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A B S T R A C T

The number of Individuals that use dietary supplements and herbal medicine products are continuous to increase
in many countries. The context of usage of a dietary supplement varies widely from country-to-country; in some
countries supplement use is just limited to general health and well-being while others permit use for medicinal
purposes. To date, there is little consensus from country to country on the scope, requirements, definition, or
even the terminology in which dietary supplement and herbal medicines categories could be classified.
Transparent science-based quality standards for the ingredients across these regulatory frameworks/definitions
becomes even more important given the international supply chain. Meanwhile, there has been a rapid ad-
vancement in emerging technologies and data science applied to the field. This review was conceived at the
Global Summit on Regulatory Sciences that took place in Beijing on September 2018 (GSRS2018) which is
organized by Global Coalition for Regulatory Science Research (GCRSR) that consists of the global regulatory
agencies from over ten countries including the European Union. This review summarizes a significant portion of
discussions relating to a longitudinal comparison of the status for dietary supplements and herbal medicines
among the different national jurisdictions and to the extent of how new tools and methodologies can improve the
regulatory application.

1. Introduction

The use of dietary supplements and herbal medicines derived from
natural substances for improved quality of life or their purported ben-
efits has increased worldwide (Eisenberg et al., 1993, 1998; Mahady,
2001). Even though, herbal medicines have been present for centuries,
the chronology of regulation of herbal medicines varies across jur-
isdictions, where in some countries, it has been in existence for long
time, whereas some countries started regulating recently. Additionally,

sometimes the emotion is also attached with remedies that may be
within a family or practiced among a population for centuries. The use
of many dietary supplements and herbal medicine could be based on
the knowledge from traditional medicine practices. Products that con-
tain this type of ingredients are often marketed to the consumer by
highlighting specific “health claims”. Without proper education or
context pertaining to “health claims”, it may lead to the improper
substitution of these products for drugs which could be potentially
dangerous for the consumer (Ernst, 1998; Moreira et al., 2014; Zhu
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et al., 2019). As serious adverse effects of these products, including
hepatotoxicity, renal failure, and carcinogenicity have been reported,
their safety has become an essential issue for regulatory authorities
(Avigan et al., 2016; Geller et al., 2015; Stickel et al., 2005;
Vanherweghem, 1998; Zhu et al., 2019). Due to the gap between in-
creased usage of these products and lack of knowledge about their risks
and benefits, it is of importance to global regulatory agencies to discuss
their respective regulatory principles and understand the potential
utility of emerging technologies and big data for an improved and
harmonized regulatory framework to guide the safe application of
dietary supplements and herbal medicines.

In a common use, natural substances can be treated as either
“supplements” to improve health or “medicines” for illness. However,
the line between the two varies significantly across countries depends
on how they are regulated. Therefore, the primary challenge to initiate
any conversation related to regulations in this field is the lack of global
consensus on the definition and categorization of a product (Borins,
1998; Kayne, 2010). This is likely due to the fact that there are multiple
independent decisions to treat these products differently in different
jurisdiction regulatory schemes and thus the independent driver to-
wards drawing consensus is a challenge.

While It is not uncommon for dietary supplements and herbal
medicines to be considered as two entirely different regulatory cate-
gories (Avigan et al., 2016; Rocha et al., 2016; Silano et al., 2011;
Swann, 2016), for each category, however, the consensus for regulation
is also lacking across countries (Low et al., 2017). In one aspect, such a
variability reflected in the way quality standards are regulated in dif-
ferent countries (Commission et al., 2007; Sahoo et al., 2010). Most
agencies follow risk-based approaches (Avigan et al., 2016; Low et al.,
2017) where consistent standards, particularly in quality, should be
applied to achieve some degree of harmonization across regulatory
frameworks in different countries. It is important to point out that a
significant challenge faced by regulatory agencies is that many of the
herbal medicine and dietary supplement products are mixtures or
blends of same product produced by different sites and little is known
about the supply chain. To better address the quality issues, for ex-
ample, pharmacopeias around the world such as the United States
Pharmacopeia, the European Pharmacopeia, and the Pharmacopeia of
the People's Republic of China, to name a few, are setting quality
standards for an increasing number of herbal medicine and dietary
supplement ingredients and finished dosage forms. In addition, there
have been several efforts from the World Health Organization to discuss
how it may be feasible for dietary supplements ((WHO), 1999; (WHO),
2003; (WHO), 2010).

Clearly, there exists the variability in distinguishing between dietary
supplements for health and herbal medicine for illness and to the ex-
tension of regulatory oversight for each category across countries
(Boullata et al., 2000; Sahoo et al., 2010). In addition, when health
claims are made on the product labeling, which could also pose addi-
tional variability (Low et al., 2017; Mahady, 2001; Rocha et al., 2016).
Thus, there is an unmet need for the development of a comprehensive
approach to evaluating the safety and quality of dietary supplements
and herbal medicine. The rapid advancement in emerging technologies
such as big data analytics and next-generation sequencing could play a
role, which is centered in discussion among the participants in the 8th
annual conference of Global Summit on Regulatory Science (GSRS).

