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ABSTRACT

There has yet to be a consensus on the definition of functional foods (FF), and accordingly many institutions lack a
comprehensive process for its classification. The Functional Food Center (FFC) has previously proposed a multi-step
process for the development of functional food products and ways by which to bring them to market without means to
classify established items. This article is advancing the previously proposed methodology with the addition of new steps.
The newest steps focus on themes of transparency by the publishing of peer-reviewed articles for the functional food
product as mandatory for accreditation. In doing so, this will provide greater access to information for the functional
food market, as well as, acceptance and trustworthiness of functional claims. Additionally, the Functional Food Center
has created a new system for categorizing functional foods. The new categorization system uses improved research on

epidemiological and after market studies, and evaluates the quality of evidence for the functional food product (FFP) as

A, B, or C. A classification of A denotes the completion of aftermarket research, epidemiological studies, and certification
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of functional food status. Classification B denotes completion of epidemiological studies and certification of functional
food status. Lastly, C indicates that the product has only been certified as functional. The Functional Food Center’s
definition of functional foods, steps on how to create functional foods, and proposed categorization will help to describe

our proposed regulation of FFP.

KEYWORDS: Functional Food Classification, Functional Food Regulation, Functional Food Products, Categorization

Grades of Functional Food, How to Create Functional Food, Bioactive Compounds, Functional Food Definition

Revised Regulation with Integrated Classification Labels
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INTRODUCTION

Chronic disease in the United States (U.S.) is highly
prevalent and is projected to increase over the next
several decades [1]. In the United States, chronic diseases
are among the most costly health conditions [1]. The
ever-growing chronically ill population together with
skyrocketing medical costs are an urgent problem,
providing an opportunity to manage disease and disease
progression using non-medical means [2]. Academic
institutions, government agencies, and researchers
around the globe are dedicating a great amount of effort
to identifying how FFs and food ingredients might help
prevent disease progression, or optimize health, thereby
reducing healthcare costs and improving the quality of
life for many [3].

In order to supply consumers with safe and effective
FFPs, it is necessary for government agencies to formally
agree on a comprehensive definition. The FFC proposes a
definition for FFs as “Natural or processed foods that
contain biologically-active compounds, which, in defined,
effective, non-toxic amounts, provide a clinically proven
and documented health benefit utilizing specific
biomarkers, to promote optimal health and reduce the
risk of chronic/viral diseases and manage their
symptoms'" [3]. Furthermore, FFs must undergo an
evaluation, including the publishing of peer reviewed
journals, to ensure only safe and effective products will
be released to the market [4].

The Japanese Foods for Specific Health Uses
(FOSHU) started in 1991 and has the potential to serve as
a guide to the developing policies for FFs. FOSHU is the
most comprehensive FF system in Japan [5]. The FOSHU
system evaluates foods with a claim that identifies the
product is suited for specified health uses and is
evaluated and approved by the Consumer Affairs Agency
(CAA) [5]. The claim of “specific health uses” is in

reference to the promotion or maintenance of health;
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including blood pressure, or blood cholesterol [6]. Each
FFP is approved for FOSHU status after going through a
review of safety and efficacy. The FOSHU approval
system requires the identification of at least one active
ingredient to which the claims may be attributed [6].
FOSHU approved products receive a logo that clearly
states “Approved by Consumer Affairs Agency” and
“Food for Specified Health Uses” [2]. Many institutions
across the globe are incorporating fundamental
principles of FOSHU into their own regulatory
framework.

In the United States, the Food and Drug
Administration (FDA) evaluates and authorizes health
claim petitions for food [7]. Unfortunately, there is yet to
be a formal definition of FFs or even a distinct FF category
[8]. The FFC and the Academic Society of Functional
Foods and Bioactive Compounds (ASFFBC) are in
communication with the FDA and other governmental
agencies to define, classify and regulate FFs [2].
Furthermore, the FFC has communicated with
government officials in the United States congress for
advice relating specifically to the implementation of
foods within the field of health. As an example, the FFC
and the United States Department of Agriculture (USDA)
organized a joint international conference at the
University of San Diego in 2014 to explore FFs and their
bioactive compounds. Furthermore, one year later in
2015, the pair organized an international conference
with Kobe University in Japan involving both USDA and
FOSHU representatives. In accordance with an emphasis
on global precedence, the FFC organized four
international conferences in conjunction with the Beth
Israel Deaconess Medical Center (BIDMC) at Harvard
Medical School, Boston, MA from 2015 to 2018. At these
conferences, FFs and chronic diseases were explored
with special lecturers from the FDA, National Institutes of

Health (NIH), and USDA. Each gathering saw that the FFC
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recognized the current state of FF’s definition, creation,
regulation, and safety in order to expand the field and not
stagnate.

This paper proposes a definition, classification, and
regulation of FFs as well as a new approach of how to
create FFPs and bring them to market. Functional food
development is a long process but ideally one that can
serve as a guide for scientists and researchers all around
the world to develop their FFPs to better serve
practitioners and consumers alike. The classification and
regulation of FF will positively contribute to human
health and well-being in the United States and across the

globe.

Regulation of Functional Food Products: Latterly, FFs
have had a multitude of definitions. Older definitions
have been updated as the knowledge surrounding
bioactive compounds and function in managing health
outcomes has been expanded. Furthermore, variability in
the interpretation of some definitions may be related to
national differences. The FFC seeks to better establish a
system for classifying and regulating FFs for the public of
the United States. To do this, the FFC has defined FFs as
“natural or processed foods that contain biologically-
active compounds; which, in defined, effective, non-toxic
amounts, provide a clinically proven and documented
health benefit utilizing specific biomarkers, to promote
optimal health and reduce the risk of chronic/viral
diseases and manage their symptoms” [3]. This definition
will serve as a basis for classification. If a functional food
does not meet these parameters, then it cannot be
classified as functional food. To discern the viability of FFs
that promote health and well-being, bioactive
compounds are analyzed to better justify a food’s use.
Their capacity for promoting optimal health is what
confers their value. Promotion occurs through specific

