). Other uses of FEMA
GRAS flavor ingredients, such as use for a sweetening effect, must have
“regulatory authority to use” other than FEMA GRAS status to be legally
added to food in the U.S. Such other regulatory authority may include
food additive status as determined by FDA, submission to the FDA's
voluntary GRAS notification program and receipt of a “no objection”
letter from FDA, or an independent GRAS determination that meets the
statutory requirements of the GRAS provision at FFDCA Section 201(s),
and that complies with FDA's regulations and policies on GRAS con-
clusions.

9.1. Flavorings with modifying properties

An active area of flavor industry research and development is the
identification of flavoring substances that “modify” the existing flavor
of foods through the inclusion of these substances in the compounded
flavors added to foods. Such flavoring substances, known as flavorings
with modifying properties (FMPs), include substances of natural origin
such as Stevia derivatives that produce a flavor modification effect in
foods at levels well-below which they provide a sweetening effect.
Other FMPs are novel structures that are specific for certain taste re-
ceptors that can modify the human perception of sweetness, sour,
savory and salty, and that have no perceptible flavor themselves.

Properly addressing the conditions of intended use for FMPs is
particularly important. A number of FEMA GRAS FMPs such as thau-
matin, neohesperidine dihydrochalcone, and various Stevia derivatives
provide sweetening effects at use levels significantly above the use le-
vels specified as the conditions of intended use for FEMA GRAS status.
The sweetening effect provided by these substances at higher use levels
is not within the bounds of the FEMA Expert Panel's consideration of
FEMA GRAS status. Therefore, before these substances may be added to
food for their sweetening effects regulatory authority to use them as
sweeteners (e.g. food additive status or a GRAS determination for
sweetening use) must be established. Establishing appropriate reg-
ulatory authority to use FMPs has important implications for the proper
labeling of flavors and the foods to which they are added (Hallagan and
Drake, 2018).

To facilitate the proper identification of the technical effect in food
of FMPs and other flavoring substances, FEMA developed guidance for
flavor product developers on how to conduct sensory testing (Harman
and Hallagan, 2013). This guidance provides a standard series of sen-
sory tests that can be used to support an application for GRAS status to
be evaluated by the FEMA Expert Panel.

9.2. The use of flavors in “Vaping” products

“Electronic nicotine delivery systems” (ENDS) and other products
allowing consumers to “vape”, or inhale, a variety of materials are
widely used. These products, which include “electronic cigarettes” (“e-
cigarettes”), involve a delivery vehicle through which the user inhales
vapor from a mixture of constituents that may include nicotine, com-
pounded flavors, and other materials including cannabis derivatives. It
is important to note that the GRAS provision in FFDCA Section 201(s)
applies only to food as defined in Section 201(f) of the Act, and that the
FEMA Expert Panel evaluates flavor ingredients only for use in human
food. FEMA GRAS status for the use of flavor ingredients in food does
not provide assurance that the flavor ingredients are safe for use in
vaping products, nor does it provide regulatory authority to use the
flavor ingredient in such products (FEMA, 2020).

FDA published its final regulations to deem e-cigarettes as tobacco

12

Food and Chemical Toxicology 138 (2020) 111236

products subject to the regulatory authority of the 2009 Family
Smoking Prevention and Tobacco Control Act amendments to the
FFDCA thereby bringing them under regulation by FDA (FDA, 2016b).
FDA has identified flavors used in “e-liquids” as a likely target of reg-
ulation and has solicited information related to the use of flavors in
such products in an Advanced Notice of Proposed Rulemaking (FDA,
2018a). In January 2020, FDA announced guidance in the form of en-
forcement priorities that would begin the process of restricting the sale
of flavored vaping products while advancing the agency's requirements
for premarket authorization of such products (FDA, 2020a).

10. Changes in FEMA GRAS status for use as flavor ingredients

A number of substances once considered GRAS for use as flavor
ingredients have, upon additional review, been determined to no longer
meet the criteria for FEMA GRAS status for such use. These substances
have been re-evaluated for one or more reasons including review during
one of the periodic, cyclical affirmation reviews conducted by the
Expert Panel, or review of an individual flavor ingredient because new,
relevant safety information has become available. The most common
reason for removing flavor ingredients from the FEMA GRAS list has
been that the existing safety data no longer allow for a conclusion of
“general recognition” of safety. In some instances this means that ex-
isting data do not meet current scientific standards, and in other in-
stances it may mean that newly available information calls into ques-
tion the conclusion of general recognition of safety. In a few instances,
substances have been removed from the FEMA GRAS list because they
are no longer used as flavor ingredients. While some substances have
been re-evaluated based on a significant increase in use identified
through FEMA's periodic annual poundage surveys, the low use levels of
flavor ingredients in food means that even with increases in volumes of
use there is an adequate margin of exposure to assure safety and none
have been removed for concerns related to increases in exposure.

Over the years, the uses of the following substances used as flavor
ingredients have been determined to no longer meet the criteria for
FEMA GRAS status: acetamide, 3-acetyl-2,5-dimethylthiophene, ca-
lamus, calamus oil, ethyl nitrite, ethylene oxide, 2-hexyl-4-acetote-
trahydrofuran, methyl eugenol, 4-methylquinoline, 2-methyl-5-vi-
nylpyrazine, musk ambrette, 3-nonanon-1-yl acetate, quinoline,
styrene, and o-vinylanisole. Based on the review of new information,
the uses of two substances as flavor ingredients, 2-hexyl-4-acetote-
trahydrofuran and 2-methyl-5-vinylpyrazine, were once again de-
termined to be GRAS after they were removed from the FEMA GRAS list
a number of years ago (Smith et al., 2011).
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