The Global Coalition for Regulatory Science Research (GCRSR) was
established in 2013, under the leadership of the US Food and Drug
Administration (FDA). Its membership is comprised of regulatory
bodies from ten countries including the European Union (EU). GCRSR
has forged international partnerships and collaborations that focus on
adopting emerging technologies and big data science to improved
regulatory science research on the safety and efficacy of foods and
drugs. To the end, it facilitates and promotes the development of reg-
ulatory science research as a tool for advancing regulatory science in a
manner that is directly applicable to the public health goal of safe food

and therapeutic products. GCRSR has hosted the annual GSRS con-
ference since 2013 as a platform for improved communication among
international regulators (Healy et al., 2016; Pettitt et al., 2016; Slikker
et al., 2018; Tong et al., 2015). The 2018 GSRS (GSRS2018) was the 8th
consecutive annual summit was held September 26–27 in Beijing, China
at the National Institutes for Food and Drug Control. The topics dis-
cussed this occurrence of the meeting covered some of the risk and
benefit associated with dietary supplements and herbal medicines. The
presenters represented 10 countries including China, Korea, Japan, and
India), EU, USA, Canada, and Australia. The summit began with a
discussion on the global regulatory structure for dietary supplements
and herbal medicine. It was estimated that, over 80% of the world's
population uses dietary supplements or herbal medicine. Based upon
the magnitude of that figure, there was a dedicated session for discus-
sion of their safe use (Low et al., 2017). The summit concluded with
discussions that focused on the challenges and opportunities of using
new tools and methodologies in this area.

This paper summarizes some of the key topics discussed in
GSRS2018. The conference surveyed and compared the regulatory
structure for dietary supplements and herbal medicines across several
nations, with a specific emphasis on how the existing structure in each
country responds to emerging products in these categories. Manuscript
is focused on the regulatory framework of seven regulatory bodies and
its comparative. Additionally, this manuscript also discusses that way
new tools and methodologies like next-generation sequencing (NGS)
and data analytics may play a role in the future regulatory application
were emphasized.

2. Definitions, terminologies and classifications

Several terms were discussed during the conference; however, while
many of the terms can be used interchangeably, some of them have very
specific definitions that would prevent this from occurring. Table 1
summarizes the primary terms used by some of the regulatory agencies
that participated at GSRS2018, including those from the USA, Canada,
Japan, China, EU, and Australia. Differences in terminologies could
result in a product being categorized in a completely dissimilar manner,
this causing wide variations in regulatory decisions that vary sig-
nificantly from country to country. For example, if a product is regu-
lated under the food-related regulation, in most cases, a therapeutic
claim cannot be made. If a product is regulated under the medicine
category in a particular jurisdiction, therapeutic claims can be made,
but every jurisdiction has different pre-approval requirements.

For the convenience of discussion in this manuscript, natural pro-
ducts used in this context were divided into two categories, “Classified
as Supplements” and “Classified as Medicines”. The former is used as
supplements for health benefits with no or limited claim on therapeutic
effects while the latter is used for the treatment of illness with an-
nounced health claims. Table 2 summarized some critical aspects of
both categories across countries. However, these claims are usually
varied by the jurisdiction.

3. Regulatory landscape

3.1. Regulation in the United States of America

The US-FDA regulates products marketed as dietary supplements
under the Federal Food, Drug and Cosmetic Act (the FD&C Act) as
amended by the Dietary Supplement Health and Education Act
(DSHEA) of 1994 (FDA, 2019a,b; Denham, 2011; Hathcock, 2001; Ross,
2000). The FD&C Act defines dietary supplement as a product, other
than tobacco that are intended to supplement the diet and that contain
one or more of the following dietary ingredients: a vitamin; a mineral; a
herb or other botanical; an amino acid; a dietary substance, for use by
man to supplement the diet by increasing the total dietary intake; or a
concentrate, metabolite, constituent, extract, or combination of any
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Table 1
Main terminologies and definitions for dietary supplements and herbal medicine presented in GSRS2018

Terminology Official terminology of
Country

Definition

Dietary supplements United States In the USA, the term dietary supplements are legally defined for the product “The Federal Food, Drug, and
Cosmetic Act defines a dietary ingredient as a vitamin; mineral; herb or other botanical; amino acid;
dietary substance for use by man to supplement the diet by increasing the total dietary intake; or a
concentrate, metabolite, constituent, extract, or combination of the preceding substances Unlike drugs,
supplements are not intended to treat, diagnose, prevent, or cure diseases. That means supplements should
not make claims, such as “reduces pain” or “treats heart disease.” Claims like these can only legitimately be
made for drugs, not dietary supplements. Dietary supplements include such ingredients as vitamins,
minerals, herbs, amino acids, and enzymes. Dietary supplements are marketed in forms such as tablets,
capsules, softgels, gelcaps, powders, and liquids”.

Herbal medicines Herbal medicine interpreted differently in a different jurisdiction. To bring the harmonization for the
international efforts, WHO considers herbal medicine that includes herbs, herbal materials, herbal
preparations. The herbal preparation could have the active ingredients that are either part of one plant or
derived from the combination of the multiple plants. However, some herbal medicine preparations at some
countries contain the active ingredients from non-plant source as well, such as minerals or animal parts. In
the USA, herbal medicine would come under botanicals, some of which are included under dietary
supplements. In New Zealand, known as Herbal Remedies while in EU known as Herbal Medicinal
Products. Different jurisdictions have a difference in regulation.

Functional food There is no defined and legal terminology, however, it is used as an alternative term for the ‘nutraceutical,’
with the concept that foods can have some health benefits. Functional food can be an extract, powder, or
other processed forms originated from normal food such as gapes and peanuts that contain resveratrol with
antioxidant properties. Health Canada has the definition of ‘nutraceutical,’ and is considered as the product
originated from the food. In the EU legislation, “functional foods” or “nutraceuticals” are not recognized
categories.

Health food Japan and China Japan and China mainly use the term health food, but with different regulatory processes. The general
concept of health food is that the food contains nutrient as well as health benefits. Thus, some permitted
health-related claims can be made. In Japan, health and nutrition claims handled separately, processing via
different regulatory route while, in China, the claims are restricted to the pre-defined twenty-seven health
claims.