compounds or nutrients within the food vehicle being
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utilized by the body in a specific way. Bioactive
compounds affect the body by managing cell metabolism
and functions, promoting health in certain conditions.
The efficacy of such processes is managed by observing
the prevalence of biomarkers within the body. By
manipulating biomarkers that have a sustained action on
biological processes within the body, bioactive
compounds can better demonstrate promotion of health
through precise interactions [9]. The discernment of
bioactive compound efficacy within given foods is the
primary foundation by which FFs can be analyzed.
Functionality is referenced almost exclusively by the
action of these bioactive compounds on biomarkers,
meaning that without them, food does not meet the
requirements for functionality. Should the food not be
certifiably functional due to its bioactive compound
content, the most one can hope to gain from it is the
associated nutrient value. Without bioactive compounds
as the foundation for FF analysis, the scientific field
would have little empirical basis to analyze health
outcomes due to a lack of causational review.The FFC has
suggested a 16-step course for the induction of foods into
the category of functional food. This is an update to the
current literature published, with the previous 15 step
plan being adjusted for greater refinement of the process
to promote sustainable and trustworthy products [3].
The key step differentiating the old system from the
updated one is the inclusion of publications for relevant
bioactive compounds or FFs containing those substances
being promoted in open access to peer-reviewed
journals, the public, and governmental agencies. By doing
this, transparency is promoted in hopes that the
compound can continue to be scrutinized against other
forms of literature to best determine if it is functional.
The FFC outlines the system to achieve a FFP as follows

(Table 1):
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Table 1. Steps to develop functional food products and bring them to the market

Step Description of Steps to create FF Products

Number

1 Establishes a goal of the functional food product,

2 Determines relevant bioactive compound(s),

3 Establishes the appropriate dosage of bioactive compound(s),

4 Determines the specific pathway and mechanism of action,

5 Establishes relevant biomarker(s),

6 Chooses an appropriate food vehicle for bioactive compound(s),

7 Provides preclinical studies one efficacy and safety,

8 Provides clinical trials for dosage, efficacy, and safety,

9 Creates a special label that informs the consumers of the most effective way to consume the product,
10 Publications are submitted to peer-reviewed journals, preferably in open access,

11 Educates the general public,

12 Sends information to credible governmental agencies , such as the FDA, for approval,

13 Official establishment of the accredited functional food product,

14 Release the functional food product to the market. (Receive the basic category (level C)),
15 Provides epidemiological studies. (Reapply for the approval for a new category (level B)),
16 Provides after market research. (Reapply for the approval for a new category (level A)).

Step 1: The first step in the updated 16 stage plan as
displayed in Table 1 is the establishment of goals for a
particular FFP. This, as seen in previous iterations of the
plan, remains relatively the same. Purposes may include
helping to reduce the risk of developing chronic diseases
or viral afflictions, managing the symptoms of specific
conditions, enhancing bodily performance, or simply
promoting optimal health. To decide on such, past
studies in different academic fields are called upon to

influence and determine the feasibility of such a product.

Suggestions may come from fields not associated with
nutrition, as studies in ethnobotany and anthropology
may suggest promising data that has not been explored
yet [3]. In this stage, specificity is paramount in
proceeding further, as a clear and concise methodology
needs to be explored in order to pursue research and
certification in the most efficient way. Without this
specificity and precise preliminary research, the FF in
question may not have suggestive data that indicates a

possible future use. Alternatively, the use may be


http://www.ffhdj.com/

Functional Food Science 2022; 2(2): 25-46

misconstrued and be applicable to a different affliction
entirely. Previous iterations of the process have
displayed this step as phytonutrient analysis [10]. When
simplified, the following steps prior to pre-clinical testing
are still relatively new when compared to former

iterations.

Step 2: The second step revolves around determining the
relevant bioactive compounds within the FFP. After a
preliminary assessment of the FFP, its bioactive
compounds must be inspected and researched.
Identifying physiologically active bioactive compounds is
an important element of classifying FFs. Bioactive
compounds are present in greater amounts in FFPs and
their effect on human health is being continuously
investigated when compared to normal food items [11].
Bioactive compounds—such as resveratrol,
epigallocatechin, curcumin, oleuropein, sulforaphane,
quercetin, ellagic acid, anthocyanins, beta-glucans, and
other biomolecules—have been studied as factors
associated with the beneficial pathophysiology for
cardiovascular diseases, diabetes, metabolic syndrome,
and cancer. [12-14]. The study on the protective and
health-promoting effects of bioactive compounds has
made these components particularly important for the
categorization of FFs [15]. The isolation of bioactive
compounds from plant or animal sources still remains
difficult since extracts often include a mixture of several
kinds of bioactive compounds or phytochemicals [16].
Many analytical, chromatographic, and molecular
approaches are used to fingerprint bioactive chemicals,
with  an emphasis on high-performance liquid
chromatography/high performance thin layer
chromatography, Fourier-transform infrared
spectroscopy, and immunoassay techniques [17]. Once
identified, aspects such as dosage and mechanisms of

action can be ascertained [3]. Relevant bioactive

compounds are important to identify as these could
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possibly be better suited as additives in processed FFPs,
or be found in different food vehicles. These are all
aspects that need to be considered when rationalizing

the use of bioactive compounds.

Step 3: As mentioned in Table 1, the third step involves
establishing an appropriate dosage for the identified
bioactive compound [3]. Dosage is important as it is
defined by the therapeutic range in which a compound
may exhibit positive effects in users. Biological activity
has been acknowledged with bioactive compounds that
have a positive effect, but negative effects are also a form
of bioactivity [18]. This includes adverse effects such as
toxicity, allergenicity, and mutagenicity, which are
usually dependent on the dose and bioavailability of a
given substance. An important question when defining
FFs with respect to the bioactive compounds is whether
or not they propose a risk from a safety perspective. In
fact, evidence exists regarding the risk of consuming an
excessive amount of healthy substances such as
antioxidants, omega 3, and soy isoflavones [19]. Should
dosages exceed the toxic threshold or not reach the
therapeutic range, then the bioactive compound will
have adverse or minimal to no effects respectively. Each
bioactive compound's functionality is different, meaning
the way by which they affect the body is different as well.
Parameters set in place for one may not be applicable for
the other, meaning dosage may be altered at the
discretion of the research team to promote observable
effects. The process by which the dosage is established is
at the discretion of the research team. Furthermore, due
to intrinsic differences, it is important to fully understand
the bioactive compound’s functionality completely
before moving onto the later stages, determining the

specific pathway and mechanism of action.

Step 4: In the fourth step, the plausible mechanism of

action is explored, as well as its intended pathway [3].
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Bioactive compounds perform their activities through
interaction with specific biologic mechanisms and the
synergistic effect of other nutrients and food matrix
components could be involved in the described effect
[20]. Mechanisms of action of bioactive compounds may
be multiple, especially in the food matrix [20]. This issue
becomes complex because food ingredients and
bioactive compounds may interact, enhancing their
desirable or undesirable effects, which is not the case for
a single bioactive compound administered as an extract
[20]. Accounting for this complexity, the mechanism(s) of
action of the bioactive compounds needs to be
adequately characterized, as a prerequisite for a given
claim for its authorization. In this line, in order to accept
a specific health claim, the science supporting it should
contain all information on a plausible mechanism(s) of
action of the given bioactive compounds. Without such
documentation, the application of a bioactive compound
in risk reduction, managing symptoms, or promoting
optimal health cannot be empirically justified. Discerning
the mechanisms behind how a bioactive compound acts
allow for methodologies to be understood, possibly
affecting how future clinical/epidemiological trials are
conducted. An important aspect at this stage is
characterized by how the compound in question
interacts with other constituents of food in the food
matrix. Should any negative interactions between the
compound and others be observed, the FF's
development may be terminated, as it could be

potentially dangerous without proper, strict, regulation.

Step 5: Once these factors have been established, then
the relevant biomarker can be confirmed in the fifth step.
Biomarkers are indicators within the body that should, in
theory, be adjusted through the application of the
bioactive compound. Essentially, they act as confirmation
that the bioactive compound is working as intended [3].

Nutritional studies must use a variety of biomarkers that
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measure overall health conditions [21]. Often, the
biomarkers are linked specifically to the affliction,
allowing progress to be observed as compounds are
administered. To assess subcellular, cellular, tissue, and
whole-body interactions with bioactive compounds, an
integrated approach incorporating ideas and data from
nutritional sciences, food science, molecular biology,
biochemistry, and plant science is required [22]. Once the
mechanisms and pathways are established, biomarkers
may become more evident through their relationship
with the pathogenesis of conditions. Biomarkers, are
indicative of certain conditions and specific to affiliated
diseases. As observed in managing hypertension, four
unique biomarkers were observed and manipulated to
induce change [9]. Without the observance of such
markers, the viability of bioactive compounds cannot be
justified as their implications cannot be quantified. In
establishing relevant biomarkers, scientists can confirm
the causal effect by which the FF activates. Without such
confirmation, the ensuing clinical and epidemiological
studies have no means to confirm whether the FFP

supports its intended use or not.

Step 6: In the sixth step, a suitable food vehicle needs to
be decided upon. There are different means by which
ingestion may occur. Several food items may contain
desirably potent amounts of bioactive compounds in
qguestion; however, availability and other intrinsic factors
need to be accounted for and rationalized against [3].
There is also the possibility that the bioactive compound
in question is best suited for use as an additive to a food
item that does not typically contain desired amounts of
the bioactive compound. The prospect of adding the
bioactive compound to a food item, and therefore
creating a processed FF, could serve to benefit the user
more, depending on the application. This would require
the newly postulated item to resubmit itself to the

system, starting over. Naturally, the processed FF item


http://www.ffhdj.com/

Functional Food Science 2022; 2(2): 25-46

cannot be certifiably functional until it completes the 16
step process, however, the indication of benefits can
provide just cause for it to be subject to the initial six
steps again. Furthermore, there are many cultural/social
implications to consider when discerning which food
vehicle is best suited. Due to ethnic or religious reasons,
some food vehicles may be ill-equipped for consumption
in specific populations. Other intrinsic properties may be
cited, such as allergenic effects. Prior research into the
topic has yielded seven basic criteria that need to be
considered: a) The food must be consumed by a large
enough portion of the population to confer benefit; b)
the food must contain the appropriate amount of
bioactive compound to detect the benefit, taking into
consideration intake from other common dietary
sources; c) the food must target a specific condition; d)
the active compound(s) must remain stable through
packaging, distribution, storage, and consumption
processes; e) the nutrients should be easily available
from the food vehicle; f) fortification of the compound
into the food should not make it undesirable to consume;
g) and the cost should be reasonable for consumers [23].
All of these factors must be simultaneously considered so
that the consumer ingests the most desirable product in
optimal amounts. This step's placement is drastically
different from early iterations, signifying the continuous
evolution of this process. In earlier procedures, the
development of food vehicles was reserved for

implementation after clinical trials [10].

Pre-clinical and clinical testing

Step 7: The seventh step allows preclinical studies to
determine efficacy and safety to a greater extent once
baseline technicalities have been met and approved.
These and the following clinical trials represent the
halfway point in the prospective FF approval process as
seen in Table 1. Without passing this checkpoint, the FF

cannot progress on the course for approval without
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refining or adjusting previous steps [3]. To determine
efficacy and safety, in vitro and vivo studies utilize
animals to cross-reference dosages and safety to
ascertain effective dosages without adverse side effects.
This is done prior to human trials in order to take every
precaution possible. The application of food items in this
way should have no effect on the individual; however,
with doses exceeding normal, preventing adverse issues
will only serve to benefit future consumers. This step
remains relatively consistent with previous iterations, as
it is an important prerequisite to determine functional

use and safety later in clinical trials [10].