Natural Health Products Canada Natural Health Products (NHP) is the category created for a variety of products that are naturally sourced
products intended for improving human health. This is well defined in Canada and contains a variety of
products like vitamins, minerals, herbal and homeopathic medicine and traditional medicines (e.g.,
Traditional Chinese Medicine).

Food supplement These foods are packed with nutrients or other substances with a nutritional or physiological effect, and
mainly contained in the concentrated form and available in specific dosage form to supplement the normal
diet. Food supplements can bear approved nutritional and health claims, but medical claims are not
permitted. Food supplements are defined in EU as food and monitored through centralized legislation.

Novel food EU, Canada, Australia Novel food is mainly defined in EU and Canada and Australia, to deal with the category of the food that was
not consumed as food historically in that region. Certain alterations to the regular food could be considered
as novel food such as using new technologies or production processes (e.g., bioengineering,
nanotechnology, or UV treated food, etc.), or upgraded with the addition of nutrients, or used the new
sources for known products.

Complementary medicine Australia It is mainly used in Australia as a regulatory term. It denotes to all the health care practices that are not
conventional part of a country's health care practices. Health care system from those countries is not
integrated with these practices.

Alternative medicine It is commonly used to cover the health care practices which were not considered the part of the
conventional healthcare system and practices. These practices sometimes considered to have not enough
scientific evidence to prove their efficacy and used in substitution of conventional practices.

Traditional medicine These are practices that have a long history of usage in particular jurisdiction. The practice could be a
combination of beliefs, knowledge, and skills in addition to medicine. It could be used for preventative,
diagnosis, or treatment of physical and mental health.

Traditional Chinese medicine
(TCM)

China It is part of ancient Chinese healthcare system. This system includes medicines, practices, acupuncture,
massage and have preventative health as well as restoring the health. The medicines can be single herb,
complex combination from plant or animal origin. Some of the cases prescribed by the health care
practitioner. TCM are still integral part of Chinese healthcare system with hospitals and health care
practitioners are there to monitor as well as prescribe the medicine or combination of therapy to the
patients.

Kampo medicine Japan It is popular in Japan and derived from the ancient version of Traditional Chinese Medicine. Although Kampo
medicine and TCM share a similar philosophy, the ingredients are different. Specifically, Kampo medicine has
evolved and modified to incorporate materials from Japanese origin.
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ingredient described previously (FDA, 2019). Dietary supplements must
be intended for ingestion; therefore, they cannot be indicated for use
though any other means (e.g., sub-lingual, injected, inhaled, etc.). They
also cannot contain ingredients that were previously approved or stu-
died as drugs (unless they were marketed as a dietary supplement prior
to being approved as a drug). Unlike FDA's regulation of drugs, where
safety and efficacy need to be proven before approval, dietary supple-
ments are primarily regulated through post-market surveillance and are
not approved at all (FDA, 2017). Generally speaking, new dietary in-
gredients that are introduced after 1994 should undergo a safety review
through the New Dietary Ingredient Notification (NDIN) process, al-
though there are exceptions to that requirement (FDA, 2016). In order
to market dietary supplements in the United States, pre-marketing ap-
proval is not required; however, the responsibility is on the manu-
facturer ensure that their product is safe for the population and con-
ditions of use is specified on the label. Under U. S. law, dietary
supplements may not be marketed to diagnose, cure, mitigate, treat, or
prevent disease (FDA, 2016).

FDA regulates drugs that contain botanical ingredients in a different
manner; there products are intended to diagnose, cure, mitigate, treat
or prevent disease. Products in this category must follow the

appropriate pre-market approval process (FDA, 2016). Currently, there
are only two FDA-approved botanical drugs, Veregen® (sinecatechins
ointment) (FDA, 2006; Abramovits and Gupta, 2010) that is indicated
for the topical treatment of external genital and perianal warts and
Mytesi® (crofelemer)that is used for symptomatic relief of non-in-
fectious diarrhea in patients with HIV/AIDS on anti-retroviral therapy
(Klein et al., 2013; Zhang et al., 2013).

3.2. Regulation in Australia

In Australia, most natural products such as herbal, vitamin, mineral,
and nutritional supplements are treated as "complementary medicines"
with the mission of better health in mind and termed as the "therapeutic
goods," regardless of whether they are "Classified as Supplements" or
"Classified as Medicines" (TGA, 2013). These products are regulated
under the Therapeutic Goods Act (TGA), which was established in
1989, which also regulates the medicinal products. Some products
could be in both "Classified as Supplements” and “Classified as Medi-
cines" categories. The Australian government provides the Food-Medi-
cine Interface Guidance Tool to characterize a product. The products
that is classified as therapeutic goods (including medicine) are

Table 2
Natural products “Classified as Supplements” or “Classified as Medicines” in different jurisdiction.

Country Regulatory Agency Classified as Supplements Classified as Medicines

USA Food and Drug Administration (FDA) Dietary Supplement - Center for Food Safety and
Applied Nutrition (CFASN)/FDA

• Herbs/Botanicals

• Vitamin

• Minerals

• Amino Acids

• Dietary substance for use by man to supplement the
diet by increasing the total intake

• Concentrate, metabolite, constituent, extract or
combination of the preceding substances.