Step 8: The eighth step provides human clinical trials, as
efficacy and safety have now been preliminarily assured.
The dosage for the administration of the bioactive
compound is refined further, narrowing the specificity of
what can be administered safely in humans for the
greatest therapeutic benefit. In this stage, adverse
effects are noted and analyzed to determine the viability
of pursuing future use of the compound [3]. Should
adverse effects be too common or debilitating, then the
pursuit of the application of the compound may be
halted. This is reminiscent of previous definitions for this
step. As with earlier renditions, human-appropriate
dosages are tested for adverse side-effects and require
pre-clinical trials as prerequisites [10]. Additionally,
clinical trials may demonstrate that the compound is not
as effective as stipulated previously. If no clear benefit is
observed by analyzing the relevant biomarkers, then the
progress of development may be halted until more
compelling evidence is observed. Clinical trials as
overseen in the outlined process would need to be
standardized with set regulations. The location in which
they take place is of no concern, as long as standards set
in place by the FFC at a later date are met. This is meant
so that each bioactive compound and food vehicle can be

judged based on similar criteria, excluding bias to the
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fullest extent. An absence of regulations may allow for
faulty products to reach the market at an endorsed level,

creating liability both on part of the FFC and FDA.

Labeling of functional food product

Step 9: In the ninth step, a label corresponding to the
observed therapeutic dosages may be created only once
human clinical trials prove effective. This label will define
intake levels and instructions for ingestion, correlating
most commonly with ingestion methods used in clinical
studies. This label is mostly for the consumers’ benefit, as
it will outline the necessities for ingestion. Labeling
includes date of approval, observable health benefits,
daily recommended usage, identification of the bioactive
substance, consumption method, precautions regarding
consumption, and amount of bioactive substance [3].
Each of these is to ensure that the consumer understands
the processes and implications of ingesting the bioactive
compound and food vehicle. As an example, the FOSHU
system in Japan already has an established label for FFPs.
On the already established FOSHU labels, the product
specification is guaranteed at the time of consumption,
meaning that the label contains an accurate measure for
how much of a specific bioactive compound is contained
within the food vehicle. Furthermore, the label can be
specific about the food product’s function. There are five
categories by which a FF can be labeled under FOSHU,
including:  regular, standardized, risk-reduction,
reauthorized, and qualified [2]. Regular FOSHU goes
through a full evaluation process as they have an
applicable ingredient. Standardized FOSHU only contains
ingredients that adhere to governmental standards
concerning the dosage. Risk-reduction FOSHU refers to
compounds that have been proven to reduce the risk of
disease. Reauthorized FOSHU are products that have
already been confirmed and evaluated but want to
change a characteristic such as a flavor. Qualified FOSHU

are products that contain an ingredient with an unknown
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mechanism observed to exhibit health benefits. Each of
these classifies the product as having gone through
portions of the certification process under FOSHU or
specifically pertaining to certifiable attributes possessed
by the FF. The FFC label will include similar information;
however, it will utilize identifiers from the newly
proposed ‘ABC’ classification system, outlined later in
steps 14-16. Creation of an appropriate label for FFPs is a
newer concept instituted in the process. Previous
outlines have not placed emphasis on a step solely meant
for developing a label to be used by the public and
manufacturers prior to education and marketing [10].
Though not specifically outlined, the concept has been
cited as a major constituent for the process. As cited
previously, a special food label is required for the
differentiation of FFPs amongst other items that can be
accepted by the American public [24]. Although this
pertains more heavily to the acceptance of FF, it is still
applicable in how a product would need to be approved.

The actual placement and design of the label are
also important, prompting an easy-to-read design as
displayed later in the article. Labels on the front of food
products that are specific to that food, instead of diet, are
observed to be the most effective at communicating
benefits. Adapted from label diet-directive presentations
on both healthy and unhealthy food, FFC labels
discerning the score of FF products on foods that
promote health evoke more positive behavioral
responses [25]. Diet-directives may be advertised on
both healthy and unhealthy food items. The FFC label, as
indicated in Figure’s 1, 2, and 3, differ from these as they
advertise specific benefits, not falling to heuristics of
critical thinking requirements, memory recall, and
decision making [25]. Thus, consumers are informed
better, prompting them to actively consider the
implications of FF effects. Inspiration taken from the
simplicity of the FOSHU label would allow for the FFC’s

FFPs to be easily identified and analyzed by consumers.
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Open access for the public

Step 10: This tenth step of the system is newly postulated
and is meant to give greater access to information for
expansion, disputation, or acceptance. Open access to
information by publishing in peer-reviewed journals will
make information more accessible to the consumer and
seem legitimate to governmental agencies. While this
step cannot be mandatory for furtherance in the process,
it is highly recommended. Open access is most desired as
it promotes transparency and allows anyone interested
to view findings and offer an opinion. There may be some
outstanding variables that do not allow for open access,
so publication in closed access journals will suffice.
Regardless, some form of peer-reviewed publication
needs to be met to continue the FFPs certification.
Outlets by which information is published should revolve
around some aspect of nutrition, food science, or
functional food science. In peer-reviewing articles or
studies committed, the literature surrounding specific
bioactive compounds can be expanded, helping to
legitimize not only the use of specific bioactive
compounds analyzed but prompting the studying of
others. In allowing research to be made accessible to the
public, the next stage of educating the market can have a
reasonable platform to start from. It has been observed
that for acceptance to become resolute, supportive data
is often needed to legitimize information. This is
consistent with FF items within the proposed
classification system. Especially with food, items within a
system need to facilitate consumer trust to be successful.
It has been established that product assurance, such as
certification, labels, and health claims, facilitates growth
of consumer trust [26]. Each of these aspects is an
integral part of the process proposed as an update to the
current literature. Thus, consumer trust may be
broadened through open access literature and direct
means of data access on part of the public. Should open

access not be an option for some articles, then trust in
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agencies and others in the academic community will
need to suffice. These participants may be those
previously alluded to in the FFC's academic society
framework. By allowing not only other agencies to have
access to the information, but peer-reviewed journals as

well, the public can more readily trust the process.