Botanical drugs - Center for Drug Evaluation
and Research (CDER)/FDA

Australia Therapeutic Goods Administration (TGA) Complementary Medicines - Complementary
and OTC Medicines Branch/TGA

• Herbs

• Vitamin

• Minerals

• Nutritional supplements

• Homeopathy

• Microorganism (whole extracted) etc.
Australia Food Standards Australia New Zealand

(FSANZ)
Novel Food

• Foods and extracts from plants, animals, etc.,

• Foods and their extracts resulting from production
processes and practices, and new technologies.

New Zealand New Zealand Ministry for Primary
Industries (MPI)

Supplemented food

• Foods modified or with added substances so that they
perform a physiological role

New Zealand New Zealand Medicines and Medical
Devices Safety Authority (Medsafe)

Dietary supplements Herbal Remedies

New Zealand Food Standards Australia New Zealand
(FSANZ)

Novel Food

• foods and extracts from plants, animals, etc.,

• Foods and their extracts resulting from production
processes and practices, and new technologies.

Canada Health Canada (HC) Natural Health Products

• Traditional medicine

• Herbal Medicine

• Homeopathy
China China Food and Drug Administration

(CFDA)
Health foods Traditional Chinese Medicine

Japan Ministry of Health, Labor and Welfare
(MHLW) for Medicines
Consumer Affairs Agency (CAA) for
Supplements

Health foods Kampo Medicine

EU European Medicines Agency (EMA) Herbal Medicinal Products
National competent authorities of EU Member
States

EU Member States National competent authorities
European Food Safety Authority (EFSA) if
centralized procedures apply

Substances with a nutritional or physiological effect
(vitamins, minerals, botanicals, etc.)
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regulated by TGA at federal level, however, the food (food with health
claim) are mainly regulated by state authority and regulatory bodies
that controls territory food. The products are divided into two cate-
gories, "low-risk medicines" and "high-risk medicines," which are
available from the Australian Register of Therapeutic Goods (ARGT)
(TGA, 2013). The regulatory guidance is provided at the Australian
Regulatory Guidance for complimentary Medicine (ARGCM), that pro-
vides the details on requirements to be low risk or high-risk medicine.
Low-risk medicines are "listed" (TGA, 2018a) whereas the higher risk
medicines must be "registered" (TGA, 2013); the products that are "re-
gistered" must be evaluated for their quality, safety and efficacy. While
products that are "listed" are not subjected to that requirement. . Some
of the “listed” complementary medicine also assessed by TGA which
tend to make slightly riskier health claims comparatively. However,
“registered” complementary medicines are those that either contain
ingredients with higher risk or make health claims with serious con-
dition. Currently, not many complementary medicines have gone
through the "registered" route, and most are just "listed". Specifically,
only ~40 complimentary medications are registered (TGA, 2018a) and
evaluated at ARGT, while> 11,000 medicines are listed on the register
(TGA, 2011). For "Classified as Supplements," some therapeutic claims
could be made but must contain a label that states that TGA does not
evaluate such a claim.

3.3. Regulation in New Zealand

New Zealand has two categories of products (i.e., Classified as
Supplements or Medicines). In the New Zealand's framework, dietary
supplements are regulated by the Dietary Supplements Regulations of
1985. Dietary supplements in New Zealand are not required to submit
for premarket approval, are supposed to be taken orally with a specific
dosage found of the drug label and should not be intended for ther-
apeutic purposes (Medsafe, 2019). The category of dietary supplements
also contains animal-derived products, when the products contain in-
gredients from animal or animal product origin. This subcategory is
required to follow either the Animal Product Act 1999 or Food Act of
2014. New Zealand also has a Supplemented Food Standard that sets
out requirements for products that are represented as foods but have
been modified in some way or had substances added to them (i.e.,
certain vitamins, minerals, herbals and bioactive) so that they perform
a physiological role as defined in the New Zealand Food Safety (2016)
as “Supplemented Food” (NZFS, 2016). Of note, New Zealand legisla-
tion is working on a Natural Health Product Bill that will supersede the
Dietary Supplements Regulations, (1985) once approved (New Zealand
Parliament, 2011). The new bill encourages the use of new tools and
methodologies, such as an electronic database Where manufacturers
will be required to register their product and provide evidence in the
report format to support any health claims that they make about the
product effects (NewZealandParliament, 2019).

3.4. Regulation in Canada

Like Australia, in Canada, most natural products, if not all of them
are classified as a subclass of medicine “Classified as Medicines,” are
called natural health products (NHPs) and are regulated by Health
Canada (HC). NHPs are regulated under the Natural Health Products
Regulations (NHPR), which were enacted in2004 (HC, 2016a). The
regulations set out in the NHPR provide for product and site licensing
requirements (e.g., manufacturing, importing, distributing), good
manufacturing practices, adverse reaction reporting, clinical trials, as
well as labeling, including warnings and recall features. Evidence for
the health claims that are made on product labels is required for en-
suring both safety and efficacy (HC, 2019b) and could be in the form of
a clinical trial, published literature, and pharmacopeia. Health Canada
also has published a compendium of monographs of NHPs to which an
applicant can attest as their sole source of evidence for safety and

efficacy. For quality, applicants must comply fully with the specifica-
tions set out in one of the major international pharmacopeias specified
in Schedule B of the Canadian Food and Drugs Act (i.e., “Compendium
of Monographs”) (HC, 2009). NHPs are required to apply for premarket
authorization and submit all material for evaluation by Health Canada
before entering the market. This provides Health Canada with the
ability to monitor both the manufacturing as well as the post-marketing
processes (HC, 2016b). Manufacturers must procure a license for a
product to be sold in Canada by providing information that indicates;
dose, potency, ingredients, source, and the recommended use. The
manufacturer also must meet labeling requirements and adverse reac-
tion reporting requirements established by Health Canada (HC, 2018).