Step 11: In the eleventh step, specifics of the FF and its
bioactive compounds will be communicated to the
public. Indicators and biomarkers will be explained
regarding the ways in which they interact with the FF and
associated bioactive compound [3]. Information will also
be specific for the consumer, conveying pertinent aspects
of the FF in a relatable way. Any relevant information that
the consumer would need to understand in order to
ingest the product safely, should be communicated.
Furthermore, this step will allow people to understand
what can be expected from this FF. By being introduced
to the product and becoming educated about its
properties, the public can make better informed
decisions to complement and improve their consumption
habits. Ultimately, it is hoped that these guidelines can
help create an intelligent and informed market that fully
understands the implications of consuming bioactive

compounds.

Step 12: Under the twelfth step, the data gathered up
until this point is sent to third parties and governmental
agencies for refinement and approval [3]. Submissions
should primarily be directed by the FFC to the FDA, as
these organizations are the handlers of FFs and health
claims respectively. As outlined in Figure 4, the FDA must
be submitted regardless of prior health claims. While
recommended, they are not necessary. This is due to FFP
producers now wishing for their product to be certifiably
functional. The FDA will analyze any claims with evidence
so that the FFPs in question may be approved. To clarify,

the FFC will act as a mediator between the applicant and
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FDA, providing apt recommendations based on prior
analyses in the updated 16-step process. This step is
crucial in building trust with the public as it essentially
validates the food product and its benefits by other
official agencies. Public mistrust in already established
food verification systems requires more transparent and
scientifically backed procedures to be instituted.
Transparent scientific communication with an official
body can engender consumer confidence for the product
in question [27]. This cooperation will lead to the
acceptance of the new product by both official agencies
and the public. Some of the earliest iterations of this
process did not include the involvement of governmental
agencies whatsoever [3]. They acted more like an after-
thought, aligning more with the required processes for
validating the field instead of a singular product [10]. This
may have resulted in some hesitation by the public up

until this proposal.

Step 13: The thirteenth step sees the official
establishment of the accredited FFP by the FFC and FDA.
With this step, the FFP will be officially supported by the
FDA and other third party agencies that have approved it
thus far [3]. There is applicable scientific evidence to
certify the food as functional; however, there remain
unknown factors that still require study. As indicated by
Figure 4, the mediation of the FF’s accreditation through
the 16-step process is now approved by the FDA and

recognized by an official governmental agency as such.

Step 14: The fourteenth step allows FF to be released to
market after recommendation by third parties and
approval by governmental agencies [3]. Depending on
the stature of the FFP in the market upon release, some
items may see an easier time as the release would almost
act as an announcement. With items already heavily
trafficked in the market, a release would act as

categorization and documentation of values observed
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within the attributed product up until that point. By
comparison, a food item that has not seen a market
release yet, more likely processed FFs, would require a
proper release. Thus, a proper and swift release is
important so that products will not be overshadowed by
already established items. At this point, the lowest grade
associated with the product will be a ‘C’, as it has yet to
be studied in uncontrolled environments on a large scale.
Less than two decades ago, the FF market globally was
estimated to be valued anywhere between 33 billion and
47.6 billion USD. Furthermore, coinciding with an
estimated percentage share of the U.S. food market
increase at the time, it is plausible that FFs have exceeded
their 2-3% market capacity. By the year 2008, the market
share was estimated to double, supporting the assertion
of an ever-expanding market [28]. Catering to the
consumer and their desires is the best way to release a
product to market. Due to much competition as alluded
to previously, releasing FFPs to market needs to be a well-
thought-out endeavor. When considering the taste and
perception of FFs, some individuals are overly critical, not
wishing to sacrifice flavors for a possible health benefit
[29]. This way of thinking is to be expected if the producer
of a product wishes to succeed. To overcome this,
producers must be mindful of how their products are
perceived versus others without health benefits, which
can capitalize on taste. Interestingly, depending on the
health claim and the magnitude of its capabilities, some
people are willing to compromise taste for the possible
benefit [30]. Regardless, a release to market is contingent
on the way by which the food product is monitored

afterward and adapted to the current climate.

Step 15: In the fifteenth step of the process,
epidemiological studies will be conducted to better
assess how a population resembling a market that is not
proctored is affected by the implementation of the FFP.

The dosage, efficacy, and safety will be analyzed further
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in this environment, a “real world” setting. Instead of
having a specific population administered to, the FF will
be evaluated in people of unconfirmed status involving
specific afflictions [3]. By observing how the food product
interacts in a population without strict limitations, a
better analysis of its efficacy can be made as well as
establish a line of trust with the public. Furthermore, any
negative outcomes that could not previously be observed
due to study design limitations may become apparent in
this step. When considering the variety of
epidemiological study designs, there are clear benefits as
to which process is most applicable to the certification of
FFPs. It was determined that a randomized controlled
trial design is the most applicable to the updated 16 step
process. The key benefit of such a design is the
determination of a relationship amongst variables. In
reference to chronic disease specifically, the randomized
controlled trial design allows for preventative aspects of
prevention and management characteristics to become
known. Furthermore, the way in which precise research
statistics are employed along with randomization help to
secure the honesty and trustworthiness of the design in
a data analysis framework. The cross-sectional study
design accomplishes this but lack of temporality
precludes a discussion of causality. Findings of cross-
sectional studies are largely correlational, in contrast to
randomized controlled trial designs, which clearly assign
causality [31]. By safeguarding randomization in the
randomized controlled trial design, statistical integrity is
maintained to a greater extent, allowing for trustworthy
casual relationships to be identified. Once this stage is
completed, the FFP may reapply for the approval of

category ‘B’.

Step 16: In the sixteenth step, to the discretion of the

research party, aftermarket research is conducted on the
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perceived benefits of the food item [3]. An important
aspect of the product's release to market is to maintain
education and marketing, encouraging higher
consumption rates. With this newer system, a stage such
as this is best suited for post-approval of classification ‘B’.
Despite variance in bioactive compound availability and
efficacy, it is important to continually analyze how FF
affects an open market. This is a more refined analysis
when compared to the earlier epidemiological studies, as
the dosage and use should be more optimal when
compared to previous stages. Additionally, aftermarket
research analyzes a much wider population, as there is
little to no control besides legal regulations. It is
important to analyze the product within the context of
such a vast market, as it will help monitor the potential
gap between the controlled studies and how the product
actually affects an individual’'s health and relevant
biomarker(s). Should discrepancies arise in efficacy or
safety, the product will be re-evaluated. Furthermore, by
finalizing the refinement of FFPs in this way, it may better
establish means for analysis on another containing the
same or similar bioactive compounds. When compared
to previous publications, aftermarket research is
relatively new. Prior, epidemiological studies were
sanctioned as the final step [32]. In doing this,
uncontrollable benefits or detriments cannot be
observed before the food vehicle is released to markets
as clinical studies take place in a monitored environment.
Thus, a new step in aftermarket research needed to be
added as a final precaution in the process in order to
monitor the well-being of the public. As displayed
throughout literature published by the FFC, the steps for
certification are ever-evolving and becoming more
focused as time persists. Upon completion, the product
can now be subject to reapplication for the approval of

being classified under category ‘A’.
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Categorization grades of functional food products: The
Functional Food Center proposes a system in which
hierarchy can be easily identified, approved FFPs may be
ranked according to an alphanumeric system. This
system will have multiple constituent factors which
analyze the FFs being ranked and place them accordingly.
Thus, a label of ‘A’ will denote a greater factor of support
than a label of ‘B’. The system will range from ‘A’, the
highest, to ‘C’, the lowest. Thus it will be synonymous
with many common grading systems around the globe.
The first category, “Category C,” is the basic
classification for FFPs that have completed steps 1
through 14 for approval, because it remains to be studied
in epidemiological and long-term aftermarket settings.
Category C FFPs would be the minimum requirement for
FF approval under the FFC’s protocols and receive a logo

of certification by the FFC as indicated in Figure 1.

ASFFBC
FFC « FFI

Cw‘ll‘é’gory'-
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The second category is defined as “Category B,” and
is a higher completed certification for FFPs that have
completed steps 1 through 15. This category includes
epidemiological studies, but not aftermarket research.
FFPs in this category will be a great standard for
understanding the benefit to the general public and
receive a logo of certification by the FFC as indicated in
Figure 2.

The highest category, “Category A,” is the premium
rating for the approval of FFPs. Products that receive
certification for Category A have gone through all
mandatory steps 1 through 16, including epidemiological
studies and aftermarket research. This is the gold
standard for manufacturers for providing empirical
evidence on the efficacy, legitimacy, and safety of the
FFP. The logo of certification will clearly identify its
excellence as the premium Category A and its approval

by the FFC as indicated in Figure 3.

C*

Figure 1. Logo for the certification of a Category C functional food product.
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Figure 2. Logo for the certification of a Category B functional food product.
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Figure 3. Logo for the certification of a Category A functional food product.
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Comparison of FOSHU, FDA, and FFC for the
classification and regulation of functional foods: This
section compares the evaluation and approval systems
used by both the federal Food and Drug Administration
(FDA) in the United States and the Food for Specified
Health Uses (FOSHU) program in Japan, and describes the
vision of the FFC in the classification and scientific

regulation of FFs [33-34].

1. Functional food regulation by FOSHU: When it comes
to the regulation of FFs, Japan is an excellent model. The
Japanese government has established the “Food for
Specified Health Uses” (FOSHU) as a regulatory system
for FFs [5]. FOSHU refers to food with a claim that
identifies a function benefiting health and is evaluated
and approved by the government. FOSHU is part of the
Foods with Health Claims regulations, which then enables
health claim labeling on products that meet specific
requirements [34]. FOSHU requires significant evidence
from clinical studies. There are protocols and guidelines
covering target subjects for enrollment, significant
points, and parameters for symptoms. In both types of
studies, healthy volunteers without medication are
enrolled. Control of food uptake and life-style, plus
recruitment of appropriate subjects under a good
protocol, are important to establishing clear evidence of
the active component. Approval requires 1) clear proof of
effectiveness in the human body; 2) usage of nutritionally
appropriate ingredients; 3) guarantee of compatibility
with product specifications by the time of consumption;
4) and established quality control methods [34].

The FOSHU system requires the identification of the
active ingredients as well as its mechanism of action.
Therefore, the documentation which FOSHU requires is
based on the identification and characterization of the
active ingredient. Required documentations and the
processes are described in detail by Yamada et al. (2008)
[35]. The process for FOSHU certification begins by
scientifically providing the efficacy of the active

ingredient, including in vitro and in vivo tests, that
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describe the mode of action, together with human trial
results that prove the efficacy of the product containing
the active ingredient. FOSHU requires evidence for the
safety of the FFP containing the active ingredient.
Manufacturers must provide documents proving stability
of the active ingredient, as well as for the FFP evaluated.
FOSHU requires detail of the physical, chemical, and
biochemical characteristics of the active ingredient, as
well as the analytic methods used. The quantification of
the active ingredient must be done with at least three
random samples from different manufacturing dates or
production lots [38]. The quality control methods
implemented at the production facility of the product,
including the ingredient and final product specifications
and the equipment present at the production facility are
submitted [35].

Although FOSHU is highly regarded as trustworthy,
concerns still arise regarding its aftermarket framework.
The regulation of FFs by FOSHU lacks aftermarket
research, that is, research performed after the release of
a FFP to investigate the effects it has on an uncontrolled
environment that is commonly found to the general
public [4]. Studies done post-market to assess FF efficacy
can aid in the development of FFs as a science around the

world.

2. Functional food regulation by FDA: The classification
and regulation of FFs in the United States greatly differs
from the FOSHU certification system in Japan. In the
United States, the Food and Drug Administration (FDA) is
a governing body responsible for enforcing food and drug
safety protocols under the Federal Food, Drug, and
Cosmetic Act (FFDCA) and later, through the 1994 Dietary
Supplement Health and Education Act (DSHEA) [36].
Unfortunately for the development of FFs, there is no
formal regulatory category for FFs as the FFDCA does not
provide a statutory definition of FFs. Food categories for
which federal definitions exist include food and dietary

supplement, but not FF. With an absence of a FF
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category, the regulation of potential FFs is currently
accomplished through existing regulations.