There exists a huge overlap between the herbs and food.
Furthermore, clearly defining these products’ regulatory classification is
challenging because it is based on intended use of the product (product
representation), product format, and public perception and history of
use. Herbal medicines can be sold with prevention and therapeutic
claims, with the exception of those that overlap with a specific list of
serious diseases and disorders. Finally, the manufacturer must adhere to
strict labeling guidelines.

Canada is also developing a framework for supplemented foods. An
example of a supplemented food would be a pre-packaged product that
is manufactured, sold or represented as a food, which contains added
vitamins, minerals, amino acids, herbal or bioactive ingredients.
Bioactive ingredients are defined as those that may potentially perform
a physiological role beyond the provision of nutritive requirements. The
current Temporary Marketing Authorization framework for supple-
mented foods (HC, 2016c) is being used to gather information for the
development of evidence-based regulations for this category of foods on
an ongoing basis (HC, 2019a).

3.5. Regulation in China

The Chinese Food Safety Law was enacted in 2015. It established a
new centralized system under the National Medical Products
Administration (NMPA) (Robinson, 2006). Their improved legislation
has enhanced the mechanism for record-keeping and registration me-
chanism (Jiang, 2005). Under the Chinese Food Safety Law, the natural
products fall under either “Classified as Supplements” or “Classified as
Medicines.” The “Classified as Medicines” products have a strong pre-
sence in China and commonly referred to Traditional Chinese Medicine
(TCM) (Normile, 2003). The category of TCM includes products that
have an extensive history of use by the Chinese population and influ-
enced the traditional medicine around that area such as Kampo medi-
cine in Japan (Jiang, 2005). Therefore, the structure for manufacturing,
healthcare system, hospital, and regulation are well established and
streamlined for TCM (Jiang, 2005; Xu and Yang, 2009).

The category identified as “Classified as Supplements” is called
Health Foods including products that are treated in conjunction with
the functional foods under the Chinese Food Safety Law. Manufacturers
in China are allowed to market Health Foods that make therapeutic
claims out of a list of predefined therapeutic claims (a total of 27 claims
at present) (Dobos et al., 2005). Therefore, before these products are
approved, they must demonstrate compliance with an extensive testing
and premarket approval process, including requirements of toxicity
testing when a product contains a new ingredient.

3.6. Regulation in Japan

Japan's recent legislation (2015) is largely adopted from the United
States with a few exceptions. Foods in Japan are either regulated as
"Foods in General" or "Food with Health Claims” (Tanaka et al., 2004).
Under the "Food with Health Claims," there are three distinct categories
(Shimizu, 2003): (1) "Food with Nutrient Function Claims" (FNFC) that
are mainly vitamins and minerals, (2) "Food for Specified Health Uses"
(FOSHU) for other functions, and (3) "Foods with Function Claims"
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(FFC). These categories are regulated under different pathways, that
range from rigorous for FOSHU to the short pathways for FFC (Ohama
et al., 2008). Consumer Affairs Agency will only allow Health Foods to
be marketed as FOSHU if the claims on the product labels have been
submitted for examination. FOSHU should contain information about
dietary usage and health advantages. Manufacturers should provide
evidence on products safety and efficacy-related evidence for approval
(e.g. clinical trials). New labeling guidance for FFC was approved in
2015, which includes a simplified marketing process of submission of
premarket notification and less rigorous requirements than FOSHU
products (Martirosyan et al., 2015).

Products that fall into the practice of Kampo Medicine are
"Classified as Medicines" in Japan. Kampo originated in ancient China
and later developed distinctively in Japan (Saito, 2000). It is widely
used in daily practice by physicians. Products in this category are
considered to be the same as a government-regulated prescription drug.
Currently, there are 148 kinds of prescription Kampo medicines covered
by Japan's national health insurance. In short Japanese law does not
distinguish between Kampo medicine and chemically synthesized
medicine (Terasawa and Medicine, 2004; Yu et al., 2006). Kampo
medicines normally appears on the market in the form of granules but
can sometimes be formulated into capsules or tablets. Japan also has
over-the-counter (OTC) Kampo medicines. The approval standards for
marketing OTC Kampo medicines consist of 294 different formulas.

3.7. Regulation in EU

In the EU, products fall into one of the two categories: “Classified as
Supplements” or “Classified as Medicines.” Under the category of
“Classified as Supplements,” there are Food Supplements which are
regulated as food under the Directive 2002/46/EC (European
Commission) (EU, 2002; Gulati and Ottaway, 2006). There is no cen-
tralized pre-market authorization for food supplements in the EU. EU
Member States may request to be notified when a particular food sup-
plement is placed on the market in their territory so that the competent
authority of the Member State may monitor its use in the territory. The
harmonized legislation in the EU regulates the vitamins and minerals,
and the substances used as their sources, which can be used in the
manufacturing of food supplements (EU, 2006; EU, 2015b). For in-
gredients other than vitamins and minerals, the European Commission
has established harmonized rules to protect consumers against potential
health risk and maintains a list of substances which are known or
suspected to have adverse effect on health and the use of which is
therefore controlled (Annex III of Regulation (EC) No 1925/2006) (EC,
2015a). If a product intended to be used in food supplements does not
have a history of safe use in the EU prior to 1997, a new production
process has been applied, or it contains or consists of engineered na-
nomaterials, then the product is classified as a novel food. That triggers
a request for a safety assessment by the European Food Safety Authority
(EFSA) according to Regulation (EC) No 2015/2283 on novel foods (EC,
2015a). Even if the non-harmonized substances are under national
legislation, the “principle of mutual recognition” also applies also to
food supplements, meaning that Member States are not allowed to
prohibit or restrict the import of products from another Member State if
such a product is lawfully manufactured or marketed in the exporting
Member State. A number of exceptions apply to this principle, among
them the protection of health and life of humans, animals or plants (EU,
2015a). Regulation (EC) No 1925/2006 offers the possibility to exclude
or restrict the use of substances other than vitamins and minerals in
food supplements in case this would represent a potential risk to con-
sumers (EC, 2015a, EU, 2006).