Foods and supplements are regulated by the FDA by
their intended use, which is determined by health claims
and accompanying label information [36]. FDA
categorizes the intended use for the labeling of food and
health claims into four types: nutrient content claims,
authorized health claims, qualified health claims, and
structure/function health claims. Nutrient content claims
describe the level of a nutrient in the product, using
terms such as free, high, and low, or they compare the
level of a nutrient in a food to that of another food, using
terms such as more, reduced, and lite [36]. Authorized
health claims provide the use in food labeling of health
claims that characterize a relationship between a food, a
food component, or dietary ingredient and risk of a
disease. For example, "adequate calcium throughout life
may reduce the risk of osteoporosis” [36]. Qualified
health claims may be used when there is emerging
evidence for a relationship between a food component
and reduced risk of a disease, but the evidence is not well
enough established to meet the scientific agreement
standard. This is problematic because a qualified health
claim may not provide empirical evidence, but
nevertheless allows the product to remain marketable
for health purposes [39]. Structure/function health claims

may describe the role of a nutrient or dietary ingredient
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intended to affect the normal structure of the human
body, for example, "calcium builds strong bones." In
addition, they may characterize the means by which a
nutrient or dietary ingredient acts to maintain such
structure or function, for example, "fiber maintains
bowel regularity," or "antioxidants maintain cell
integrity" [36]. In order to verify food claims, the FDA
focuses on research involving the administration of food
compounds to animals and humans. Claims must then be
approved under “Significant Scientific Agreement” after
which FDA officials rank claims based on the strength of

the scientific evidence behind them [37].

3. Functional food regulation by FFC: The concept of FFs
requires systematic and methodical regulation, notably
in the United States, where there is no acknowledged or
official classification for FFs [3]. The FFC has proposed
that the regulation of FFs as most adequately
accomplished by using a multi-step procedure that
focuses on bioactive compounds as the backbone for
approval [12]. These bioactive compounds are primary
and secondary metabolites of nutritive and non-nutritive
natural components that generate health benefits by
preventing or managing chronic disease or its symptoms.
The study on the protective and health promoting effects
of bioactive compounds have made these components

particularly important for the categorization of FFs [10].

Table 2. Comparison of the established functional food procedure by FOSHU and the proposed methodology by the FFC

Parameters FOSHU

Contains causal compounds

Active ingredients with established

FFC

Similar in concept to bioactive compounds

mechanism, characteristics, and stability

Required establishment of Yes
bioactive mechanism

Establishment of dosage and Yes
non-toxic quantities of the

bioactive compound

Yes

Yes

It is absolutely necessary to find bioactive

Possibility of FF with or without The active ingredient(s) must be identified compound(s) and ratio of compounds if there

proven bioactive compounds and be measurable

are more than one bioactive compound
responsible for a health benefit
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Parameters

Contains definition of bioactive
compounds

Necessary definition of
functional foods for
governmental agencies,
manufacturers, and consumers

Conditions and disease

identified by FFP to reduce the
risk or mitigate disease

Evaluation of new delivery
vehicle with each new FFP

Ideal intervention

Measurement of the outcome

In vitro, in vivo, and clinical
studies necessary for approval
as FF product

Requirement of specialized
label

After market studies

Publishing investigation on FFP
in a journal

Report investigation results in
international conferences
related to the field FFC

Government approval of FFP

Beneficiaries of the FF product

FOSHU
The word equivalent to “bioactive
compound” is not officially defined, but
contextually it is obvious that the Japanese
word “active ingredients” refers to the
causal compound that provides health
benefits
The equivalent of “Functional Foods” is
“Foods with Health Claims”, which includes
FOSHU

1. Special health condition
2. Maintenance of health
3. Cannot mention disease names (with

exception of risk reduction: FOSHU is not
medicine)

Yes, the effectiveness is tested on the final
product basis, and each product will be
evaluated by CAA under the FOSHU
regulation.

Randomized controlled trials

Use an indicator that is appropriate for the
purpose and widely considered clinically and
nutritionally meaningful

Yes

Yes

No

No

No

Yes. However, Foods with Function Claim are
not evaluated or approved by CAA, and
therefore they are not FOSHU.

1. Manufacturers
2. Government
3. Consumers

FES
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FFC
Yes, and FFC suggested [40]

Yes, and FFC suggested [40]

1. General health
2. Chronic diseases
3. Reduce the risk of viral diseases

Yes, necessary evaluate all steps since new
product is a new environment and bioactive
compounds mechanism and activity might be
changed

Randomized controlled trials

Find the biomarker that can be tested via that
mechanism or pathway, which indicates
effectiveness of the bioactive compound

Yes

Yes

Yes

Yes

Yes

Yes

1. Scientist(s) who come up with formulation
2. manufacturers

3. government

4. consumer
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The FFC’s proposed regulation of FFs resolves the two
issues that arise within the FDA and FOSHU processes.
First, a formal category of FFs will be defined, and second,
epidemiological studies and after-market research will be
a required step for premium classification. While the FDA
does recognize the efficacy of certain food compounds
having disease-related health benefits, they have not
recognized FFs as a separate category [1]. The FFC multi-
step procedure links the consumption of FFs with health

claims that are based on published, empirical evidence.
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epidemiological studies and aftermarket research is
resolved under our proposed system. The aftermarket
research for a FFP will be a required step for
manufacturers seeking the premium level of certification.
An outline for how approval/ recommendation would be
completed is shown in the above Figure 4. The proposal
is an open system, meaning it may be modified in the
future. As the FFC starts to implement its
recommendations to the FDA, then discussion will

further need to follow dictating the evolution of the

Regarding FOSHU, the problem of a lack of proposal.
FFC (COLLECTION
ASFFBC: 2 OF APPLICATIONS 1

CFFS & CFFP | & o\suLATions)

evaluation of
presented
documents

FF CLINICAL
STUDY
CENTER

Figure 4. General overview of the mediation process

An outline for how approval/recommendation
would be completed is shown in the above Figure 4. The
proposal is an open system, meaning it may be modified
in the future. As the FFC starts to implement its
recommendations to the FDA, then discussion will
further need to follow dictating the evolution of the
proposal.