For Novel Foods, the EU has established a harmonized and cen-
tralized pre-market authorization. Specifically, one centralized list has
been established for the novel foods across the EU (EC, 2015b) and the
safety evaluation is also be carried out in a centralized fashion by EFSA.
The European Commission consults with EU member states to

determine if a novel food should receive authorization. On the other
hand, Herbal Medicinal Products are “Classified as Medicines” and
regulated under EU medicinal law Directive 2004/24/EC (European
Commission 2004) (Fisher and Ward, 1994). The safety, efficacy, and
premarket authorization of these products is handled by the European
Medicines Agency (EMA) (Benzi and Ceci, 1997; Blumenthal et al.,
2000; Calapai, 2008).

4. Comparison of regulatory requirements

Table 3 provides a horizontal comparison across different countries
that regulate natural products as either “Classified as Supplements” or
“Classified as Medicines”; two primary types of differences were ob-
served.

First, a product could be placed into more than once category, de-
pending upon in which jurisdiction it is marketed and the claims that
were associated with it. In countries such as the US, EU, Japan and
China, products can be “Classified as Supplements” as well as
“Classified as Medicines” depending upon a product and its claims
made. Consequently, the regulatory requirements and type of safety
assessment vary, and manufacturers must follow and adhere to the
guidance provided by the regulatory agencies for each respective
market. There are some differences observed between various reg-
ulatory bodies regarding the specifics of toxicological data required,
and how each utilized clinical trial data, adverse event reports, and
historical use of botanicals as medicines and food in their review.
Therefore, one must carefully consider how each product is categorized
based upon the jurisdiction in which it is manufactured and marketed.

Second, even if a product is classified into the same category, the
regulatory requirements across countries could still vary. Regulations
are usually consistent for the products that are “Classified as Medicines”
across jurisdictions. However, when we consider the products
“Classified as Supplements,” the regulatory requirements vary sig-
nificantly between countries. Despite some inconsistencies between
regulatory requirements across various jurisdictions, the one com-
monality between every county is that the prime focus is the safety of
consumer.

5. Green tea extracts and vitamin E as examples

Both green tea extracts and Vitamin E were used as examples by
several speakers at GSRS2018 to illustrate the regulatory applications
and considerations for natural products.

Green tea is made from the unfermented leaves of Camellia sinensis
(L.) Kuntze and is frequently used without fermentation. For example,
Green tea has been extensively consumed as an infusion in a beverage
in Asian countries for centuries. Many people consume green tea as an
extract but do so with the perception that it is just as beneficial as the
beverage. It is known that green tea extract has a very different che-
mical composition compared to green tea itself. Moreover, different
manufacturing process might produce green tea extracts with different
chemical composition. Consumers are often unaware of the critical
differences that the type of extraction may yield on an ingredient's ef-
fects. Some forms of green tea extract have been linked to reports of
liver injury, which led to a warning being issued by several government
agencies (Mazzanti et al., 2009; Molinari et al., 2006; Sarma et al.,
2008). As shown in Table 4, green tea extract is “Classified as Medi-
cines” in Canada and Australia while “Classified as Supplements” in
Japan, China, New Zealand, and the EU. However, it is treated as both a
botanical drug for topical use and as a supplement in the US.

Vitamin E is the common term used for a group of fat-soluble an-
tioxidants, which are reported to act to protect against cell damage
(Brigelius-Flohe and Traber, 1999; Esterbauer et al., 1989). It is widely
used worldwide as a product in the category of “Classified as Supple-
ments.” Vitamin E exists in eight different forms with varying degrees of
antioxidant potential. These eight forms can be grouped into two
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categories, tocopherols, and tocotrienols (collectively called “tocols”),
where the latter has stronger antioxidant potential than the former
(Hosomi et al., 1997; Nukala et al., 2018; Traber et al., 2007). Alpha-
tocopherol (belonging to the tocopherol group) is one of the most
abundant forms in humans and plants (Burton, 1994; Hosomi et al.,
1997). Thus, in most cases, alpha-tocopherol is referred to as “Vitamin
E,” but which can also be a mixture of tocopherols. In many counties
(e.g., US, Australia, Canada, and New Zealand), tocopherols and toco-
trienols are treated as separate entities for regulatory purposes. In ac-
cordance with this approach, EFSA published in 2015 a scientific opi-
nion on Dietary Reference Values for vitamin E as alpha-tocopherol
(EFSA, 2015). In that Opinion, EFSA considers vitamin E as alpha-to-
copherol only (EFSA, 2015).

There is a significant variation across countries for the re-
commended dosage for Vitamin E in the world-wide markets. In the US
(Institute of Medicine) (FNB, 2011) and Canada (HC) the recommended
dietary allowance (RDA) and the tolerable upper intakes (UL) for the
alpha-tocopherol form of Vitamin E is defined as 15 mg/day and
1000 mg/day respectively for adults (both male and female). For fe-
males, this dose remains the same during pregnancy and lactation.
However, the EU (EFSA), Australia and New Zealand (National health
and medical council) recommended that UL should be much lower (i.e.,
300 mg/day). Meanwhile, the UL in Japan is different for males
(900 mg/day) compared to females (700 mg/day). Significant overages
(e.g., above the UL) raises concern about the potential risks associated
with excessive intakes of vitamins and minerals (Andrews et al., 2018).
Therefore, the recommended level should be harmonized.

The difference in how these products are regulated and the re-
commendations that are made about them across different countries
raises the question of whether and how harmonization could be im-
plementable since there exists a substantial difference in diet, historical
knowledge and the consumer, across these countries.

6. The role of emerging technologies

Many countries have acknowledged the role that emerging tech-
nologies could play in regulatory function. Therefore, the on-going ef-
forts to incorporate these new methodologies in both quality control
and safety assessment was discussed at GSRS2018. Despite of the dif-
ferent nuances between various agencies’ regulatory and quality stan-
dards there are some global similarities across the globe, serving the
basis for global harmonization. It was also recognized that a harmo-
nized approach for improved guidelines is essential to incorporate these

new methodologies. One significant challenge that every agency face is
how to assess complex ingredients, which gives rise to uncertainty and
variability in safety assessments and insufficient data to thoroughly
evaluate the claims. The inherent complexities with botanicals demand
the use of orthogonal methods that are fit-for-purpose and can dis-
criminate closely related species. Emerging technologies may play an
essential role in ensuring the safety and quality of botanical products.
Some of the new tool could also be helpful to lead a more transparent
system (regardless of whatever regulation is followed). For example, a
global surveillance system should be established to track the origins of
these products so that characteristics of the products can be accurately
communicated. Such a global system may be based on emerging ana-
lytical methods to ensure high standards of quality control. In addition,
it would be helpful to develop a more transparent system so that this
information could be made available to consumers.

Science-based pharmacopeial standards, such as the up-to-date
standards, can play a critical role in this regard by providing a common
understanding of appropriate quality attributes for botanical products
and their ingredients to the benefit of manufacturers, regulators and all
other stakeholders across the supply chain. These publicly available
specifications incorporating appropriate emerging technologies, com-
bined with recognized principles of GMPs, represent a vital element of
the quality assurance of dietary supplements and herbal medicines.
Transparent public quality standards (monographs, general chapters
and Reference Standards) for herbal medicines and botanical dietary
supplements are developed through collaboration with global stake-
holders and expert volunteers. To define all attributes of quality, USP
monograph contains the specification for the article, which includes
tests, procedures, and acceptance criteria. In addition, USP monographs
include several components, including definition, description, packa-
ging, storage, and labeling statements.

As depicted in Fig. 1, there are numerous emerging tools, technol-
ogies, and methodologies that could be relevant to quality control and/
or safety assessment, all of which have been presented and actively
discussed during GSRS2018, and their potential application for both
quality control and safety assessment was appreciated by attendees.
(Table 5).

7. Challenges

It appears the lack of global consensus mainly due to the fact that
there is a difference in the regulatory definition and categorization of
products between countries. Generally, when a product is “Classified as

Table 4
Examples from green tea extract and vitamin E.

Country Green Tea Extract Vitamin E

USA • “Classified as Supplements”
◦ Dietary Supplement
◦ Issued warning Letters for liver damages; Medwatch reports in publications

• “Classified as Medicines”
◦ Veregen – ointment containing green tree extract

• “Classified as Supplements”

Canada • “Classified as Medicines”: Natural Health Products (Medicine)
◦ Adverse Drug Reaction monitoring agency reports published

• “Classified as Medicine”
◦ Natural Health Products (Medicine) sold OTC

EU • “Classified as Supplements”
◦ Food Supplement (food)
◦ Investigated by EFSA and published the report in 2018

• “Classified as Supplements”
◦ Food Supplement (food)

China • “Classified as Supplements”
◦ Health food and can have claim (food)

• “Classified as Supplements”
◦ Health food and can have claim (food)

Japan • “Classified as Supplements”
◦ Functional food and can have claim (food)

• “Classified as Supplements”
◦ Functional food and can have claim (food)

Australia • “Classified as Medicines”
◦ Complimentary Medicine – Registered (high risk)
◦ Issued safety advisory

• “Classified as Supplements”
◦ Complimentary Medicine - listed

New Zealand • “Classified as Supplements”
◦ Dietary supplements
◦ cited warning from USP

• “Classified as Supplements”
◦ Dietary supplements
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a Supplements” nutritional claims and/or health claims may be made,
though the specifics of the claims that are allowed vary based on the
regulatory framework in the country in which they are made. However,
when a product is “Classified as Medicines” some countries’ regulations
allow medical claims in addition to the health claims. For a harmonized
approach towards the risk assessment of dietary supplements and
herbal medicine, guidance documents need to be updated to account for
evolving scientific advances. Furthermore, some areas within the gui-
dance documents that have not yet received consideration in particular
those related to risk and safety assessment, should receive attention.
Although guidelines in some countries may include a safety evaluation

of the long-term exposure based on chronic studies, many consumers
may use botanical supplements for a short duration and therefore,
guidelines should reflect the short-term exposure as well. Moreover,
there is no harmonization in the recommendations for intake levels by
various regulatory bodies, and different agencies may set drastically
different levels for the same botanical product. Toxicological informa-
tion that can be shared among the various agencies would be a useful
resource. Considering the international commerce of botanicals across
traditional systems, global public standards and the verification pro-
gram can help manufacturers in meeting regulatory requirements
through science-based specifications and can facilitate label uniformity

Fig. 1. Conventional and emerging safety and quality assessment methods presented at GSRS18.

Table 5
Emerging technologies discussed at GSRS18.