An application consisting of the initial steps and
appropriate detailed documentation would be sent to

the FFC, which in turn would be communicated to various

APPLICANT

(_!

5 .ﬂ.
L]
* .
o approval/
LI H
request analysis op,* disapproval
(as needed)

FDA

certified functional food scientists and certified
functional food professionals. Collaborative members
from ASFFBC may also be used for each specific case for
the potential certified functional foods (CFFs) and
certified functional food products (CFFP) . After the
verification and approval of required documents, as well
as, functional food science publications, the FFC will be
able to provide recommendations about the
continuation of the case. This preliminary screening will

improve the efficiency for the applicants to create a FFP,
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prior to sending data to the FDA. Additionally, this
preliminary screening of applications and appropriate
consultations with applications will save governmental
agencies’ time to make decisions upon the classification
of potential FFP and the approval or disapproval of the
product.

After a preliminary screening, the FDA may evaluate
forms and research done by the applicant, confirm or
deny the validity of the FFP and allow it to be marketed
with an appropriate label by the applicant. The FFP can
now be graded as ‘C’ and established as a FF on the
market. For higher grades of classification in the future,
the continuation of evidence including epidemiological
studies and after-market research will need to be
completed upon applying for grades of ‘B’
and ‘A’. The FFC’s role in the approval process is to assist
both the applicant and the appropriate governmental
agency be as efficient as possible. The collaboration
within the network of functional food professionals can
be helpful for applicants as well as for governmental
agencies in the certification process, but final approval
should be the responsibility of a governmental agency. It
is important to note that applicants may also apply to the
FDA directly.

As a pioneer in the field of functional food science,
it is justifiable that the official approval process is in
collaboration with the FFC. The FFC connects a global
network of professionals in the field of functional food
science as demonstrated by hosting twenty-nine
international conferences in the field of functional food
science, and is scheduled for two upcoming international
conferences for 2022 and 2023 [39]. Additionally, the FFC
has published nine textbooks, published several peer-
viewed journals, and developed online classes to teach
students. The FFC has created several forms of

certification process for those who would like to become
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certified functional food scientists and professionals. The
FFC is the most knowledgeable organization for
collaborating with government agencies because the FFC
has developed the methodology and produced the
classification, and categorization, for functional foods.
The FFC’s initial screening of scientific work and
documents from applicants will make the case for
approval much stronger.

This approval process will benefit our society by
having healthy and functional food options in
combination with our standard medicine practices.
Government agencies will save money in health care
costs, scientists will get reward for their sound scientific
work in this modern and interdisciplinary field, the food
industry will be rewarded for producing healthy and
functional foods, and most importantly this will benefit
millions of lives making longer lifespan and happier of
people who will consume specific functional food
product for reducing risk of diseases as well as for well-

being

Open-ended expansion

This system is left relatively open and flexible. Should the
need for new categories be present in the future, then
adaptations can be made as needed. This is to allow for a
system that can grow as the field of FF does. As
demonstrated in Figure 5 below, the newest steps of our
proposal have expanded upon previous ideas of the
regulatory process. In the future, slight alterations to the
current process may be adjusted; however, the general
outline is foundational. Additional steps are not always
necessary. As mentioned previously, the order in which
FFs are established will remain relatively consistent as
there are prerequisites for each step; however, some

instances may be allowed to shift slightly.
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1: Establish a goal for the
functional food

5: Identify relevant
biomarker(s)

9: Create a special label for
the functional food for
proper information

13: Official establishment of
the functional food product

FFS

Functional Food Science:
Revised Proposed Process Outline

2: Identify relevant
bioactive compounds

6: Choose appropriate
food vehicle for bioactive
compound

10: Mandate open access to
publications through peer-
reviewed journal (new)

14: Release functional food
product to the market with

3: Establish proper dosage
of bioactive compound

7: Provide preclinical studies
for efficacy and safety

11: Educate the market

15: Provide epidemiological
studies with classification
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4: Determine pathway of
bioactive compound

8: Provide clinical studies for
dosage, efficacy, and safety

12: Send information to
government agencies
and/or credible third parties

16: Provide after market
research with classification

classification C (new)

B (new) A (new)

Figure 5. The highlight of our newest steps to develop functional food products and bring them to the market

CONCLUSION

In providing a new system by which functional food
products can be classified, A, B, or C, the Functional Food
Center can better communicate the prospects of
symptom management and risk reduction on the part of
food items to the public and official agencies. Notably,
the system is comparative in rigor to the FOSHU system
utilized in Japan, allowing for justification of functional
food expansion in the U.S. An easy and digestible
classification system such as the one proposed offers
food producers another means through which to market
their product, and consumers' knowledge can be
leveraged to better understand how certain food
products could make a substantial and beneficial impact
on their lives. Furthermore, building on already
established claims made by the FDA concerning specific
food items affords the Functional Food Center and items
in question a justification for expansion of knowledge
concerning their bioactive compounds. The new system
emphasizes greater transparency, as it implements a
suggestion for open access scrutinization. This new step
will expand knowledge and literature, as data for a

specific FFPs will be subject to peer evaluation. In being

transparent with official agencies and the average
consumer, safety can be better ensured, providing sound
justification for field expansion. The uniqueness of this
newer process lies in this aspect. Jointly with better
means of communication, FF can now be held to an even
higher standard. Furthermore, when compared to
previous plans proposed by the FFC, the evolution of
thought is evident and clear. This proposal sees slight
adjustments to the already instated functional food
certification system. While not a total overhaul, the
addition of another step in the form of open-access
dictates a subsequent proposal in order to affirm its

status as a standard

Abbreviations: ASFFBC: Academic Society of Functional
Foods and Bioactive Compounds; CAA: Consumer Affairs
Agency; CDC: Center for Disease Control; DSHEA: Dietary
Supplement Health and Education Act; FFC: Functional
Food Center; FFP: Functional Food Product; FOSHU:
Foods for Specific Health Uses; FDA: Food and Drug
Administration; FSIS: Food and Safety Inspection
Services; FFDCA: Federal Food, Drug, and Cosmetic Act;

FFI: Functional Food Institute; FF: Functional Food; CFF:
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