Technologies Description

Advanced analytical techniques Several advanced methodologies such as next-generation sequencing and microarrays were presented. The emerging
technologies are now high-sensitive and high-throughput in nature. Thus, developing a strategy of measuring origin of the
products and ensuring reproducible results with standards and reference samples are crucial. This is an area of importance
to recognize common reference standard and information sharing across the agencies.

In silico tools Combination of in-silico tools using chemoinformatics and toxicogenomics in conjunction with conventional toxicological
methodologies can improve the understanding of toxicological effects of the dietary supplements and botanical drugs.

Qualified Presumption of Safety (QPS) approach EFSA has developed a Qualified Presumption of Safety (QPS) approach, which is currently in use for the safety assessment of
microorganisms added to the food chain, for the assessment of botanicals. Botanicals for which an adequate body of
information exists to benefit from a “presumption of safety” and thus be considered safe for human consumption without
having to undergo additional toxicological testing. Similar regulation is in existence at FDA under that manufacturer must
give only premarket notification to FDA.

Toxicologicalassessments EFSA compendium identifies possible hazards without providing further information needed for subsequent risk
assessment; it is a useful standard overview for botanicals and botanical ingredients of possible concern.

Up-to-date quality standards US Pharmacopeia (USP) contains quality standards for dietary supplements and herbal medicines based on current and
emerging technologies. It partners with the global stakeholder and expert contributors to develop transparent public
standards such as monographs, general chapters, and reference standards, which provide scientifically-valid specifications
for identity, strength, and purity.

DNA Barcoding To catch the fraud in the food and dietary supplement, DNA barcoding methods are used and need to be validated and made
it reproducible. However, to fight against the fraudulent manipulations of ingredients for the food products as well as food
supplements requires global corporation from various regulatory agencies.

Blockchain Blockchain approach could be utilized to monitor the herbal medicine and dietary supplement ingredients from its source to
destination so only the finest quality ingredients can be reached to the consumers.

Omics based approach The development of quality control methodology to ensure the safety and effectiveness of the drug is essential. Since the
botanical and herbal supplements use a different part of the same plant differently, the computational and analytical approach
can be effectively used to distinguish the different part of the same plant as the different parts tend to have a different effect
sometimes. Computational methods can be effectively employed for performing network pharmacology and ingredient
content to identify bioactive chemical markers
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of quality herbal medicine and dietary supplements.
Of note, in most countries, manufacturers are expected to maintain

the safety of product by following Good Agricultural and Collection
Practice (GACP) and Good Manufacture Practices (GMP) for herbal
medicine and dietary supplements to ensure the quality of product. The
requirements and specification for authenticity of the plant and plant
parts are more rigid for herbal medicine than those for dietary sup-
plements. It is essential to have proper tracking on herbal origins, in-
formation on cultivation conditions, harvesting, handling, processing,
labeling, packaging, and distribution. The newly developed DNA bar-
coding or other DNA-based system, in combination with omics-based
analytical approaches will help to increase the reliability of the tech-
niques for herbal authentication (Clark et al., 2018; Newmaster et al.,
2013) as a comprehensive database is developed. Barcoding should be
web-based and should be accessible across the globe in a non-proprie-
tary platform to maintain transparency. Because the properties of bo-
tanicals vary through different harvesting environments, conditions,
and time, the combination barcoding and chemistry-based omics ap-
proach can account for these inherent variabilities and might be useful
additions to GAP/GMP documentation to include the details of herbal
origins, cultivation conditions, harvesting, handling, and processing of
each herbal batch studied.

8. Future Directions

New efforts have already taken place towards harmonization. For
example, EFSA published guidelines on safety assessment of botanical
products and preparations in 2009 ((EFSA), 2009). Additionally, Qua-
lified Presumption of Safety (QPS) approach for the safety assessment of
botanicals and botanical preparations was published by EFSA in 2014
(EFSA, 2014). Compendium of botanicals reports naturally occurring
substances of possible concern for human health when used in food and
food supplement in most countries. In 2012, EFSA released Database of
Compendium of botanicals that is available on the EU Open Data Portal
(http://data.europa.eu/euodp/data/dataset/efsa-botanical-
compendium). Having the database, many emerging technologies and
methodologies can be effectively incorporated to enhance the quality or
safety of the product. For example, with the use of advanced compu-
tational methods and bioinformatics, systems of decentralized data
storage built on a net of users where “blocks” of data are bound to-
gether in a “chain” and secured using cryptography (blockchain). This
approach enables to trace the dietary supplements and herbal medicine
material from its origin to the final product. Current existing surveil-
lance systems implemented in various countries provide useful in-
formation resources on the adverse events of herbal products, including
the ADR reporting system in China, the FDA MedWatch program,
Medsafe in New Zealand and, in the EU, the Pharmacovigilance (EMA)
and Rapid Alert System for Food and Feed (European Commission).
Informatic approaches can be used to mine the post-marketing sur-
veillance information. However, some countries still lack such surveil-
lance programs. Establishing transparent analytical approaches with
emerging technology will ensure the worldwide quality and safety of
dietary supplements and herbal products. Establishing centralized in-
formation on botanical standards not only ensures a quality product but
makes it easier to identify contamination. Moreover, emerging tech-
nologies and computational methodologies can now be used to increase
the benefits and decrease the safety concerns of dietary supplements
and herbal medicines that were previously only used for conventional
drugs. Data analytics methods may play a significant role in the de-
velopment of robust quality evaluation methodologies to enhance the
quality evaluations for natural products that either “Classified as Sup-
plements” or “Classified as Medicines”.
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